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Abstract: The Tupelo Bay Formation is an Eocene carbonate unit occurring in the outer Atlantic Coastal Plain of
South Carolina, USA. This formation has yielded a rather diverse assemblage of late Eocene fishes that is dominated by
sharks (squalomorph and galeomorph) but contains a lesser number of batoid and teleost fishes. Of the six orders of sharks
represented, Carcharhiniformes is the most diverse, with teeth of 12 taxa identified, including Pachyscyllinm sp., Premontreia
(Oxyscyllinm) gilberti, Hemipristis curvatus, Psendabdounia claibornensis, Abdounia enniskilleni, A. minutissima, Carcharbinus sp., Nega-
prion gilmorei, Physogaleus aff. contortus, P. aff. secundus, Galeocerdo clarkensis, and a new species, Galeorhinus semiserratus. Lamnifor-
mes are less diverse and represented by Ofodus (Carcharocles) sokolowiz, Anomotodon novus, Striatolamia macrota, Brachycarcharias
twiggsensis, Carchariidae indet., Macrorhizodus praecursor, Isurolamna inflata, and Alopias ct. alabamensis. Other, less diverse, orders
include Hexanchiformes (Hexanchus agassizi), Squatiniformes (Squatina sp.), Heterodontiformes (Heterodontus aff. vincents),
and Orectolobiformes (Nebrius thielensi, Eostegostoma angustum, Ginglymostomatidae indet.). Five batoids are represented by
isolated teeth and rostral spines, including Pristis sp., Propristis schweinfurthi, “Aetomylaens” sp., “Myliobatis” sp., and “Rbingptera”
sp. Eleven bony fish taxa, Egertonia isodonta, Albula oweni, Sphyraena sp., Xiphiorhynchus sp., Trichiurides sagittidens, Scomberomorus
sp., Sphyraenodus sp., Ostraciidae indet., Lobodus pedemontanus, Progymnodon hilgendorfi, and Cylindracanthus rectus, were identified
based on teeth, jaws, dermal armor and other elements. Teeth of E. angustum, 1. inflata, Sphyraenodus sp., and L. pedemontanns
represent rare records of these taxa in North America. The apparently depauperate batoid and teleost components of the
assemblage may reflect taphonomic processes and/or a collecting bias towards larger specimens. Nonetheless, this assem-

blage increases our knowledge of the paleoenvironmental and paleobiogeographic distributions of the species represented.
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INTRODUCTION

Numerous Eocene lithostratigraphic units in
the South Carolina Atlantic Coastal Plain, USA, rep-
resent marine deposition, but relatively little is known
about the vertebrate assemblages they may contain.
Although marine tetrapods have been reported from
several of these units, including chelonioid turtles
(Weems & Brown 2017), dugongid sirenians (Domn-
ing et al. 1982), and protocetid cetaceans (Albright
1996; Uhen & Gingerich 2001; Geisler et al. 2005),
the only reasonably well-documented fish assem-
blage includes that of the Priabonian Dry Branch
Formation of the Barnwell Group (i.e., Zullo &
Kite 1985; Cicimurri & Ebersole 2015; Cicimurti &
Knight 2019). Kite (1982) collected several elasmo-
branch teeth and caudal spines from the middle Eo-
cene (Lutetian) Huber Formation in Aiken County
that were later taxonomically identified by Cicimurrti
& Knight (2019). Case et al. (2015) recovered a small
elasmobranch assemblage from Berkeley County
that was thought to have been sourced from the low-
er Focene (Ypresian) Fishburne Formation, but it
has since been demonstrated (Cicimurri et al. 2016)
that the specimens in question were derived from
the upper Paleocene (Thanetian) Chicora Member
of the Williamsburg Formation.

The upper Eocene Tupelo Bay Formation is a
marine limestone occurring in the outer coastal plain
of South Carolina. Based on scattered accounts, this
unit has yielded an array of marine vertebrates, in-
cluding a dugongid sirenian (Doming et al. 1982),
a dermochelyid turtle (Weems & Brown 2017), and
the protocetid whales Carolinacetus gingerichi Geisler et
al., 2005 and Tupelocetus palmeri Gibson et al., 2018. A
partial rostrum and associated spines of the sawfish
Pristis were described by Cicimurri (2007), but other
fishes occurring in the Tupelo Bay Formation are
poorly known. Herein, we provide the results of our
evaluation of nearly 600 fish fossils from the Tupelo
Bay Formation, including taxonomic identifications,
updates on morphology and heterodonty and on the
temporal and paleobiogeographic distributions of
the species, and we comment on the paleoecological
implications of the assemblage.

GEOLOGIC SETTING AND AGE

The specimens described herein were recov-
ered from three active quarries in South Carolina,
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USA, including two in Dorchester County and one
in Orangeburg County. All three quarries are locat-
ed along the north-south roadway that is SC 453,
north or south of US 1-26, with the Giant Portland
Cement (formerly Carolina Cement and Lime Co,;
33.23727, -80.44323) and Argos (formerly Blue
Circle Cement and Lafarge; 33.22580, -80.45118)
quarries being in Dorchester County and Holcim
Holly Hill Cement (formerly Santee Portland Ce-
ment and Holnam; 33.27673, -80.43457) in Orange-
burg County (Fig. 1C). These quarries commercially
target limestones that are the source for the fossils
documented herein.

The Giant Portland Cement quarry has a
long history of geological investigation, and a sum-
mary of that work is provided herein. Cooke and
MacNeil (1952) identified the exposed Eocene gray
limestones as Castle Hayne Limestone and Pooser
(1965) and Banks (1977) later referred to these beds
as the Santee Limestone (Lutetian-Bartonian). Ward
et al. (1979) subdivided the Santee Limestone into
the Moultrie Member and superjacent Cross Mem-
ber, and the exposures at the Giant Porland Cement
quarry were ascribed to the latter unit. Baum et al.
(1980) subsequently elevated the Cross Member to
formation status and designated the Giant Portland
Cement quarry as an auxiliary reference section. Zul-
lo & Harris (1987) correlated the Cross Formation
with the Eocene (Bartonian, NP17) Gosport Sand
and Moodys Branch Formation of the Gulf Coastal
Plain of the USA, and the Clinchfield Formation of
Georgia, USA. Campbell (1995) noted the discrep-
ancies in naming convention used to identify the
limestones in Berkeley, Orangeburg, and Dorchester
counties in South Carolina, but ultimately identified
the limestone beds at the Giant Portland Cement
quarry as the Cross Formation.

In their evaluation of the USGS-Pregnall
No. 1 Core (DOR-208), Edwards et al. (1997) iden-
tified roughly 50 m of section as Moultrie and Cross
strata, and both units were recognized as members
of the Santee Limestone. Geisler et al. (2005) utilized
the DOR-208 core, which was recovered roughly 6
km south of the Giant Portland Cement quarry, and
the conclusions drawn by Edwards et al. (1997) to
formalize the Tupelo Bay Formation as a replace-
ment name for the limestones exposed at Giant
Portland Cement. Geisler et al. (2005) redesignated
the 21 m-thick “Moultrie” portion of the DOR-208
core (sensu Edwards et al. 1997) as the Cross Mem-
ber and the remaining 30 m “Cross” portion as the
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Fig. 1 - Geographic maps showing
the locations of the collec-
tion areas. A, Outline map
of the United States showing
the location of South Caro-
lina (gray). B, County map
of South Carolina showing
the location of Dorches-
ter and Orangeburg coun-
ties. C, Map of Dorchester
and Orangeburg counties
showing locations of the
Holcim quarry (1), Giant
Portland Cement quarry (2),
and Argos quarry (3). Bod-
ies of water are indicated by
blue. C is modified from the
USGS Holly Hill and Har-
leyville 1:24,000 topographic
maps, version 1/1/2024.
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Pregnall Member, with these units comprising the
lower and upper parts (respectively) of the Tupelo
Bay Formation (Fig. 2). The terms Cross Member
and Pregnall Member, in the context of the Tupelo
Bay Formation, have thus far largely been recog-
nized in paleontological investigations (i.e., Geisler
et al. 2005; Cicimurri 2007; Frantescu et al. 2010;
Gibson et al. 2018), and we utilize these terms here-
in following those accounts and that of Weems et
al. (2010).

The Pregnall Member occurs at the Holcim,
Giant Portland Cement, and Argos quarries, and
post-Tupelo Bay Formation deposits at these sites
have been variously referred to as the Cooper Matl,
Cooper Formation, or Harleyville Formation (i.e.,
Pooser 1965; Banks 1977; Geisler et al. 2005). How-
ever, Weems et al. (2016) showed that at the Giant
Portland Cement quarry the Parkers Ferry Forma-
tion unconformably overlies the Tupelo Bay Forma-
tion, and the Eocene section is capped by the Har-
leyville Formation. The Parkers Ferry Formation
is apparently absent from the DOR-208 core and
the Harleyville Formation disconformably overlies
the Tupelo Bay Formation. The Parkers Ferry and

Harleyville formations, along with the lower Oli-
gocene (Rupelian) Ashley Formation, are part of
the Cooper Group. At each of the collecting sites
a conspicuous unconformity separates the Tupelo
Bay Formation from the Parkers Ferry Formation,
and the contact zone of the Tupelo Bay Formation
is phosphatized. Banks (1977: fig. 12) noted this
phenomenon at the Giant Portland Cement quarry
but stated that the surface was horizontal, although
one of us (DJC) has observed highly irregular sur-
faces with meter-scale relief (see also Weems et al.
2016: fig. 3). This erosional surface may represent
current scouring related to the Gulf Trough, but a
recent discovery by Ganis et al. (2025) presents a
plausible explanation that the Tupelo Bay Forma-
tion was scoured by a massive tsunami related to the
Chesapeake Bay Bolide Impact.

The deposits of the Pregnall Member of the
Tupelo Bay Formation differ slightly, as has been
observed by previous researchers. Cooke & Mac-
Neil (1952) described the lower part of the sec-
tion at the Giant Portland Cement quarry as “soft,
fine-grained, granular” and the upper part “tough
to hard, crumbly” (p. 26). Banks (1977) later subdi-
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Fig. 2 - Generalized stratigraphic section of some Eocene units

occurring in Dorchester and Orangeburg counties, South
Carolina, USA, based on exposures observed at the Giant
Portland Cement quarry and interpretations of part of the
USGS Pregnall #1 (DOR-208) core (Edwards et al. 1997;
Geisler et al. 2005).

vided the Eocene limestones in Berkeley, Dorches-
ter, and Orangeburg counties into several informal
“Lithozones,” with those at Holcim and Giant
Portland Cement being referred to Lithozone IV
and being comprised of biomicrite, biomicrudite,
and biosparrudite. Banks (1977) further subdivid-
ed these lithozones, with the lower 4-6 m of the
Pregnall Member at both quarries being assigned to
Lithozone IVa, which was described as a peloid-rich
foraminiferal biomicrite, fine- to medium-grained
arenite (p. 111, 147). Ward et al. (1979) identified
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the limestones at the Giant Portland Cement quarry
as calcarenite and biomicrudite, and Edwards et
al. (1997) recognized the lower two-thirds of the
Pregnall Member (their Cross Member within the
DOR-208 core) as a peloid-foram-bivalve-serpulid
packstone and the upper one-third as a peloid-
foram-bivalve grainstone and packstone. The lower
portion of the Pregnall Member is the source of
most of the fossils we examined, but some fossils
were recovered from the uppermost 1 m of the unit
at the Giant Portland Cement quarry. A few speci-
mens appear to have been derived from the Tupelo
Bay/Parkers Ferry formational contact zone, and
their exact provenience is uncertain (see Albright et
al. 2019: 107).

Pooser (1965) determined a Claibornian age
(Lutetian-Bartonian) for the Giant Portland Cement
quarry limestones, but Banks (1977) later assigned
them a Jacksonian age (late Bartonian-Priabonian).
We examined two matrix samples associated with
pectinid bivalves that were collected from the Giant
Portland Cement quarry. One matrix block includes
an isolated valve of what appears to be Chlamys
(Aequipecten) sp. as identified by Campell (1995: pl.
1, fig. 2), who considered this taxon as conspecific
with C. deshayesii as identified by Cooke & MacNeil
(1952). Banks (1977) tentatively reported C. deshaye-
si (Lea, 1833) and a “broad ribbed” Chlamys (p. 147)
from his Lithozone IVd that may also be conspe-
cific. According to Banks (1977), this lithozone is
a 3 m-thick interval occurring between 3.5-6.5 m
below the phosphatised upper formational contact.
Matrix was also recovered from the internal surfaces
of isolated valves of ?Chlamys ducenticostatus (Camp-
bell, 1995; see more recent determination by Waller
2000) that were collected from the uppermost 1
m of the Tupelo Bay Formation at Giant Portland
Cement. The taxon was originally described from
this quarry but has also been observed at the Argos
quarry to the south (by DJC). Campbell (1995) con-
sidered Chlamys n. sp. of Cooke & MacNeil (1952)
to be conspecific with ?C. ducenticostatus, and the
“fine ribbed” Chlamys reported by Banks (1977) is
likely the same species. All these authors noted that
this scallop occurs in the upper part of the forma-
tion (i.e., Lithozone IVe of Banks 1977).

Edwards et al. (1997) determined from the
DOR-208 core that the Cross Member of the Tu-
pelo Bay Formation is of NP17 age and the Preg-
nall Member represents zone NP18. Our biostrati-
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graphic analysis of calcareous nannofossils from
matrix associated with pectinid valves (collected
from the Giant Portland Cement quarry by DJC)
confined the Tupelo Bay Formation to uppermost
NP17 to intra-NP18. This age range is determined
by the frequent/consistent occurrence of Resiculofe-
nestra stavensis (Levin & Joerger, 1967) (FO R. staven-
sis [consistent] = uppermost NP17) and the absence
of Isthmolithus recurvus Deflandre 77 Deflandre & Fert,
1954 (FO I recurvus = NP18/NP19). Although R.
stavensis is often rare and sporadic throughout the
lower part of its range within NP16-NP17, the first
occurrence (FO) of R. stavensis [consistent] demon-
strates a more frequent and consistent occurrence
in uppermost NP17, very close to the NP17/NP18
boundary. The absence of L recurvus in the sample
supports the age assignment of intra NP18, as FO L.
recurvus defines the NP18/NP19 boundary. Howev-
er, considering the calcareous nannofossil data of
Edwards et al. (1997) and the stratigraphic position
from which one scallop matrix sample was collect-
ed in the Tupelo Bay Formation (within the upper
1 m), the age of the sample may be restricted to
NP18. The NP17 Cross Member therefore closely
correlates to the Clinchfield Formation of Georgia
(see Albright et al. 2019) and the Bartonian Gosport
Sand/Cockfield Formation and Moodys Branch
Formation in the Gulf Coastal Plain, whereas the
Pregnall Member is correlative to the Priabonian
Yazoo Clay (North Twistwood Creek Clay Member
and/or Cocoa Sand) in the Gulf region.

MATERIAL AND METHODS

The fossils
lected from three quarries located in the adjacent
Dorchester and Orangeburg counties in South Car-
olina, USA (Fig. 1). All three quarries are active, and
quarrying methods involve removal of limestone

discussed herein were col-

via large excavators that break up the rock. Fossils
are loosened from the rock both during quarrying
and through natural erosional processes. Although
multiple bedding surfaces have been observed (as
erosional surfaces seen in weathered high walls), no
concentrations of vertebrate fossils (i.e., lags) have
been identified. With the permission of quarry per-
sonnel, fossils were collected from these quarries
over the course of several decades (1990s to 2020s).
Specimens were predominantly recovered from
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within the lower 5 m of the exposed portion of the
Tupelo Bay Formation, and collection was facilitat-
ed by the sloping (versus vertical) surfaces created
during quarrying operations. Much of the material
was recovered as float, but a Pristis sp. rostrum was
excavated zz situ from the Argos quarry (Cicimurri
2007). Interestingly, microscopic evaluation of the
concentrates from the approximately 100 kg of ma-
trix surrounding this specimen and two dugongid
skulls yielded a total of three teeth. Several xiphiid
rostra were collected as float from the Giant Port-
land Cement quarry, mostly from the contact zone
between the Tupelo Bay Formation and suprajacent
Parkers Ferry Formation. Adhering matrix dem-
onstrates that some of the rostra originated from
the Tupelo Bay Formation, but it is difficult to say
if more weathered specimens lived within the Tu-
pelo Bay or Parkers Ferry paleoenvironment. They
are included here for completeness (more below
in Systematic Paleontology section). All specimens
discussed herein are housed at the South Carolina
State Museum (SC) in Columbia, USA.

To further aid our study of the Tupelo Bay
Formation ichthyofauna, we examined extensive
collections of fossils from the middle Eocene (Bar-
tonian) Clinchfield Formation of central Geot-
gia (Fig. 2) that are contained within accessions
SC2004.34 and SC2013.44. We also utilized speci-
mens from the middle Eocene (Lutetian) Piney
Point Formation of Virginia (SC2020.43) and the
lower Eocene (Ypresian) Bashi Formation of Mis-
sissippi (SC2012.28). With respect to the Clinchfield
Formation, the shark and otolith-based teleost taxa
have been described (Parmley & Cicimurri 2003 and
Stringer et al. 2022, respectively) but the batoids and
other teleost elements have heretofore not been re-
ported. Thus, the information we include herein
provides further insight into the Clinchfield Forma-
tion paleofauna. Skeletal collections of extant elas-
mobranch and teleost species at SC and McWane
Science Center (MSC) in Birmingham, Alabama,
USA, helped us evaluate the fossil species we discuss
herein. Lastly, photographs of White’s (1956) hypo-
digm of Alopias latidens alabamensis provided by the
Natural History Museum UK (NHMUK) helped to
elucidate the identity of Tupelo Bay Formation 4/-
pias specimens.

The taxonomic hierarchy utilized herein
largely follows that of Nelson et al. (2016; higher lev-
el), Wiley & Johnson (2010; ordinal placement), and
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Van der Laan et al. (2024; family-level). Tooth group
terminology follows Siverson (1999) and Cicimurti
et al. (2020), and our assignment of teeth to specific
files is largely based on examination of jaws of extant
shark and ray taxa at MSC and SC. Terminology and
abbreviations describing features of xiphiid rostra
follows Fierstine & Stringer (2007). We provided a
brief synonymy listing for taxa that have been pre-
viously reported from lithostratigraphic units within
the Atlantic and Gulf Coastal plains, USA, especially
it the species identification differs from our attribu-
tion.

Figured specimens were photographed at
MSC, and fossils exceeding 5.0 mm in greatest dimen-
sion were photographed with a Nikon D-80 camera
with Tamron macro-lens. Specimens smaller than 5.0
mm in greatest dimension were photographed with
a Wild Photomakroskop M400 microscope with
mounted Canon Eos R50 camera. To account for
depth of field, specimens were photographed from
several focal lengths, and the resulting photographs
were stacked and merged in Helicon Focus 8 soft-
ware. Final figures were produced in Adobe Photo-
shop v. 22.5.9.

SYSTEMATIC PALEONTOLOGY

Class CHONDRICHTHYES Huxley, 1880
Subclass EUSELACHII Hay, 1902
Infraclass ELASMOBRANCHII Bonaparte, 1838
Division Selachii Cope, 1871
Superorder Squalomorphii Compagno, 1973
Order Hexanchiformes Buen, 1926
Family Hexanchidae Gray, 1851
Genus Hexanchus Rafinesque, 1810

Hexanchus agassizi Cappetta, 1976
Fig. 3A-G

Material: 16 teeth, including SC2015.59.1, SC2018.7.7
(Fig. 3E), SC2018.7.8 (Fig. 3F-G), SC2018.7.71, SC2018.7.72,
SC2018.7.73, SC2022.27.1 (Fig. 3A-B), SC2022.27.2, SC2022.27.3,
SC2022.27.4 (Fig. 3C-D), SC2022.27.5, SC2022.27.6, SC2022.27.7,
SC2022.27.8, SC2022.27.9, SC2022.27.10.

Description. Upper anterior teeth consist of
a distally curved main cusp and simple undivided
root. In mesial view, the cusp may be sinuous. The
labial and lingual faces are smooth and convex (the
lingual face more so). The cutting edges, if pres-
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ent, are smooth and restricted to the upper one-half
of the cusp. The root is somewhat rectangular, and
the lingual face bears a conspicuous shelf-like boss
that lacks a nutritive groove. Teeth from more lat-
eral files are wider and more complex than those
from anterior positions. These lateral teeth consist
of a large main cusp and two much smaller distal
cusplets. The main cusp is rather narrow, and the
labial and lingual faces are smooth. The labial face
is weakly convex, and the lingual face is very con-
vex. The mesial cutting edge is rather straight and
smooth except for a few serrations at the base. The
distal cutting edge is smooth and sharp but may
not reach the cusp base. The accessory cusplets are
sharply pointed and distally inclined, well-separated
from each other and the main cusp, bear smooth
cutting edges, and decrease in size distally. The root
is sub-rectangular and thickest at the shelf-like lin-
gual boss below the crown. The area below the boss
appears concave.

The largest well-preserved lower teeth mea-
sure up to 15 mm in mesio-distal width. The main
cusp (acrocone) is smaller than that of the upper
teeth, and it is succeeded by up to ten cusps that
decrease in size distally. The mesial cutting edge of
the acrocone is straight to weakly convex and ser-
rated along the basal one-half to two-thirds. The
apical portion of the mesial edge is smooth, as are
the distal cutting edge and the edges of the acces-
sory cusps. The root is rectangular and very thin
labio-lingually.

Remarks. Hexanchus agassizi dentitions ex-
hibit various forms of heterodonty, with crowns
varying in width and height from the symphysis to
the commissure (monognathic heterodonty), and
upper teeth are morphologically distinct from the
lowers (dignathic heterodonty). With respect to mo-
nognathic heterodonty, specimen SC2022.27.1 has a
rather conical crown, no distal cusplets, and a very
simple root, indicating it is an upper first anterior
tooth (Fig. 3A—B), and the distal crown inclination
demonstrates it originated from the right side. Spec-
imen SC2022.27.4 (Fig. 3C-D) exhibits fine serrae
on the lower part of the mesial cutting edge, and
there is a single distal cusplet, indicating the tooth
was in approximately the third file of the left pala-
toquadrate. Specimens SC2018.7.7 and SC2018.7.8
are both lower teeth, and the slight mesial projec-
tion of the crown foot indicates they were in the
region of the second through sixth jaw files. Speci-
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Fig. 3 - Sharks from the Tupelo Bay Formation. A-G) Hexanchus agassizi, upper right first anterior tooth (A-B), SC2024.27.1, in lingual (A),
and labial (B) views; upper left anterior tooth (C-D), SC2022.27.4, in labial (C), and lingual (D) views; lower left lateral tooth (E),
SC2018.7.7, in labial view; lower right tooth (F-G), SC2018.7.8 in lingual (F), and labial (G) views. H-W) Squatina prima, upper? anterior
tooth (H-K), SC2022.27.11 in lingual (H), labial (I), mesial (J), and basal (K) views; anterolateral tooth (I.-O), SC2022.27.17 In lingual
(L), labial (M), mesial (N), and basal (O) views; lateral tooth (P-S), SC2022.27.15, in lingual (P), labial (QQ), mesial (R), and basal (S)
views; lower? anterior tooth (T-W), SC2022.27.16, in lingual (T), labial (U), distal (V), and basal (W) views. Scale bars: 5 mm in A-D

& H-W, 1 cm in E-G.

men SC2018.7.7 (Fig. 3E) is from the left jaw, and
its shorter and more distally inclined acrocone indi-
cates it was located closer to the commissure com-
pared to SC2018.7.8 (Fig. 3F-G).

Hexanchus agassizi will not be confused with
other selachians occurring in the Tupelo Bay For-
mation. However, Notorynchus sp. occurs within the
overlying (Priabonian) Parkers Ferry and Harleyville
formations (SC86.59.4 and SC806.59.5), and the ge-
nus was reported from the Priabonian Dry Branch
Formation by Cicimurri & Knight (2019). However,
Hexanchus has a much straighter crown, more nu-
merous distal cusplets, and finer mesial serrations
when compared to Notorynchus.

The Tupelo Bay Formation specimens are
like H. agassizi teeth reported by Cappetta (1976)
and are identified as such herein. Adnet (20006a)
synonymized Hexanchus collinsonae Ward, 1979 and
H. hookeri Ward, 1979 with H. agassizi based on

morphometric analyses of extant hexanchid sharks.
Thus, H. agassizi has been reported from lower-
to-middle Eocene strata of Europe (i.e., Cappetta
1976; Bor 1985; Van den Eekhaut & DeSchutter
2009) and various disparate locations like Egypt
(i.e., Underwood et al. 2011; Zalmout et al. 2012;
Zalat et al. 2017), Argentina (Charnelli et al. 2023),
and Japan (Tanaka & Kohno 2025). Hexanchus is
virtually unknown from the Eocene of the Atlantic
and Gulf coastal plains, but specimens comparable
to H. agassizi have been reported from the Ypresian
Nanjemoy Formation of Virginia (Kent 1999).

Order Squatiniformes Buen, 1926
Family Squatinidae Bonaparte, 1838
Genus Squatina Dumeril, 1806

Squatina prima (Winkler, 1874)
Fig. 3H-W
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Material: 10 teeth, including $C2022.27.11 (Fig. 3H-K),
$C2022.27.12, $C2022.27.13, $C2022.27.14, $C2022.27.15 (Fig,
3 P-S), SC2022.27.16 (Fig. 3T-W), SC2022.27.17 (Fig. 31-O),
$C2022.27.18, $C2022.27.19, SC2022.27.20.

Description. The teeth can attain sizes of 7
mm in mesio-distal width and 5 mm in apico-basal
height. The crown of each tooth consists of a nee-
dle-like cusp that is flanked by low lateral shoulders.
The cusp is somewhat conical, as it has convex la-
bial and lingual faces. In labial view, the cusp is erect
to distally inclined, and the cusp is lingually curved
in profile view. The mesial and distal cutting edges
on the cusp are indistinct, but they extend onto the
lateral shoulders. The shoulders are oblique to per-
pendicular to cusp height, and they may be straight
or weakly convex. There is a narrow basal labial
projection that extends below the level of the root.
The root is very low and may be flat to arched in
labial/lingual view. In basal view the attachment
surface is sub-triangular and perforated by a large
nutritive foramen. In profile view the root is shelf-
like and extends well beyond the crown foot. Nu-
merous foramina occur on the upper surface of the
root below the line formed by the lateral shoulders.

Remarks. Based on the jaws of a Squatina neb-
ulosa Regan, 1906 that we examined (SC2020.53.5),
teeth from anterior and lateral files are represented
(monognathic heterodonty). Anterior teeth have a
rather symmetrical appearance in labial view, and the
root is highly arched with the lateral crown shoul-
ders being oblique to cusp height (Fig. 3H-I). On
lateral teeth the cusp is distally inclined (Fig, 3L.—M),
and the inclination increases towards the jaw com-
missure. The root also becomes flatter such that
the lateral crown shoulders are more perpendicu-
lar to the main cusp (Fig. 3P—Q). There are notice-
able differences in cusp width among the Tupelo
Bay Formation teeth that may represent dignathic
heterodonty. Specimens having a relatively narrow
cusp were from the upper dentition and those with
wider cusps from the lower dentition (compare Fig;
31 to 3U).

Based on previous reports, Squatina prima
has a very long temporal range (late Paleocene
to late Eocene) and had a wide geographic range
during that time (see Cappetta 2012). However, as
Rodriguez et al. (2023) have pointed out, there is
some morphological variation among the speci-
mens referred to this species, and it may have be-
come a “wastebasket” taxon consisting of several

different species having a conservative tooth mot-
phology. The Tupelo Bay Formation specimens are
more similar to middle Eocene (Lutetian) S. prima
from Belgium (Van den Eeckhaut & De Schutter
2009) and Russia (Popov et al. 2025) rather than
to a somewhat more robust morphology reported
from the Paleocene of Chile (Rodriguez et al. 2023).
Comparable teeth were reported from the Clinch-
field and Dry Branch formations of Georgia (Par-
mley & Cicimurri 2003 and Case 1981, respectively).
The Clinchfield Formation has been assigned an
NP18 age and correlated with the Pregnall Member
of the Tupelo Bay Formation (Albright et al. 2019),
but Stringer et al. (2022) more recently stated an
NP17 (possibly earliest NP18) age and correlated
the Clinchfield Formation with the Gosport Sand
and Moodys Branch Formation of the Gulf Coastal
Plain. Huddlestun & Hetrick (1979) reported ben-
thic foraminifera from the Riggins Mill Member
of the Clinchfield Formation that also occur in the
Cockfield/Moodys Branch formational contact
zone of Louisiana (Treadwell 1954), indicating an
upper NP17 age.

Superorder Galeomorphi Compagno, 1973
Order Heterodontiformes Berg, 1940
Family Heterodontidae Gray, 1851
Genus Heterodontus de Blainville, 1816

Heterodontus aft. vincenti (Leriche, 1905)
Fig, 4

2003 Heterodontus sp. — Parmley & Cicimurri, p. 158-159, fig. 3 B.

Material: 10 teeth, including SC2022.27.21 (Fig. 4A—
D), $C2022.27.22 (Fig. 4N-0), SC2022.27.23, SC2022.27.24,
S$C2022.27.25 (Fig. 4H-J), SC2022.27.26 (Fig. 4K-M), SC2022.27.27
(Fig. 4Q-S), SC2022.27.28 (Fig. 4T-V), SC2022.27.29, SC2022.27.30
(Fig. 4E-G).

Description. Specimen SC2022.27.21 is a
small tooth measuring 2 mm in crown width and
approximately 2 mm in height. The crown is mas-
sive and bears a single large main cusp flanked by a
single pair of large lateral cusplets. The main cusp
is broad-based, somewhat conical, and divided into
strongly convex labial and lingual faces by thick and
smooth lateral cutting edges. The main cusp as well
as the lateral cusplets are both lingually and distally
inclined. The bases of the lateral cusplets occur at
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Fig. 4 - Heferodontus aff. vincenti from the Tupelo Bay Formation. A-D) antetior tooth, SC2022.27.21, in lingual (A), basal (B), labial (C), and
mesial (D) views; lateral tooth (E-G), SC2022.27.30, in occlusal (E), labial (F), and basal (G) views; lateral tooth (H-J), SC2022.27.25,
in occlusal (H), labial (I), and basal (J) views; lateral tooth (KK-M), SC2022.27.26, in occlusal (K), labial (L), and basal (M) views; lateral
tooth (N-O), SC2022.27.22, in occlusal (N), labial (O), and basal (P) views; lateral tooth (Q-S), SC2022.27.27, in occlusal (Q), labial (R),
and basal (S) views; lateral tooth (T-V), SC2022.27.28, in occlusal (T), labial (U) and basal (V) views. Scale bars: 5 mm.

roughly one-half the crown’s height. Both cusplets
are triangular (the mesial one is wider than the
distal one), pointed apically, roughly conical (with
weak lateral cutting edges), and separated from the
main cusp by a deep notch. The crown enameloid

is smooth. In profile and occlusal views, the crown
base flares labially and laterally, and a lingual pro-
tuberance extends over the root. The labial crown
foot is thickened and forms a ridge-like structure
that extends between the outer margins of the lat-
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eral cusplets. In basal view, the crown overhangs the
root in all directions (particularly labially). The root
is ablated, but in basal view it is V-shaped with very
thin lobes that converge to form a prominent lin-
gual boss. The mesial root lobe is much longer than
the distal one, and a distinctive foramen occurs at
the apex of the boss.

The remaining teeth in the sample are me-
sio-distally wide, labio-lingually narrow, and apico-
basally short. The maximum mesio-distal crown
width measures almost 9 mm and the crown height
is less than 4 mm. In occlusal view, teeth have an
oval or sub-rectangular appearance, but several
much wider specimens have sinuous labial and lin-
gual margins. The mesial and distal margin may be
rounded or squared. The crown is divided into la-
bial and lingual faces by a transverse crest, the posi-
tion of which varies such that it is (usually) medi-
ally located but can be situated closer to the labial
or lingual margin. The labial face ranges from flat
to weakly convex, whereas the lingual face may be
moderately to strongly convex. The transverse crest
varies from weak to robust and may not reach the
mesial or distal margins. The crown enameloid is
heavily ornamented on the labial and lingual faces.
The enameloid of the labial face often consists of
coarse bifurcating and anastomosing longitudinal
ridges that emanate from the transverse crest and
transition into a more reticulated network closer to
the labial margin. On some teeth the reticulated net-
work is more extensive, and still other specimens
have a more rugose appearance. The lingual face
often bears robust (larger than those on the labial
face) bifurcating ridges that do not extend to the
crown foot. The crown overhangs the root in all
directions. The root is very low and anaulocorhize
but highly vascularized.

Remarks. As the name implies, Heterodon-
tus dentitions exhibit considerable morphological
variation that reflects monognathic, dignathic, and
ontogenetic heterodonty. Observations of extant
Heterodontus zebra (Gray, 1831) and H. portusjack-
soni (Meyer, 1793) jaws at SC (SC2020.53.6 and
SC2020.53.7, respectively) indicate that the Tupelo
Bay Formation teeth represent adult individuals,
with SC2022.27.21 being from an anterolateral file
(Fig. 4A-D), SC2022.27.22 and SC2022.27.28 being
from lateral files (Figs. 4N-O & 4T-V, respectively),
and flat-crowned teeth like SC2022.27.25 (Fig. 4H—
J) were derived from a more posterior file. Speci-
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men SC2022.27.26 (Fig. 4K-M) likely occupied a file
between SC2022.27.21 and SC2022.27.22.

Unfortunately, most of the nominal fossil
species of Heterodontus are based on relatively few
isolated teeth. Hovestadt (2018) evaluated the denti-
tions of all extant Heferodontus species and grouped
them into one of two “lineages” based on tooth
morphology. He also conducted an overview of the
fossil record and largely rejected the species names
assigned to most of the fossil taxa, preferring in-
stead to group teeth into one of two morphotypes
(Morphotype 1 or Morphotype 2). Following Hov-
estadt (2018), the Tupelo Bay Formation Heferodon-
tus teeth can be assigned to his Morphotype 2 be-
cause the crown ornamentation consists of coarse
longitudinal ridges on the lingual crown face, and
the longitudinal ridges on the labial face transition
to a finer reticulated network. We note here that
grouping species based on Hovestadt’s (2018) mor-
photypes does not necessarily imply close phylo-
genetic relationships, as Slater et al. (2020) showed
that extant H. galeatus (Gunther, 1870) and H. portus-
Jjacksoni are more closely related to each other than
H. zebra is to H. portusjacksoni. Per Hovestadt (2018)
the latter two taxa display Morphotype 1 dentitions
and H. galeatus Morphotype 2.

With respect to Eocene Heferodontus species
that have been named, lateral teeth of H. sowasheense
Case, 1994 (Ypresian Bashi Formation of Mississip-
pi) have much reduced to absent crown ornamen-
tation (based on our evaluation of a larger sample
size recovered from Case’s (1994) type locality; see
SC2013.28) compared to the Tupelo Bay Formation
teeth. The proposed hypodigm of H. pineti Case,
1981 from the upper Eocene Dry Branch Forma-
tion of Georgia and H. elongatus Case & Borodin,
2000b from the middle Eocene Castle Hayne Lime-
stone of North Carolina both include only a sin-
gle lateral tooth. That of H. pineti differs from the
Tupelo Bay Formation specimens in that it is very
convex and has a more dimpled appearance. The
taxon H. elongatus includes high-crowned teeth that,
in our opinion, may not belong to a chondrichthyan
fish, let alone Heferodontus, and the lateral tooth at-
tributed to H. elongatus is not dissimilar from the two
teeth of Cestracion (= Heterodontus) vincenti Leriche,
1905 from the Eocene of Belgium. These H. vincent:
lateral teeth are very wide but rather low and have
ornamentation of coarse lingual longitudinal ridges
and finer labial ridges, which are features consistent
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with the Tupelo Bay Formation specimens. Case et
al. (1990) reported very similar lateral teeth from the
White Mountain Formation of Uzbekistan, and the
species was recently reported in the middle Eocene
Osinovaya Formation in Russia (Popov et al. 2025).
With respect to teeth from more anterior tooth po-
sitions, those reported for H. sowasheense appear to
have cusplets occurring higher on the crown com-
pared to specimen SC2022.27.21. Anterior teeth of
Eocene H. wardensis (Casier, 1966) have two pairs of
lateral cusplets, and cusplets on Ypresian H. wood-
wardi (Casier, 1946) teeth are much reduced or ab-
sent. It is difficult to compare these species if the
teeth described do not all represent the same jaw
position and/or ontogenetic stage (i.e., Hovestadt
2018).

Heterodontus appears to have been an uncom-
mon component of middle and late Eocene fish
faunas of the Atlantic and Gulf coastal plains, as
evidenced by the reports cited above. Additionally,
only a single tooth was reported from the Clinch-
field Formation of Georgia (Parmley & Cicimurti
2003), and seven teeth were identified among the
tens of thousands of specimens from three dif-
ferent formations of the Claiborne Group (upper
Ypresian to middle Bartonian) in Alabama (Eber-
sole et al. 2019). Ebersole & Cicimurri (2025) exam-
ined roughly 5,000 chondrichthyan and osteichthy-
an specimens from Cretaceous through Pleistocene
units in Louisiana and encountered only a single
Heterodontus tooth. The cuspidate (possibly juve-
nile) lateral tooth, derived from the middle Eocene
Moodys Branch Formation (NP17), was first re-
ported as H. pineti by Manning & Standhardt (1986)
but later simply referred to Hezerodontus sp. by Ebet-
sole & Cicimurri (2025: fig. 6.10).

The H. pineti teeth reported by Case (1981)
were recovered from the Dry Branch Formation
(Twiggs Clay facies) of Georgia, but this taxon was
not documented in the Dry Branch Formation (It-
winton Sand facies) in South Carolina (Cicimurri &
Knight, 2019).

Order Orectolobiformes Applegate, 1972
Superfamily Hemiscylloidea Naylor et al., 2012
Family Ginglymostomatidae Gill, 1862
Genus Nebrius Ruppell, 1837

Nebrius thielensi (Winkler, 1874)
Figs. 5A—R
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1874 Plicodus thielensis — Winkler, p. 301, pl. 7, fig. 5.

1877 Acrodobatus obliguns — 1eidy, p. 250, pl. 34, fig, 14.

1981 Ginglymostoma obliquum (Leidy, 1877) — Case, p. 61., pl. 4, fig.1

2000a Nebrius thielensis (Winkler, 1874) — Case & Borodin, p. 8, pl.
1, figs. 1-2.

2000b Nebrius thielensis (Winkler, 1874) — Case & Borodin, p. 22, pl.
3, figs. 29-30.

2003 N. thielensis — Parmley & Cicimurri, p. 159 fig. 3 C.

2016 Nebrius obliguns (ILeidy, 1877) — Cappetta & Case, p. 48, pl. 2,
figs. 1-4.

Material: 11 teeth, including SC2015.59.40, SC2022.27.31,
$C2022.27.32 (Fig. 5A-D), $C2022.27.33 (Fig. 5F-J), SC2022.27.34,
$C2022.27.35,  SC2022.27.36, SC2022.27.37  (Fig. 50-R),
$C2022.27.38, $C€2022.27.39, $C2022.27.40 (Fig. 5K-N).

Description. Teeth can attain sizes up to 12
mm in mesio-distal width and 8 mm in apico-basal
height. In labial view, the crown is low with a trian-
gular appearance. There is a short, triangular main
cusp that is flanked by up to seven pairs of much
smaller lateral cusplets, although cusplets are more
numerous on the mesial side. The cutting edge is
smooth across the main cusp and lateral cusplets.
The labial crown foot is highly convex and there
is a large medial protuberance that extends basal-
ly below the root surface. The lingual crown face
bears a lingually directed boss that extends onto the
upper root surface. In profile view, the lingual face
is rather vertical, but the labial face is oblique and
may be sinuous. The crown enameloid is smooth
but there may be crenulations on the labial crown
protuberance, particularly on large specimens. In
profile view, the root is low but in basal view, the
root is sub-triangular and may be flat or weakly con-
vex, and it is perforated by a large nutritive foramen.
Several smaller foramina are located on the upper
root surface, adjacent to the lingual crown protu-
berance, and a single foramen occurs at the lingual-
most margin of the root.

Remarks. Monognathic heterodonty is evi-
dent in our sample, as teeth from more anterior files
are rather symmetrical and have a similar number
of cusplets on the mesial and distal sides of the
crown (Fig. 5C-D). Teeth from lateral positions
have a more elongated and convex mesial edge, and
a greater number of cusplets occur on the mesial
edge than on the distal edge, and the main cusp is
offset distally (Fig. 5H-I). Additionally, the cusp be-
comes more distally inclined the closer a tooth was
located to the commissure. Furthermore, the labial
crown protuberance is more elongated and easily
distinguished from the crown itself (Fig. 5Q). Onto-
genetic heterodonty also appears to be represented,
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Fig. 5 - Orectolobiform sharks from the Tupelo Bay Formation. A-R) Nebrius thielensi, anterolateral tooth (A-E), SC2022.27.32, in occlusal (A),
mesial (B), lingual (C), labial (D), and basal (E) views; lateral tooth (F-J), SC2022.27.33, in occlusal (F), mesial (G), lingual (H), labial
(I), and basal (J) views; juvenile anterior tooth (K-N), SC2022.27.40, in occlusal (K), mesial (I), lingual (M), and labial (N) views; lateral
tooth (O-R), SC2022.27.37, in mesial (O), lingual (P), labial (QQ), and basal (R) views. S-T) Ginglymostomatidae tooth, SC2018.2.74, in
mesial (S), and labial (T) views. U-X) Eostegostoma angustum, anterolateral tooth, SC2021.26.1, in mesial (U), lingual (V), labial (W), and

basal (X) views. Scale bars: 2 mm in U-X, 5 mm in A-] & O-T.

as smaller teeth have fewer cusplets compared to
large specimens (i.e., four vs. seven or more) from
the equivalent file, and the cusplets are larger with
respect to overall crown size (compare Fig. 5SK-N
to 5A-D).

Other regional occurrences of Nebrius thielensi
include the Lutetian Castle Hayne Formation of
North Carolina (Case & Borodin 2000b), Clinch-
field and Dry Branch formations of Georgia (Par-

mley & Cicimurri 2003, Case 1981, and Case &
Borodin 2000a, respectively) and the Dry Branch
Formation of South Carolina (Cicimurri & Knight
2019). The taxon is also present in the middle Eo-
cene (Lutetian-Bartonian) Lisbon Formation and
Bartonian Gosport Sand of Alabama (Ebersole et
al. 2019) and the Bartonian (NP17) Moodys Branch
Formation of Louisiana (Ebersole & Cicimurti
2025).
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Ginglymostomatidae
gen. et sp. indet.
Fig, 58T

Material: One tooth, SC2018.7.74.

Description. The tooth measures 5 mm in
mesio-distal width, but its total height is unknown
due to apical crown loss through 77 vive use. In pro-
file view, the crown is divided into labial and lingual
faces by a transverse crest. The lingual face is rather
narrow except for a medial elongation that extends
onto the root. The labial face is expansive, with the
thickened and very convex crown foot overhanging
the root. Although much of the apical part of the
crown is not preserved, the labial face has a weakly
sinuous profile. The crown enameloid is smooth. In
labial view, two very weak cusplets are visible on the
mesial side of the transverse crest, whereas three
slightly larger cusplets occur on the distal side. The
labial crown foot is drawn out into a very convex
apron.

Remarks. The crown and root of the speci-
men are incompletely preserved, the former appar-
ently through 7z vivo wear (Fig. 5T) and the latter
due to postmortem ablation (Fig. 5S), hampering
our ability to accurately identify the tooth. Howev-
er, it is comparable in size to a tooth of IN. zhielens:
(see above) that bears five distinct pairs of lateral
cusplets. It is possible that specimen SC2018.7.74
represents a very poorly preserved IN. #hielensi tooth,
but it could be attributed to Ginglymostoma based on
the lesser number and smaller size of observable
lateral cusplets. Additional specimens are necessary
to confirm the presence of the latter taxon in the
Tupelo Bay Formation.

Family Brachaeluridae Applegate, 1972
Genus Eostegostoma Herman, 1977

Eostegostoma angustum (Nolf & Taverne in
Herman, 1977)
Fig, 5U-X

1996 Palacorhincodon wardi Herman, 1977 — Case et al., pl. 11, figs.
204-208.

Material: One tooth, SC2021.26.1.

Description. This tooth measures slightly
over 4.5 mm in apico-basal height. The crown of

this narrow tooth consists of a tall and triangular
main cusp that is flanked by a single pair of small
lateral cusplets (Fig. 5W). The main cusp appears
conical due to convex labial and lingual faces, al-
though a weak cutting edge divides the cusp into
a rather thin labial face and much more extensive
lingual face (Fig. 5U). In profile view, the cusp is
lingually curved. The cusplets are roughly conical
and located very low on the main cusp. There is a
conspicuous labial crown protuberance that extends
below the base of the root. In profile view, the root
is low but in basal view it has a sub-triangular out-
line and is perforated by a large centrally located
nutritive foramen (Fig. 5X). Additional foramina
are located on the upper root surface behind the
cusplets, and a single foramen occurs at the lingual-
most margin of the root (Fig. 5V).

Remarks. The Tupelo Bay Formation Eo-
stegostoma tooth is easily separated from those of
Nebrius thielensi by being mesio-distally compressed,
having only a single pair of lateral cusplets occur-
ring very low on the main cusp, and having a much
narrower labial crown projection. These features
also clearly distinguish Eostegostoma from the Gin-
glymostomatidae indet. tooth described above.

Eostegostoma angustum has been reported (al-
though not always illustrated) from the middle Eo-
cene of Europe, including Belgium (Herman 1977;
Taverne & Nolf 1978; Van den Eeckhaut & De
Schutter 2009), the Netherlands (Bor 1985), France
(Adnet 2006b; Adnet et al. 2008) and England (Ward
1980; Kemp et al. 1990; Bone et al. 1991), and the
genus has been identified in the middle Eocene of
Egypt (see Underwood et al. 2011). The species also
occurs in middle Eocene deposits of Uzbekistan,
where it was identified by Case et al. (19906) as Pa/-
aceorhincodon wardi Herman, 1977.

Specimen SC2021.26.1 represents only the
second record of the genus in North America,
where it is unknown from Eocene strata elsewhere
in the Atlantic Coastal Plain, like the Castle Hayne
Limestone (Lutetian) of North Carolina (Case &
Borodin 2000b) and Clinchfield Formation (Barto-
nian) of Georgia (Parmley & Cicimurri 2003). In-
terestingly, Ebersole et al. (2024) provided the first
North American record of Eostegostoma sp. based on
a tooth from the basal Oligocene (early Rupelian)
of Alabama. That specimen was recovered from
the Red Bluff Clay, a lithostratigraphic unit that im-
mediately overlies the upper Eocene (Priabonian)
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Yazoo Clay, and both units are temporally younger
than those that have previously yielded Eostegostoma
teeth (see Cappetta 2012). Elsewhere in the Gulf
Coastal Plain, the species is unknown from the well-
documented middle Eocene elasmobranch assem-
blages in the Tallahatta and Lisbon formations and
Gosport Sand of Alabama (Cappetta & Case 2010;
Ebersole et al. 2019; Maisch et al. 2014) and was not
encountered in Louisiana in temporally equivalent
deposits like the Cook Mountain, Cockfield, and
Moodys Branch formations (Cicimurri & Ebersole
2021; Ebersole & Cicimurri 2025).

Order Lamniformes Berg, 1958
Family Otodontidae Glickman, 1964
Genus Otodus Agassiz, 1843

Otodus (Carcharocles) sokolowi? (Jaekel, 1895)
Figs. 6A—Q

1895 Carcharodon sokolowi — Jackel, p. 8, pl. 8, figs. 1-5.

1981 Procarcharodon anriculatus (Blainville, 1818) — Case, p. 56-57, pl.
2, figs. 1-2.

1942 Carcharodon anriculatus vax. sokolowi (Jackel, 1895) — Leriche, p.
4647, pl. 3, figs. 1-4

1986 Carcharodon anriculatns (Blainville, 1818) — Manning & Stand-
hardt, p. 143, fig. 2.4; Dockery & Manning, pls. 1-2.

2003 Carcharocles angustidens (Agassiz, 1843) — Parmley & Cicimurri,
p. 165-166, fig. 4C.

Material: 8 teeth, including SC86.56.1, SC86.59.3 (Fig. 6F—
H), SC2018.7.1 (Fig. 6D-E), SC2018.7.150 (Fig. 61-K), SC2018.7.152
(Fig. 6A-C), SC2022.27.41, SC2022.27.42 (Fig. 6L-N), SC2022.27.43

(Fig. 60-Q).

Description. The teeth consist of a broad-
ly triangular crown and massive bilobed root. The
crown is comprised of the main cusp and a single
pair of lateral cusplets. Of the available specimens,
the crown of each is distally inclined albeit to vary-
ing degrees. The labial faces are flat to weakly
convex, whereas the lingual faces are highly con-
vex. The crown enameloid is smooth. The lateral
cusplets are generally triangular but they can be
broad-based or narrow, high or low, and well-sepa-
rated from, or closely connected to, the main cusp.
The cutting edges are coarsely serrated and continu-
ous across the cusplets and main cusp. The serra-
tion density and complexity varies, even along the
same cutting edge. The serrations on the cusplets
are often compound and can be large enough to re-
semble additional lateral cusplets. The bilobate root
includes moderately elongated, diverging lobes that
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have rounded basal margins. There is a robust lin-
gual boss that may be perforated by one or more
nutritive foramina. The interlobe area is U-shaped.
Remarks. We believe that our small sample
of eight teeth reflects monognathic and dignath-
ic heterodonty within a single taxon. Specimen
SC2018.7.150, for example, is an upper left anterior
tooth based on its broad-based crown and symmetri-
cal appearance (Fig. 61-]). Specimen SC2018.7.152
is a tooth with a broad-based and distally inclined
crown that represents an upper left lateral file (Fig
6B-C). Tooth SC2022.27.42 is a small postero-lat-
eral tooth (Fig. 6L.-M), and the narrowness of the
crown indicates it is from a lower jaw file. Specimen
SC2022.27.43 is an unusual tooth in that it is very
small, has a simple but broadly triangular crown
with a pair of diminutive lateral cusplets, and an
asymmetrical root (i.e., the distal lobe is more elon-
gated than the mesial one). This tooth morphology
(Fig. 60—Q) may represent a distal upper right pos-
terior tooth (see also Case 1981; pl. 1, fig. 4).
Accurate identification of Ozodus (Carcharocles)
teeth is hampered by the numerous nominal species
that have been named (see Applegate & Espinosa-
Arrubarrena 1996), which are often based on a lim-
ited sample size that may not capture the full range
of intraspecific variation. Within Ozodus (Carcharo-
¢les), two middle-to-upper Eocene species are most
often reported in the literature, including O. (C.) au-
riculatus (Blainville, 1818) and O. (C.) sokolowi Jaekel,
1895. A third species, O. (C.) poseidoni Zhelezko &
Kozlov, 1999, has been named but does not seem
to be widely recognized. Several chronological sub-
species were named by Zhelezko & Kozlov (1999)
to account for the morphological variation they ob-
served among the three species, and ancestor-de-
scendent relationships were suggested, from O. (C.)
anriculatus (Lutetian) to O. (C.) poseidoni (Bartonian)
to O. (C.) sokolowi (Priabonian) (see also Applegate
& Espinosa-Arrubarrena, 1996). However, Dock-
ery & Manning (1986) believed that O. (C.) sokolowi
and the Oligocene taxon, O. (C.) angustidens, were
conspecific with O. (C.) auriculatus. Although typi-
cally stratigraphically/temporally separated, O. (C.)
anriculatus and O. (C.) sokolowi have been reported as
coeval (i.e., Diedrich 2013; Popov et al. 2025), indi-
cating that two contemporaneous very large shark
taxa with similar dentitions were competing for sim-
ilar resources. Alternatively, the apparent contem-
poraneous occurrence reinforces the phenomenon
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Fig. 6 - Lamniform sharks from the Tupelo Bay Formation. A-Q) Otodus (Carcharocles) sokolowi?, tooth (A-C), SC2018.7.152, in mesial (A),
lingual (B), and labial (C) views; lateral tooth (D-E), SC2018.7.1, in labial (D), and lingual (E) views; lateral tooth, SC86.59.3 (F-H), in
labial (F), lingual (G), and mesial (H) views; anterior tooth (I-K), SC2018.7.150, in labial (I), lingual (J), and mesial (K) views; postero-
lateral tooth (I.-N), SC2020.27.42, in labial (L), lingual (M), and mesial (N) views; posterior(?) tooth (O-Q), SC2022.27.43, in labial (O),
lingual (P), and mesial (Q) views. R-DD) Anomotodon novus, lower right fourth anterior tooth (R-T), SC2015.59.20, in lingual (R), labial
(S), and mesial (T) views; lower left third anterior tooth (U-W), SC2018.7.86, in lingual (U), labial (V), and mesial (W) views; upper third
anterior tooth (X-Y), SC2018.7.88, in lingual (X), and mesial (Y) views; juvenile lower anterior tooth (Z-AA), SC2018.7.92, in lingual
(Z), and mesial (AA) views; upper left lateral tooth (BB-DD), SC2022.27.90, in lingual (BB), labial (CC), and mesial (DD) views. Scale
bars: 5 mm in R-DD, 1 cm in O-Q, 2 cm in A-L.
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that it is very difficult to distinguish biological spe-
cies based on the morphological variation of their
teeth.

The various species and purported subspecies
are recognized based largely on serration complexi-
ty, along with the narrowness of the main cusp apex
and size and fusion of the cusplets to the main cusp
(i.e., Zhelezko & Kozlov 1999: 154-155). Although
the serration size of the Tupelo Bay Formation
specimens appears to be smaller, the serration den-
sity is greater compared to teeth identified as O. (C.)
anriculatus from the Lutetian of Kazakhstan (Zhe-
lezko & Kozlov 1999) and Lede Sand of Belgium
(NP15) (Herman et al. 2000; Van den Eeckhaut &
De Schutter 2009) and similar to Lutetian material
from Russia (Popov et al. 2025). Specimens from
the “lower” Lisbon Formation (NP15) of Alabama
(Ehret & Ebersole 2014; Ebersole et al. 2019) are
comparable to those from the Lede Sand.

On the Tupelo Bay Formation teeth, serra-
tions can be narrow and have closely spaced apices,
broad-based with widely separated apices, or com-
binations of the two. This variation occurs not only
among the eight teeth (compare Fig. 6G to 6M) but
also between the mesial and distal sides of the same
crown (i.e., Fig. 6C) and even along the same cutting
edge (i.e, Fig. 6D). Although the apices of most
of the Tupelo Bay Formation teeth are damaged,
this area appears to be rather broad and the cutting
edges convex (i.e., Fig. 6B & 6E), comparable to
Zhelezko & Kozlov’s (1999: 154-155) concept of
O. (C.) sokolowi. However, one specimen has a nar-
rower main cusp apex with less convex edges (i.e.,
Fig. 6 G), more in line with their O. (C.) poseidon:.
The serration patterns and lateral cusplet morphol-
ogy of the Tupelo Bay Formation specimens are
more consistent with O. (C.) sokolow: as outlined by
Zhelezko & Kozlov (1999), and we tentatively as-
sign the South Carolina material to this species.

In addition to the occurrence in Kazakhstan
(Zhelezko & Kozlov 1999), other global records at-
tributed to O. (C.) sokolow: include Ukraine (Jaekel,
1895), Uzbekistan (Case et al. 1996; Malyshkina &
Ward 2016), Jordan (Mustafa & Zalmout 2002), Eu-
rope (i.e., Trif et al. 2021; Popov et al. 2025), and
northern Africa (i.e., Case & Cappetta 1990; Adnet
et al. 2010; Underwood et al. 2011; Zalat et al. 2017;
Zoubhri et al. 2021). The species is an uncommon
component of the Clinchfield Formation paleofau-
na of Georgia (Parmley & Cicimurri 2003), and of
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two Clinchfield Formation teeth we examined, one
is a massive upper anterior tooth with diminutive
lateral cusplets and serrations that are unevenly de-
veloped (SC2004.34.7). The serrae are generally well
differentiated, although serration size varies from
rather small to very large within the span of one
centimeter of length, and the larger serrations are
often incompletely subdivided into smaller serra-
tions. However, the other specimen (SC2004.34.8)
is an upper right lateral tooth with rather evenly
and regularly serrated cutting edges, and the main
cusp apex is rather wide and biconvex. The tooth is
comparable to Tupelo Bay Formation teeth shown
in Figure 6D-E and 6F-H, including the serration
size and density on the lateral cusplets. The Clinch-
field Formation teeth are perhaps slightly older than
those from the Tupelo Bay Formation, but the mot-
phologies appear to be conspecific.

Freile et al. (2001) reported O. (C.) auricula-
tus from Georgia, but they confusingly cited the
stratigraphic provenience as the Riggins Mill Mem-
ber of the Twiggs Clay Formation. However, the
Riggins Mill Member is part of the Clinchfield
Formation, and the Twiggs Clay Member is part
of the superjacent Dry Branch Formation. Based
on geographic provenience, the fossils in question
were derived from the Clinchfield Formation, as
this unit immediately underlies unfossiliferous sand
of the Dry Branch Formation (DJC personal ob-
servation). Freile et al. (2001) identified an upper
left lateral tooth (fig. 1 C) as O. (C.) auriculatus that
was purportedly collected from the Santee Lime-
stone of South Carolina. This tooth is comparable
to SC2018.7.152 (Fig. 6A—C), and it is possible that
the former specimen was collected from strata now
recognized as the Tupelo Bay Formation (the geo-
graphic provenience of the fossil is unclear). Case
(1981) identified specimens from the Ocala Lime-
stone and Dry Branch Formation of Georgia as
O. (C.) auriculatus, but the material was later identi-
fied as O. (C.) sokolowi by Cappetta & Case (1990).
Cicimurri & Knight (2019) did not recover teeth of
the subgenus from coastal sands of the Dry Branch
Formation in South Carolina.

Teeth like those from the Tupelo Bay Forma-
tion were reported from the Yazoo Clay (Priabonian)
of Alabama (Leriche 1942; Ehret & Ebersole 2014),
Mississippi (Dockery & Manning 1986), and Loui-
siana (Manning & Standhardt 1986). Similar speci-
mens have also been documented from the Moodys
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Branch Formation (late Bartonian) of Alabama and
Mississippi (Dockery & Manning 1986; Ebersole &
Cicimurri 2025), and additional teeth were noted in
the Gosport Sand (Bartonian) of Alabama (Eber-
sole et al. 2019). Unfortunately, these records are of-
ten based on relatively few, sometimes incompletely
preserved specimens, and additional investigations
into the units yielding the fossils are necessary to
help elucidate the species they represent.

Family Mitsukurinidae Jordan, 1888
Genus Anomotodon Arambourg, 1952

Anomotodon novus (Winkler, 1874)
Fig. 5SR-DD

Material: 31 teeth, including: SC2001.109.2, SC2015.59.20
(Fig  G6R-T), SC2015.59.21 (4 specimens), SC2015.59.22,
$C2015.59.23, SC2015.59.24 (2 specimens), SC2018.7.5, SC2018.7.6,
SC2018.7.85, SC2018.7.86 (Fig. 6U-W), SC2018.7.87, SC2018.7.88
(Fig 6X-Y), SC2018.7.89, SC2018.7.90, SC2018.7.91, SC2018.7.92
(Fig. 6Z—AA), SC2018.7.93, SC2018.7.94, SC2018.7.95, SC2018.7.96,
$C202227.90 (Fig 6BB-DD), S$C2022.27.91, $C2022.27.92,
$C2022.27.93, $C2022.27.94, $C2022.27.95, SC2022.27.96.

Description. Teeth are variable in shape,
but all generally consist of a triangular crown and
root. The crown ranges from very narrow and tall
to broadly triangular, with development of lateral
shoulders that extend onto the root lobes. The cut-
ting edges are smooth and continuous across the
main cusp, and they extend basally onto the lateral
shoulders. The lingual face is moderately to strongly
convex and ranges from smooth to ornamented
with fine vertical ridges. In contrast, the labial face
varies from smooth and flat to weakly convex. The
root is bilobate, with lobes ranging from narrow
and elongated to short and sub-rectangular. The
lobes are separated by a V-shaped or U-shaped in-
terlobe area, and there is a distinctive lingual nutri-
tive groove.

Remarks. This goblin shark species exhibits
monognathic heterodonty, with anterior teeth hav-
ing a relatively narrow and sinuous main cusp (L.e.,
Fig. 6R-S), and lateral teeth a broader, flatter main
cusp with elongated lateral shoulders (Fig. 6BB—
DD). The anterior teeth have elongated and rather
narrowly spaced root lobes (i.e., Fig. 6—V), whereas
lateral teeth have shorter, somewhat rectangular,
and strongly diverging lobes (Fig. 6CC). Addition-
ally, the cusp inclination increases but overall height
decreases towards the commissure. Dignathic het-

erodonty appears to be expressed in the form of
distally inclined upper lateral teeth but rather erect
lower lateral teeth. Additionally, upper anterior teeth
have shorter but more diverging lobes compared to
lower anterior teeth (compare Fig. 6R to 6U). On-
togenetic heterodonty appears to be expressed as a
difference in overall tooth size and robustness with-
in tooth files, as juvenile teeth are essentially smaller
and more gracile versions of adult teeth (compare
Fig. 6Z-AA to 6U-W). Specimen SC2001.109.2
was recovered from matrix surrounding a partial
rostrum of Pristis sp. (SC2001.109.1).

Anomotodon novus is easily separated from
all the other lamniform sharks in our sample by
the combination of their gracile morphology, lack
of serrated cutting edges and lateral cusplets, and
presence of lingual crown ornamentation. ~Anonzo-
todon novus differs from the FEocene A. sheppeyensis
Casier, 1966 by its larger overall size, with the larg-
est (upper) anterior tooth in our sample measuring
over 2.5 cm in height. In addition, the crown or-
namentation on the Tupelo Bay Formation speci-
mens is very faint or lacking altogether and the
root lobe extremities of lateral teeth are pointed.
In contrast, the lobe extremities on A. sheppeyensis
appear to be more rounded (Casier 1966; Cappetta
1976). Another Eocene taxon, A. mulitidenticulatus
Long, 1992, exhibits conspicuous lateral cusplets,
whereas the heels of 4. novus lack these structures.
It is possible that A. sheppeyensis and A. novus tem-
porally overlapped, as the former was identified in
the lower-to-middle Eocene of Denmark (Catlsen
& Cuny 2014) and the latter in the middle Eocene
of Belgium (Van den Eekhaut & DeSchutter 2009).
Rodriguez et al. (2023) recently reported A. novus
in upper Paleocene (Thanetian) deposits of Chile.
Incomplete teeth from the Bartonian Gosport Sand
of Alabama may represent A. novus (Ebersole et al.
2019).

Genus Striatolamia Glickman, 1964

Striatolamia macrota (Agassiz, 1843)
Fig, 7A—Q

1843 Otodus macrotus — Agassiz, p. 273, pls. 27-28.
1956 Odontaspis macrota — White, p. 147—-148.
1968 Striatolamia macrota — Applegate, p. 32-306, pls. 1-3.

Material: 22 teeth, including: SC2015.59.15, SC2015.59.16
(2 specimens), SC2015.59.17 (Fig. 7A-B), SC2015.59.41,
SC2015.59.42, SC2018.7.4, SC2018.7.75, SC2018.7.76, SC2018.7.78,
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SC2018.7.148, SC2018.7.149, SC2022.27.97, SC2022.27.98 (Fig.
7C-E), §C2022.27.99 (Fig. 7F-H), SC2022.27.100, SC2022.27.101,
SC2022.27.102, SC2022.27.103 (Fig. 71L-N), SC2022.27.104 (Fig
71-K), $C2022.27.105, SC2022.27.106 (Fig. 70-Q).

Description. The largest anterior tooth in
our sample reaches 5.5 cm in total height. Anterior
teeth have a tall and very narrow main cusp that
is erect to slightly distally curving. The labial face
is smooth and rather flat, whereas the lingual face
is very convex and ornamented with longitudi-
nal ridges of varying robustness. These ridges can
extend to three-fourths of the crown height. The
cutting edges are smooth and sub-parallel and usu-
ally do not reach the base of the main cusp. Lateral
cusplets may not be present, but generally there is
a single diminutive pair that are sub-conical, diverg-
ing, and separated from the main cusp by an ex-
panse of dentine. Distal lateral teeth have a larger
pair of lateral cusplets with smooth cutting edges
and bi-convex faces that are separated from the
main cusp by a deep notch. The cusplets may be of
equal size, but the distal cusplet is often larger than
the mesial one. The bilobate root exhibits elongated
and divergent lobes, with the mesial lobe being nar-
rower and more elongated than the distal lobe. The
interlobe area can be V-shaped or U-shaped, and a
large lingual boss is bisected by a conspicuous nutri-
tive groove.

Lateral teeth have a shorter, broader, and la-
bio-lingually thinner main cusp compared to ante-
rior teeth. Lingual ornamentation is also less robust.
The crown may be erect or distally inclined, and the
smooth cutting edges extend to the base of the lat-
eral cusplets. The single pair of cusplets is separated
from the main cusp by a deep notch. The cusplets
are generally biconvex and have smooth cutting
edges, and the distal cusplet is often larger than the
mesial cusplet. Both cusplets are broader, lower,
and less pointed than those on anterior teeth. The
bilobate root has rather short, highly diverging, sub-
rectangular lobes with rounded or pointed extremi-
ties. The interlobe area is shallow and V-shaped or
U-shaped, and the lingual nutritive groove is narrow
and elongated.

Remarks. S#iatolamia exhibits monognathic
and dignathic heterodonty, with the upper and low-
er dentitions bearing anterior and lateral tooth files.
Anterior teeth are tall and narrow with incomplete
cutting edges (i.e., Fig. 7I-K) and robust lingual or-
namentation (Fig. 7M). A single pair of diminutive
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lateral cusplets is generally present but they may be
lacking altogether (compare Fig. 7R to 7L). Addi-
tionally, the root lobes are narrow, elongated, and
separated by a narrow interlobe area (i.e., Fig. 7] &
7M). In contrast, lateral teeth are broader (mesio-
distally), flatter (labio-lingually), have reduced orna-
mentation, a single pair of large lateral cusplets, and
shorter sub-rectangular root lobes that are highly
diverging (Fig. 7F—G). Additionally, the cusp size
decreases towards the commissure. The upper an-
terior teeth have shorter and more widely separated
lobes compared to lower anterior teeth (compare
Fig. 7C & 7P to 7]). The upper lateral teeth are
distally inclined (Fig. 7F—G), whereas lower lateral
teeth are more vertical. Upper lateral teeth become
more distally inclined to curved towards the com-
missure. Ontogenetic heterodonty is also apparent,
as smaller teeth from the various jaw positions are
more gracile than their larger, presumably adult
counterparts, and smaller anterior teeth often lack
lateral cusplets (compare Fig, 7I-K and 7L-N).
Cunningham (2000) reconstructed the den-
tition of Stuatolamia macrota based on that of the
extant Carcharias taurus Rafinesque, 1810 and sub-
sequently assigned Stratolamia to Odontaspididae.
Prior to this work, Siverson (1995) hesitantly placed
the genus into Mitsukurinidae, a ranking that was
followed by Cappetta & Nolf (2005) and Ebersole
et al. (2019) based on the apparent absence of in-
termediate tooth files. However, Malyshkina (2021)
described a new species, Stratolamia tchelfearnurensis,
and placed the genus in Carchariidae following Ad-
olfssen & Ward (2013), who supported Cunning-
ham’s (2000) reconstructed dental similarity to C.
taurus Rafinesque, 1810 (Carchariidae sensu Stone &
Shimada, 2019). Malyshkina’s (2021) reconstructed
dentition for S. #helkarnurensis is based on a par-
tial associated dentition, which unfortunately does
not preserve the tooth morphologies that would
support her taxonomic assignment. Although the
dentition of both Mitsukurina and Carcharias taurus
possess three upper and four lower anterior files, a
distinctive (upper) intermediate file is absent in the
former (Mitsukurinidae) and usually present in the
latter (Carchariidae). Ebersole et al. (2019) reported
a sample of more than 2,100 S. wmacrota teeth from
Alabama that did not include intermediate teeth.
Additionally, other shark taxa possibly having inter-
mediate teeth occur in the same deposit from which
Cunningham’s (2000) sample was obtained, and it is
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possible that the teeth he included represent non-
Striatolamia taxa. For the purposes of this report, we
continue to place Striatolamia within Mitsukurinidae.

The species Striatolamia  tohelkarnurensis is
based on large teeth from the late Bartonian or early
Priabonian (Late Eocene) of Kazakhstan. Although
anterior teeth are like those from the Tupelo Bay
Formation, the lateral teeth of S. #helkarnurensis dif-
fer by having a much larger and often triangular dis-
tal cusplet, and there is a second, diminutive cusplet.
Striatolamia teeth are easily distinguished from those
of other large lamniform sharks in our Tupelo Bay
Formation sample by their lack of serrated cutting
edges, single pair of lateral cusplets (the distal one
being larger than the mesial one), and conspicuous
labial ornamentation (particularly on anterior teeth).

Kozlov (2001) named Turania based on speci-
mens from the middle Eocene of Kazakhstan, but
Cappetta (2012) questioned the validity of the tax-
on. If considered valid, teeth of Twrania are com-
parable in size to those of juvenile St#iatolamia,
but they differ by having finer lingual crown orna-
mentation, larger lateral cusplets on anterior teeth,
and lateral cusplets on lateral teeth are narrow and
pointed.

Striatolamia macrota was globally widespread
and has been reported from locations in Belgium
(Van den Eeckhaut & De Schutter 2009), Romania
(Trif et al. 2021), Antarctica (Welton & Zinsmeister
1980), Australia (Pledge 1967), Russia (i.e., Popov
et al. 2025) and the USA. It is particularly abundant
in the Lisbon Formation (NP15-16) and Gosport
Sand (NP17) of Alabama (Ebersole et al. 2019)
and occurs in the Cane River Formation (NP10),
Cook Mountain Formation (NP17), and Yazoo Clay
(NP17-NP21) of Louisiana (Ebersole & Cicimurri
2025). The taxon is poorly known from middle-to-
upper Eocene deposits of Georgia, where it is ap-
parently rare in the Clinchfield Formation (Parmley
& Cicimurri 2003).

Family Odontaspididae Miller & Henle, 1839
Genus Brachycarcharias Cappetta & Nolf, 2005

Brachycarcharias twiggsensis (Case, 1981)
Fig. TR—Z

1981 Lamna twiggsensis — Case, p. 58-59, pl. 3, figs. 4-8.

1990 Cretolammna twiggsensis (Case, 1981) — Case & Cappetta, p. 910,
pl. 3, figs. 40-55.

2003 Carcharias aff. koerti (Stromer, 1910) — Parmley & Cicimurri, p.
162, fig. 3 G.

2011 Brachycarcharias aff. twiggsensis (Case, 1981) — Underwood et al.,
p. 52, fig. 4 K-M.

2019 B. nwiggsensis (Case, 1981) — Ebersole et al., p. 4345, fig, 14.

2016 Tethylamna twiggsensis (Case, 1981) — Cappetta & Case, p. 51.

2025 T. nwiggsensis — Abd-Elhameed & Abd-Elhameed, p. 25.

Material: 13 teeth, including: SC2018.7.21, SC2018.7.23,
SC2018.7.78, SC2022.27.67 (Fig. 7X-7), SC2022.27.68 (Fig. 7R—
T), SC2022.27.69, SC2022.27.70, SC2022.27.71, SC2022.27.72,
S§C2022.27.73  (Fig. 7U=W), SC2022.27.74, SC2022.27.75,
S5C2022.27.76.

Description. The teeth reach up to 3 cm in
total height and consist of a massive crown and ro-
bust root. The triangular crown is variable and can
be narrow but labio-lingually thick or broad-based
but labio-lingually thin. The labial crown face is
flat but the lingual crown face ranges from mod-
erately to strongly convex. The crown enameloid is
smooth. The crown is flanked by one or two pairs
of lateral cusplets that are well-separated from the
main cusp. Cusplets may be tall, narrow, sharply
pointed, and medially curved, or broad-based and
triangular. Many teeth exhibit a second pair of di-
minutive cusplets. The root is narrow and bilobate,
but the elongated lobes vary in length and degree
of divergence. There is a robust lingual boss that is
bisected by a narrow nutritive groove.

Remarks. Monognathic heterodonty is evi-
dent in our sample. Anterior teeth have a somewhat
narrow but thick crown that is flanked by a single
pair of needle-like lateral cusplets (Fig. 7U-W),
whereas lateral teeth have a broader crown, two
pairs of broadly triangular lateral cusplets, and
more divergent root lobes (Fig. 7X—Z). The crown
height of lateral teeth decreases but cusp inclination
increases towards the commissure. With respect to
dignathic heterodonty, upper anterior teeth have
shorter but wider root lobes, and upper lateral teeth
are distally inclined compared to specimens from
lower lateral files. Specimen SC2022.27.73 (Fig, 7U—
W) is believed to be a lower right second anterior
tooth due to the medially curved lateral cusplets and
rather elongated root lobes of equal length, features
we observed on C. faurus teeth in this jaw position.
Specimen SC2022.27.67 has long but relatively nar-
row root lobes and a U-shaped interlobe area, and
the main cusp is rather narrow and erect (although
it is apically recurved), features consistent with low-
er lateral teeth of C. faurus. Specimen SC2022.27.68
(Fig. 7R-T) is unusual in that it has a very broad-
based and erect crown and sub-rectangular root
lobes with elongated extremities. As there are two
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Fig. 7 - Lamniform sharks from the Tupelo Bay Formation. A-Q) Striatolamia macrota, juvenile upper left lateral tooth (A-B), SC2015.59.17, in la-
bial (A), and mesial (B) views; upper left third anterior tooth (C-E), SC2022.27.98, in lingual (C), labial (D), and mesial (E) views; upper
right lateral tooth (F-H), SC2022.27.99, in labial (F), lingual (G), and mesial (H) views; lower right anterior tooth (I-K), SC2022.27.104,
in labial (I), lingual (J), and distal (K) views; juvenile lower left anterior tooth (I-N), SC2022.27.103, in labial (L), lingual (M), and mesial
(N) views; upper left second anterior tooth (O-Q)), SC2022.27.105, in labial (O), lingual (P), and mesial (Q) views. R-Z) Brachycarcharias
twiggsensis, tooth (R-T), SC2022.27.68, in labial (R), lingual (S), and mesial (T) views; lower antetior tooth (U-W), SC2022.27.73, in labial
(U), lingual (V), and mesial (W) views; upper right lateral tooth (X-Z), SC2022.27.67, in labial (X), lingual (Y), and mesial (Z) views.
AA-II) Carchariidae, anterior tooth (AA-CC), SC2022.27.63, in labial (AA), lingual (BB), and mesial (CC) views; upper left lateral tooth
(DD-FF), SC2022.27.65, in labial (DD), lingual (EE), and mesial (FF) views; anterior tooth (GG-II), SC2022.27.64, in labial (GG),
lingual (HH), and mesial (II) views. Scale bar: 5 mm in AA-CC & GG-IL, 1 cm in A-Z & DD-FE

pairs of lateral cusplets, the main cusp is slightly
distally inclined, and root lobes are pointed, it likely
represents a lateral position, perhaps one that was
located closer to the symphysis. The very large size
of this tooth could also reflect an adult ontogenetic
stage.

These teeth can be differentiated from those
of other Tupelo Bay Formation lamnoid sharks by
having a broad and robust main cusp (in all tooth
positions), smooth labial and lingual crown faces,
and one (anterior teeth) or two (lateral teeth) pairs
of sharply pointed lateral cusplets. These features
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contrast with the narrow, ornamented teeth of _Ano-
motodon, which lack lateral cusplets. Additionally,
the cutting edges of Ofodus (Carcharocles) teeth are
coarsely serrated. Alpias teeth are much smaller
and lack lateral cusplets. Stratolamia teeth bear con-
spicuous lingual ornamentation and have smaller
lateral cusplets compared to B. fwiggsensis.

The generic assignment of the taxon has
changed several times since it was originally named,
first as Lamna twiggsensis Case, 1981, then as Cre-
talamma twiggsensis by Cappetta & Case (1990), and
later tentatively as Brachycarcharias twiggsensis by Un-
derwood et al. (2011). This latter assignment was
likely proposed due to the close dental similarity to
the type species of Brachycarcharias Cappetta & Nollf,
2005, B. lerichei (Casier, 1946). Cappetta & Case
(2016) more recently placed this morphology into
their new genus, Tethylamna, an assighment refuted
by Ebersole et al. (2019) but supported by Abd-El-
hameed & Abd-Elhameed (2025).

Abd-Elhameed & Abd-Elhameed (2025) uti-
lized quantitative analyses to differentiate between
three species that have been assigned to Brachychar-
charias, including B. atlasi (Arambourg, 1952), B. /feri-
chei (Casier, 1940), and B. #wiggsensis. Abd-Elhameed
& Abd-Elhameed (2025) concluded that the Brach-
carcharias twiggsensis morphology is distinct from that
of B. atlasi and B. lerichei based on larger overall
tooth size and greater breadth. These authors fur-
ther stated that the features distinguishing this mor-
phology as a species also justified its inclusion in
Tethylamna.

Ebersole et al. (2019) refuted assigning the
twiggsensis morphology to Tethylamna based on their
observations of teeth of the type species, T. dunni
Cappetta & Case, 2016. These authors noted that,
although T. dunni teeth have one or two pairs of
lateral cusplets, the primary mesial and distal lateral
cusplet are usually both distally directed. This fea-
ture was noted by Cappetta & Case (2016) and con-
trasts with the cusplet orientation of the B. #wiggsensis
morphology, which Case (1981) stated was “flaring
out in opposite directions from the tooth blade” (p.
59). Furthermore, Ebersole et al. (2019) found that
the distal primary cusplet of . dunni lateral teeth is
often conspicuously larger than the mesial one, a
condition we also observed on S#iatolamia macrota
lateral teeth (see Fig. 7A & 7G). In contrast, the di-
verging primary lateral cusplets on the B. fwiggsensis
teeth do not appreciably differ in size. Of note is

the nature of the lateral cusplets on some B. /eriche:
teeth identified by Cappetta and Nolf (2005: pl. 2),
on which cusplets of both sides are distally directed
(although they are roughly equal in size). One could
therefore argue that the B. /richer morphology be
placed in Tethylamna, but Cappetta & Case (20106)
indicated that the only other distinguishing feature
of Tethylamna is the lack of crown ornamentation,
which may or may not occur on teeth of B. /eriche:.
It is our experience that the presence or absence
of ornamentation is variable among species (in-
traspecific) and within the dentition of a species
(interspecific), and this phenomenon may not be
taxonomically relevant. We maintain the #wiggsensis
morphology within Brachycarcharias following Eb-
ersole et al. (2019), and the taxon is placed with-
in Odontaspididae due to the occurrence of two
cusplet pairs on lateral teeth.

Brachycarcharias twiggsensis occurs within the
entirety of the NP18 portion of the Tupelo Bay
Formation with specimens having been recovered
from the deepest portions of the excavations to just
below the overlying Parkers Ferry Formation (Pri-
abonian, NP19/20). Preliminary investigation of
post-Tupelo Bay Formation deposits at Giant Port-
land Cement and Argos (by DJC) revealed that the
species also occurs in the Parkers Ferry Formation
and erosional remnants that have been attributed
to the Harleyville Formation (NP21; see Weems et
al. 2016). Additional Atlantic Coastal Plain records
include the Clinchfield Formation (Bartonian) and
Dry Branch Formation (Priabonian) of Georgia
(Case 1981; Case & Borodin 2000a; Parmley &
Cicimurri 2003). Within the Gulf Coastal Plain,
Ebersole et al. (2019) documented the taxon in the
Gosport Sand (Bartonian) of Alabama and Eber-
sole & Cicimurri (2025) identified the species in the
Moodys Branch Formation of Louisiana.

Interestingly, teeth that Case & Cappetta
(1990) reported from the Qasr el-Sagha Formation
(Priabonian) of Egypt conform to the B. #wiggsensis
morphology, all of which have diverging cusplets of
equal size. At least one specimen that Underwood
etal. (2011) tentatively referred to B. swiggsensis from
Qasr el-Sagha Formation has both lateral cusplets
distally directed, and the distal one is significantly
larger (i.e., fig. 4K). Zouhri et al. (2021) identified
Tethylamna twiggsensis from the Eocene of Morocco,
including teeth that have both cusplets inclined dis-
tally and the distal cusplet larger than the mesial one
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(i.e., fig. 3C-D). Although Tethylamna appears to oc-
cur in the Tethyan region, previous species attribu-
tions should be reevaluated.

Family Carchariidae Miiller & Henle, 1838

gen. et sp. indet.
Fig, 7TAA-TI

Material: 5 teeth, including: SC2018.7.97, $C2022.27.63
(Fig. 7TAA-CC), SC2022.27.64 (Fig. 7GG-II), $C2022.27.65 (Fig.
7DD-FF), SC2022.27.66.

Description. The teeth measure up to 2 cm
in apico-basal height and slightly more than 2 mm
in mesio-distal width. The teeth vary in shape, with
some specimens having a very narrow main cusp
that is flanked by a single pair of small to moderate-
ly sized lateral cusplets. The labial face of the main
cusp is rather flat, but the lingual face is very con-
vex, and the enameloid is smooth. The mesial and
distal cutting edges are smooth and sub-parallel, and
they do not reach the crown foot. The cusplets are
located close to the main cusp but separated by a
deep notch. The root is bilobate with short, narrow,
slightly diverging lobes that are separated by a U-
shaped interlobe area. A robust lingual boss bears a
conspicuous nutritive groove.

One large tooth has a broad-based main
cusp that is distally inclined and quickly narrows
apically. The labial face is flat, but the lingual face
is moderately convex and the enameloid is smooth.
The cutting edge is smooth and continuous across
the main cusp, but it is damaged apically and at
the crown foot of both sides. One tall and sharp-
ly pointed lateral cusplet is preserved distally, but
three cusplets occur mesially. The bilobate root ex-
hibits rather short, sub-rectangular, highly diverging
lobes separated by a somewhat V-shaped interlobe
area. The mesial lobe is slightly more elongated and
pointed at its extremity compared to the mesial lobe.
There is a conspicuous lingual nutritive groove.

Remarks. Examination of extant C. faurus
dentitions (SC86.62.2 and SC2000.120.6) indicates
that anterior and lateral tooth files are represent-
ed in the Tupelo Bay Formation sample. Anterior
teeth, like SC2022.27.63 and SC2022.27.64 have
a very narrow, erect crown with a sinuous profile,
and the cutting edges do not reach the base of the
main cusp. Specimen SC2022.27.63 (Fig. 7TAA—
CC) 1s a lower anterior tooth based on its sinuous
crown profile and flat labial crown foot, whereas
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SC2022.267.64 (Fig. 7GG-II) is an upper anterior
tooth due to its straighter profile and convex labial
face. An upper lateral tooth (Fig. 7DD-FF) has a
wider and distally inclined main cusp, and more lat-
eral cusplets compared to anterior teeth.

The five specimens available are easily dif-
terentiated from Stratolamiia macrota (see above) by
having smooth lingual crown enameloid. They also
differ from Brachycarcharias twiggsensis (see above)
by having teeth that are smaller in overall size and
narrower main cusps, and the lateral cusplets are
comparatively smaller. A less bulky root with nu-
tritive groove separates these teeth from Isurolamna
(see below). Our small sample size is not morpho-
logically diverse enough to allow us to ascertain
if the taxon represents a species of Carcharias or
Mennerotodus, the latter genus having been reported
from the middle Eocene Clinchfield Formation of
Georgia, the Moodys Branch Formation of Arkan-
sas and Louisiana, and Gosport Sand of Alabama
(Cicimurri et al. 2020; Ebersole & Cicimurri 2025).

Family Lamnidae Muller & Henle, 1838
Genus Macrorhizodus Glickman, 1964

Macrorhizodus praecursor (Leriche, 1905)
Fig. 8A-U

1905 Oxyrhina desori praecursor — Leriche, p. 128.

1942 O. praecursor americana — Leriche, p. 45.

1976 Macrorhizodus praecursor (Leriche, 1905) — Zarkov et al., p. 132

1981 Lsurus oxcyrbynchus Rafinesque, 1810 — Case, p. 8-9, pl. 2, figs.
3-5.

2000a 1. praecursor (Leriche, 1905) — Case & Borodin, p. 8, pl. 1, figs.
8-10.

2000b 1. praecursor (Leriche, 1905) — Case & Borodin, p. 26, pl. 3,
figs. 21-26.

2003 I. praecursor (Leriche, 1905) — Parmley & Cicimurri, p. 165, fig.
4 A-B.

2002 Cosmapolitodus praecursor (Leriche, 1905) — Mustafa & Zalmout,
p. 82.

2019 M. praecursor (Leriche, 1905) — Ebersole et al., p. 5658, fig. 20.

Material: 21 teeth, including: SC2015.59.18 (2 specimens),
SC2015.59.19, SC2018.7.2, SC2018.7.3, SC2018.7.80, SC2018.7.81,
SC2018.7.82,5C2018.7.83,SC2018.7.84 (2 specimens), SC2022.27.44
(Fig. 8A—C), SC2022.27.45 (Fig. 8D-F), SC2022.27.46 (Fig. 8J-L),
S$C2022.27.47 (Fig. 8G-I), SC2022.27.48 (Fig. 8P-R), SC2022.27.49,
SC2022.27.50  (Fig. 8M-0O), SC2022.27.51, SC2022.27.52,
$C2022.27.53 (Fig. 85-U).

Description. The teeth are large and attain
sizes greater than 4 cm in apico-basal height. The
crown is triangular and may be mesio-distally narrow
or broad-based, depending on jaw location. Teeth
with narrow crowns are labio-lingually thick, but
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broad-based specimens are labio-lingually narrow.
The cutting edges are sharp, smooth, and continu-
ous across the crown. The labial crown face is flat,
whereas the lingual face is moderately to strongly
convex. The crown enameloid is smooth. The root
is bilobate, with the lobes ranging in morphology
from narrow, elongated and moderately diverg-
ing, to being very short, sub-rectangular and highly
diverging. The interlobe area can be U-shaped or
V-shaped. There is no lingual nutritive groove, but
there are one or more medially located foramina on
a low root boss.

Remarks. The morphological variation we
observed in the Tupelo Bay Formation sample is
attributed, at least in part, to monognathic heter-
odonty. Teeth from anterior files are relatively nar-
row (mesio-distally) and labio-lingually thick with
elongated root lobes (i.e., Fig. 8A—C), whereas those
from lateral files have a broader and labio-lingually
thinner crown with elongated lateral shoulders, and
root lobes are short and sub-rectangular (i.e., Fig.
8P—R). Within lateral files, the crown height de-
creases and cusp inclination increases towards the
commissure (compare Fig. 8Q to 8T). Dignathic
heterodonty is evident in anterior files, where up-
per teeth are broader and have shorter lobes com-
pared to lower anteriors (compare Fig. 8H to 8B).
Within lateral files, upper teeth are more distally
inclined compared to their more vertical lower
counterparts. The same patterns are evident in the
jaws of extant Isurus oxyrynchus Rafinesque, 1810
(8C202.53.11 and MSC 426006) and 1. pawucus Gui-
tart, 1966 (5C2020.53.27) that we examined. Fur-
thermore, SC 2022.27.47 is an upper right first
anterior tooth (Fig. 8J-L), whereas SC2022.27.46
is an upper left second anterior (Fig. 8G—I). The
roughly equal crown height to root height ratio in-
dicates that SC2022.27.53 is from a more posterior
file (Fig. 85—T). Based on the jaws of a juvenile I.
oxcyrynchus (SC86.186.2), ontogenetic heterodonty is
also evident in the Tupelo Bay Formation sample,
but small teeth (juvenile) are essentially smaller and
more gracile versions of their presumed adult coun-
terparts (compare Fig. 8A—C to 8D-F).

Macrorhizodus teeth are characterized by their
large size and robust stature, smooth cutting edges,
lack of lateral cusplets and crown ornamentation,
and lack of a nutritive groove on the lingual root
face. These features serve to separate this taxon
from other lamnoid sharks occurring in the Tupelo

Bay Formation. Leriche (1942) named the subspe-
cies I praecursor americana based on an unknown
number of specimens that were apparently recov-
ered from the Yazoo Clay (Priabonian) of Alabama
and Ashley Formation (Oligocene, Rupelian) of
South Carolina. The specimens he illustrated (pl. 3,
figs. 6—13) are comparable to M. praecursor and in
our opinion the minor differences Leriche (1942)
noted among the mixed sample do not warrant rec-
ognition of a subspecies.

Teeth of M. praecursor occur in the Lutetian of
North Carolina (Case & Borodin 2000b), the Bar-
tonian to Priabonian of Georgia (Case 1981; Case
& Borodin 2000a; Parmley & Cicimurri 2003), and
middle-to-late Eocene of Alabama (Leriche 1942;
Ebersole et al. 2019), and Louisiana (Manning &
Standhardt 1986; McPherson & Manning 1986; Eb-
ersole & Cicimurri 2025). The species has also been
reported in numerous middle-to-upper Eocene
deposits from widely separated geographic locali-
ties, as for example Belgium (Leriche 1905; Van den
Eeckhaut & De Schutter 2009), Romania (Trif et
al. 2019), Ukraine (Kovalchuk et al. 2023), Russia
(Popov et al. 2025), Egypt (Case & Cappetta 1990;
Underwood et al. 2011; Zalat et al. 2017), and Mo-
rocco (Adnet et al. 2010).

Genus Isurolamna Cappetta, 1976

Lsurolamna inflata (Leriche, 1905)
Fig, 8V]

Material: 9 teeth, including: SC2022.27.54 (Fig. 8EE—
GG), SC2022.27.55 (Fig. 8V-X), SC2022.27.56 (Fig. SHH-JJ),
§C2022.27.57, SC2022.27.58, SC2022.27.59, SC2022.27.60 (Fig.
8BB-DD), SC2022.27.61, SC2022.27.62 (Fig. 8Y-AA).

Description. These moderately large teeth
measure up to 2 cm in apico-basal height. The
crown includes a triangular main cusp that is usu-
ally flanked by a single pair of lateral cusplets. The
cusplets vary in size from diminutive to large with
respect to main cusp height. In lingual view, the
cusplets appear to be well separated from the main
cusp, but in labial view the cusplets are united only
to the base of the main cusp. One specimen ex-
hibits two pairs of lateral cusplets, with the second
and more distal pair being smaller than the primary
medial pair. The labial face of the main cusp is flat,
whereas the lingual face is convex to varying de-
grees, and the enameloid is smooth. In profile view,
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Fig. 8 - Lamniform sharks from the Tupelo Bay Formation. A-U) Macrorhizodus praecursor, lower anterior tooth (A-C), SC2022.27.44, in labial
(A), lingual (B), and mesial (C) views; juvenile lower anterior tooth (D-F), SC2022.27.45, in labial (D), lingual (E), and mesial (F) views;
adult upper right second anterior tooth (G-I), SC2022.27.47, in labial (G), lingual (H), and mesial (I) views; juvenile upper left first
anterior tooth (J-L), SC2022.27.46, in labial (J), lingual (K), and mesial (L) views; lower left lateral tooth M-O, SC2022.27.50, in labial
(M), lingual (N), and mesial (O) views; upper right lateral tooth (P-R), SC2022.27.48, in labial (P), lingual (Q), and mesial (R) views;
posterolateral tooth (S-U), SC2022.27.53, in labial (S), lingual (T), and mesial (U) views. V-J]) Isurolamna inflata, upper left lateral tooth
(V-X), §C2022.27.55, in labial (V), lingual (W), and mesial (X) views; lower posterolateral tooth (Y-AA), SC2022.27.62, in labial (Y),
lingual (Z), and mesial (AA) views; lower right lateral tooth (BB-DD), SC2022.27.60, in labial (BB), lingual (CC), and mesial (DD)
views; anterior tooth (EE-GG), SC2022.27.54, in labial (EE), lingual (FF), and mesial (GG) views; upper right lateral tooth (HH-J]),
SC2022.27.56, in labial (HH), lingual (IT), and mesial (JJ) views. Scale bars: 1 cm.

the crown is rather flat, and the smooth cutting
edge is continuous along the main cusp. The lateral
cusplets also bear smooth cutting edges and have
smooth enameloid. The root is bilobate, with the
lobes being rather short and widely diverging, and
the extremities are rounded to somewhat pointed.
A lingual boss bears at least one nutritive foramen.
The interlobe area is broadly V-shaped or U-shaped.

Remarks. The Tupelo Bay Formation Isur-
olamna teeth can be differentiated from those of

Carchariidae and Brachycarcharias by their rather
massive appearance despite small stature and ab-
sence of a lingual nutritive groove. The teeth of
Macrorhizodus lack lateral cusplets and those of
Otodus (Carcharocles) are serrated. Several species
of Lsurolamna are generally reported from Eocene
strata, including 1. affinis (Casier, 1940), 1. bajarunasi
(Glickman & Zhelezko, 1985), and I. inflata. An Oli-
gocene species, 1. gracilis (Le Hon, 1871), has very
small lateral cusplets compared to the Tupelo Bay
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Formation species. Unfortunately, Leriche (1905)
did not adequately describe the tooth morphology of
his new taxon, which he identified as Lamna vincenti
var. /flata. He also did not illustrate specimens, nor
did he designate a type specimen. However, Casier
(1940) later illustrated two lateral teeth that he at least
tentatively assigned to the species (see pl. 2, figs. 4-5),
and one of these was designated as a plesiotype (fig.
5). In the same report, Casier (1946) named the taxon
Odontaspis hopei var. affinis based on an anterior tooth
(pl. 2, fig. 11b—c), and Casier (1960) later assigned nu-
merous anterior teeth and some lateral teeth to this
species (pl. 5, figs.7—14). This species was ultimately
assigned to the genus Isurolamma by Cappetta (1976).

Cappetta (1976) erected the genus Lsurolammna
and considered it to be monospecific, including only
L affinis (Casier, 1946). Although Cappetta (1976) did
not discuss the 1. znflata morphology, two teeth that
he regarded as upper laterals of 1. affinis (pl. 2, figs.
3—4) are comparable to the L. /nflata teeth shown by
Casier (1946: pl. 2, figs. 4-5). Cappetta (1976) also
showed anterior teeth (pl. 2, figs. 5-6) that are consis-
tent with the specimen identified as O. /. aff. affinis by
Casier (1946; pl. 2, fig. 11). Two additional specimens
Cappetta (1976: pl. 2, figs. 7-8) identified as lower
lateral teeth have a rather broad main cusp and broad
cusplets in comparison to the “upper” teeth. Both
morphologies are contained within the Tupleo Bay
sample, and this variation is consistent with the range
of L affinis teeth presented by Van den Eeckhaut &
Deschutter (2009: pl. 3). Interestingly, Casier (1966)
assigned lateral teeth to L. affinis (pl. 5, figs. 12 & 14)
that are similar to teeth he identified in 1946 as L.
inflata.

Because Leriche (1905) never designated a type
specimen and did not illustrate any specimens of his
L. inflata species, one could argue that the taxon is a
nomen dubinm. However, if one considers the speci-
mens discussed by Casier (1946), and assumes that
those specimens are congruent with Leriche’s (1905)
concept of the species, Casier’s (1946) designation
of a plesiotype could validate the species. Further-
more, it is entirely possible that the anterior tooth of
Casier’s (1946) O. h. affinis morphology is conspecific
with the lateral morphologies he ascribes to the L.
inflata species, which is supported by the material
documented by Cappetta (1976), Van den Eeckhaut
& Deschutter (2009), and by the Tupelo Bay Forma-
tion sample. The senior name would therefore be 1.
inflata (Leriche, 1905) and is utilized herein.
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With respect to 1. bajarunasi, the Tupelo Bay
Formation specimens generally compare well to
the species as illustrated by Popov et al. (2025: fig.
6A—C). For example, a lower lateral tooth (fig. 6C)
is virtually identical to the specimen we show in
our Figure 8Y-Z, and an upper lateral tooth (fig.
6B) differs from the Tupelo Bay Formation speci-
men shown in Figure 8V-X only in that the lateral
cusplets are larger and more closely connected to
the main cusp. One significant difference concerns
the anterior teeth, as the Tupleo Bay Formation
specimen (Fig. SEE—-GG) has diminutive cusplets
that are closely united to the base of the main
cusp, whereas I bajarunasi shown by Popov et al.
(2025: fig. 6A) has conspicuously larger and conical
cusplets that are well-separated from the main cusp.
Lateral cusplets are pootly developed or absent al-
together on I inflata anterior teeth (see references
noted above) and the phenomenon is regarded as a
distinguishing feature of this species.

As noted above, Isurolammna inflata exhibits
monognathic and dignathic heterodonty, with teeth
varying in shape along a functional row (monog-
nathic) and between the upper and lower jaws (dig-
nathic). Specimen SC2022.27.54 is regarded as an
anterior tooth (Fig. SEE-GG) based on its erect
and mesio-distally narrow crown, and the lateral
cusplets are diminutive. Lateral teeth have a broader
and labio-lingually thinner crown compared to ante-
rior teeth. Upper lateral teeth are distinguished from
lowers by their more inclined versus erect main cusp
(compare Figs. 8V & 8HH to 8BB). Although both
upper and lower lateral teeth can have two pairs of
lateral cusplets (see Van den Eeckhaut & De Schut-
ter 2009; Cappetta 2012), specimen SC2022.27.62
is regarded as a lower anterior tooth due to its erect
main cusp (Fig. 8Y—AA). The species was geo-
graphically widely distributed during the middle
Eocene and is known from numerous localities
in Europe, including Belgium (Van den Eeckhaut
& De Schutter 2009), Denmark (Carlsen & Cuny
2014) and England (Cappetta, 1976). This taxon is
also known from Uzbekistan in Asia (Malyshkina &
Ward 2016). Although the species has been reported
from the middle Eocene of Ukraine (Kovalchuck
et al. 2023), the specimens shown (fig. 5 M-S) are
more like Anomotodon. To our knowledge, the only
other North American record of I inflata is from
the “lower” Lisbon Formation (Lutetian, NP15) of
Alabama (Cappetta & Case 2016).
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Family Alopiidae Bonaparte, 1838
Genus Algpias Rafinesque, 1810

Alopias cf. alabamensis (White, 1956)
Fig. 9

Material examined: 15 teeth, including: SC2018.7.79
(Fig. 9V-X), SC2022.27.77 (Fig. 9S-U), SC2022.27.78 (Fig. 9A-C),
SC2022.27.79 (Fig. 9G-H), SC2022.27.80 (Fig. 9J-L), SC2022.27.81
(Fig. IM-0), SC2022.27.82, SC2022.27.83 (Fig. 9P-R), SC2022.27.84
(Fig. 9D-F), $§C2022.27.85 (Fig. 9BB-DD), $C2022.27.86 (Fig. 9Y—
AA), SC2024.17.1, SC2024.17.2, SC2024.17.3, SC2024.17 .4.

Description. The teeth measure up to 1.5
cm in apico-basal height and 1.5 cm in mesio-distal
width and consist of a triangular crown and bilo-
bate root. The crown ranges from relatively narrow
and erect (and nearly symmetrical) to broad-based
and distally recurved, and it is divided into labial and
lingual parts by mesial and distal cutting edges. Both
crown faces are smooth, but the labial face is vit-
tually flat, and the lingual face is very convex. The
cutting edges are smooth, continuous, and may be
formed basally into elongated heels. On some teeth
the cutting edges are convex and of equal length,
but more often the mesial edge is convex and elon-
gated, whereas the distal edge is shorter and weakly
to highly convex. The bilobed root is thick, particu-
larly on the lingual side below the crown where an
indistinct nutritive groove is located. Root lobes are
moderately elongated, generally rounded at their
distal extremities, and separated by a wide and deep
U-shaped interlobe area.

Remarks. Several Focene species of _A/pias
have been named, including A. Jecensis Ward, 1978
that has a much lower main cusp with rounded
apex, and more elongated root lobes compared to
the Tupelo Bay Formation taxon. Teeth of A. ¢ro-
chardi Ward, 1978 differ by their smaller overall size,
narrower crown with convex mesial cutting edge,
narrower root lobes, and presence of a deep lin-
gual nutritive groove. Alopias denticulatus Cappetta,
1981 teeth have a much narrower and more erect
main cusp, elongated lateral crown shoulders bear-
ing minute cusplets, more elongated root lobes,
and a lingual nutritive groove. Teeth of _A. hermani
Zhelezko & Kozlov, 1999 from the Priabonian of
Kazakhstan are distinguished from the Tupelo Bay
Formation specimens by their narrower but taller
crown (particularly on lateral teeth), more deeply
concave distal margin, and higher distal heel.
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White (1956) named the subspecies Alpias
latidens alabamensis based on teeth from Jacksonian
deposits of Alabama. His site information and the
preservation of the specimens he examined indicate
that the fossils were derived from the Priabonian
Yazoo Clay (although it is unclear from which
member). The subspecies was later elevated to spe-
cies status by Case & Cappetta (1990) when they
tentatively referred their Egyptian alopiid teeth to
A. alabamensis, despite pointing out the insufficient
differential diagnosis and low-quality illustrations
provided by White (1956). More recent reports of
A. alabamensis from Egypt and Morocco appear to
have followed Case & Cappetta (1990) (i.e., Adnet
et al. 2010; Underwood et al. 2011; Zalmout et al.
2012; Asan et al. 2022).

White’s (1956) hypodigm of A. alabamensis in-
cludes nine specimens, all of which were figured as
line drawings (figs. 28—32) but only two are shown in
photographs (pl. 11, figs. 5-6), including the holo-
type NHMUK P30853-1. Although White’s (1956)
specimens are etched by plant roots-, photographs
provided by the NHMUK show that most are com-
parable to the South Carolina material in terms of
overall size, crown width and height, length and
shape of the mesial cutting edge, and transition
from distal cutting edge to distal heel. Slight dif-
ferences include the lingual nutritive groove being
more conspicuous on the Alabama specimens, and
the cusp width of the South Carolina specimens ap-
pearing to be greater. One tooth shown by White
(1956; fig. 32) is an upper lateral tooth of Negaprion
gilmorei and not _Alopias.

The overall tooth morphology and apparent
dental heterodonty of the Tupelo Bay Formation
Alopias are comparable to the condition of the ex-
tant Common Thresher Shark, .A. vulpinus (Bon-
naterre, 1788), as we observed with SC2015.30.1.
Based on that specimen, the Eocene dentition in-
cluded anterior and lateral positions, with anterior
teeth (i.e., Fig. 9A, 9D, 9M) being narrower and
more erect than lateral teeth. Within lateral files,
the tooth crowns have a very elongated, sinuous to
convex mesial edge and a conspicuous distal heel
(i.e., Fig. 9G, 9], 9BB). Crown height appears to de-
crease but crown width increases towards the com-
missure. Additionally, the root lobes of anterior
teeth are less diverging than those on lateral teeth
(compare Fig. 9B to 9K). We measured the crown
width and height of the Tupelo Bay Formation
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Fig. 9 - Alopias cf. alabamensis from the Tupelo Bay Formation. A-C) upper left anterior tooth, SC2022.27.78, in labial (A), lingual (B), and distal
(C) views; lower? right lateral tooth (D-F), SC2022.27.84, in labial (D), lingual (E), and mesial (F) views; upper right lateral tooth (G-I),
S$C2022.27.79, in labial (G), lingual (H), and mesial (I) views; upper right posterolateral tooth (J-L), SC2022.27.80, in labial (), lingual
(K), and mesial (L) views. M-O) upper right anterior tooth, SC2022.27.81, in labial (M), lingual (N), and mesial (O) views; lower? right
anterior tooth (P-R), SC2022.27.83, in labial (P), lingual (Q), and mesial (R) views; upper lateral tooth (S-U), SC2022.27.77, in labial
(S), lingual (T), and mesial (U) views; upper posterolateral tooth (V-X); SC2018.7.79, in labial (V), lingual (W), and mesial (X) views;
lower? posterolateral tooth (Y-AA), SC2022.27.86, in labial (Y), lingual (Z), and mesial (AA) views; lower(?) posterior tooth (BB-DD),
§5C2022.27.85, in labial (BB), lingual (CC), and mesial (CC) views. Scale bars: 5 mm.
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teeth and found that they cluster together based on
tooth position, with anterior teeth cleatly separated
from lateral teeth. White’s (1956) Alabama mate-
rial clusters within the range of the South Carolina
specimens and can also be distinguished by tooth
position. Although there appear to be minor differ-
ences between the limited samples of Alabama and
South Carolina teeth, there is not a clear enough
distinction between them to rule out heterodonty
in a single species. We therefore tentatively identify
the South Carolina specimens as A. alabamensis until
larger samples of Algpias teeth from the Yazoo Clay
of Alabama are available for study.

The Egyptian Algpias teeth reported by Case
& Cappetta (1990), Underwood et al. (2011), Zal-
mout et al. (2012), and Asan et al. (2022) gener-
ally conform to White’s (1956) concept of the A.
alabamensis morphology, although there is variation
among the specimens. Differences in tooth shapes
have been interpreted as dignathic (Case & Cappetta
1990) or gynandric (Underwood et al. 2011) heter-
odonty within a single taxon. The anterior teeth in
our sample vary in width and cutting edge convex-
ity (compare Fig. 9A to 9P), although it is unclear
whether this reflects dignathic heterodonty or gyn-
andric heterodonty, a phenomenon documented in
extant Algpias species (Cigala-Fulgosi, 1983). The
North American A. alabamensis sample thus far does
not exhibit such extreme variation in crown width
as shown by Underwood et al. (2011: fig. 5X-Y).
Gonzalez Barba (2003) identified Priabonian alopi-
id teeth from Baja California, Mexico as A. alabam-
ensis that are comparable to the Alabama and South
Carolina specimens.

Otder Carcharhiniformes Compagno, 1973
Family Triakidae Gray, 1851

Genus Galeorhinus Blainville, 1816

Type species: Squalus galens Linnaeus, 1758

Galeorhinus semiserratus sp. nov.
Figs 10 & 11

urn:lsid:zoobank.org:act:35ACBIE0-953E-44B2-A548-
C3AC411108B5

Hypodigm: holotype SC2022.27.187 (Fig. 10J-L), paratype
SC2022.27.174 (Fig. 10A-B), paratype SC2022.27.176 (Fig. 10W-X),
paratype SC2022.27.179 (Fig. 10E-F).

Cicimurri D.]., Ebersole | A. & Bowman A.R.

Diagnosis: Teeth attaining large size for the genus, reach-
ing just over 9 mm in mesio-distal width. Labial crown foot over-
hangs the root and bears short longitudinal ridges that may coalesce
into a transverse ridge. Lower one-half to two-thirds of mesial cut-
ting edge with weak to very coarse serrations. Distal heel bearing up
to nine denticles that dectease in size distally.

Etymology: The species name is based on the development
of coarse, simple serrations along the lower one-half to two-thirds
of the mesial cutting edge.

Referred material: 66 teeth, including SC2006.30.2,
SC2015.59.6,  SC2015.59.7,  SC2015.59.8 (3  specimens),
SC2022.27.118 (Fig. 10P-R), SC2022.27.162, SC2022.27.163 (Fig.
10S-T), SC2022.27.164 (Fig. 10U-V), SC2022.27.165 (Fig. 10Y-7Z),
SC2022.27.166, SC2022.27.167 (Fig. 10AA-BB), SC2022.27.168
(Fig. 10EE-FF), SC2022.27.169, S$C2022.27.170 (Fig. 10GG-
HH), SC2022.27.171 (Fig. 11A-B), SC2022.27.172 (Fig. 11G-H),
SC2022.27.173, SC2022.27.175 (Fig. 11L), SC2022.27.177 (Fig.
10II-KK), $C2022.27.178 (Fig.10C-D), SC2022.27.180 (3 speci-
mens), SC2022.27.181 (3 specimens), SC2022.27.182 (Fig. 10CC—
DD), SC2022.27.183, SC2022.27.184 (Fig. 10G-I), SC2022.27.185
(Fig. 11I-K), S$C2022.27.186 (Fig. 11M-N), S$C2022.27.188 (2

specimens), SC2022.27.189 (Fig. 11R-S), SC2022.27.190 (8
specimens), $C2022.27.191 (Fig. 110-Q), $C2022.27.192 (Fig
10M-0), $C2022.27.193 (Fig. 11E-F), SC2022.27.194 (Fig.
11C-D), $C202227.195 (4 specimens), S$C2022.27.196 (Fig.
11Y-7), S$C2022.27.197 (3 specimens), SC2022.27.198 (Fig
11W-X), $C2022.27.199 (2 specimens), SC2022.27.200 (Fig

11T-V), SC2024.17.9, SC2024.17.10, SC2024.17.11 (3 specimens),
SC2024.17.12, SC2024.17.13 (2 specimens), SC2024.17.14.

Type hotizon: Pregnall Member, Tupelo Bay Formation;
Eocene, Priabonian Stage/Age, calcareous nannoplankton Zone
NP18; approximately 10 m below contact with the overlying Parkers
Ferry Formation.

Type locality: Giant Portland Cement quarry, east side of
SC 453, approximately 1.6 km north of US 1-26, Dorchester County,
South Carolina, USA (note this is an active quarry, with portions be-
ing mined and others being reclaimed).

Description. The largest teeth in the sample
measure just over 9 mm in mesio-distal width and
less than 7 mm in apico-basal height. The teeth can
be generally described as mesio-distally wide, with
a rather short but distally inclined cusp, elongated
mesial cutting edge, short distal cutting edge, and
distal heel bearing numerous denticles. The labial
crown face is rather flat, and the crown foot is a thin
shelf-like projection that overhangs the root. The
lingual crown face is convex. The crown enameloid
is smooth except for short vertical ridges occur-
ring on the labial crown foot. The elongated mesial
cutting edge may be uniformly convex, straight, or
weakly concave. The portion forming the main cusp
is smooth, but the remainder of the mesial edge
generally bears serrations that range from weak to
very coarse. The distal edge is always smooth and
usually weakly convex. The distal heel is oblique to
tooth height and bears between two to nine robust
denticles that decrease in size distally. The bilobate
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Fig. 10 - Galeorhinus semiserratus sp. nov. from the Tupelo Bay Formation. A-B) lower right anterior tooth, SC2022.27.174 (paratype), in lingual
(A) and labial (B) views; lower right anterior tooth (C-D), SC2022.27.178, in lingual (C) and labial (D) views; lower right lateral tooth
(E-F), SC2022.27.179 (paratype), in lingual (E) and labial (F) views; upper right lateral tooth (G-I), SC2022.27.184, in lingual (G), labial
(H), and mesial (I) views; upper right lateral tooth (J-L), SC2022.27.187 (holotype), in lingual (]), labial (K), and mesial (L) views; lateral
tooth (M-O), SC2022.27.192, in lingual (M), labial (N), and mesial (O) views; upper left lateral tooth (P-R), SC2022.27.118, in lingual
(P), labial (Q), and mesial (R) views; juvenile lower left lateral tooth (S-T), SC2022.27.163, in lingual (S) and labial (T) views; juvenile up-
per right lateral tooth (U-V), SC2022.27.164, in lingual (U) and labial (V) views; upper right anterior tooth (W-X), SC2022.27.176 (para-
type), in lingual (W) and labial (X) views; juvenile lateral tooth (Y-7), SC2022.27.165, in lingual (Y) and labial (Z) views; posterolateral
tooth (AA-BB), SC2022.27.167, in lingual (AA) and labial (BB) views; juvenile lower left anterior tooth (CC-DD), SC2022.27.182, in
lingual (CC) and labial (DD) views; posterior tooth (EE-FF), SC2022.27.168, in lingual (EE) and labial (FF) views; upper left lateral
tooth (GG-HH), SC2022.27.170, in labial (GG) and lingual (HH) views; lower right anterior tooth (II-]J), SC2022.27.177, in lingual
(II) and labial (JJ) views. Scale bars: 3 mm in Y-JJ, 5 mm in A-X.

root has somewhat elongated, widely separated  The lobes are separated by a wide and deep nutritive
lobes that are oval to reniform in lingual view, and  groove and the interlobe area ranges from shallow
the mesial lobe is often longer than the distal one.  to deep, and V-shaped to U-shaped.
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Fig. 11 - Galeorhinus semiserratus sp. nov. from the Tupelo Bay Formation. A-B) posterolateral tooth, SC2022.27.171, in lingual (A) and labial (B)
views; posterolateral tooth (C-D), SC2022.27.194, in lingual (C) and labial (D) views; upper left lateral tooth (E-F), SC2022.27.1943,
in lingual (E) and labial (F) views; posterolateral tooth (G-H), SC2022.27.172, in lingual (G) and labial (H) views; upper right lateral
tooth (I-K), SC2022.27.185, in lingual (I), labial (J), and mesial (K) views; lower right antetior tooth (L)), SC2022.27.175, in labial view;
posterolateral tooth (M-N), SC2022.27.186, in lingual (M) and labial (N) views; lateral tooth (O-Q), SC2022.27.191, in lingual (O),
labial (P), and mesial (Q) views; upper right anterolateral tooth (R-S), SC2022.27.189, in lingual (R) and labial (S) views; juvenile upper
left lateral tooth (T-V), SC2022.27.200, in lingual (T), labial (U), and mesial (V) views; juvenile lateral tooth (W-X), SC2022.27.198,
in lingual (W) and labial (X) views; posterolateral tooth (Y-7), SC2022.27.196, in lingual (Y) and labial (Z) views. Scale bars: 5 mm.

Remarks. Three different size classes and
sub-morphologies have been identified within our
Galeorhinus sample. Some teeth are 2-3 mm in me-
sio-distal width (i.e., Fig. 10EE-FF) but most are
between 4-8 mm wide, and some specimens are
slightly greater than 9 mm (i.e., Fig. 10G-I). The
teeth can have a roughly symmetrical triangular
outline with only slight distal cusp inclination but
more often they are asymmetrical with a distally in-
clined cusp (compare Figs. 10A and 11I). The cusp
height is variable, as is the degree of distal inclina-
tion (compare Figs. 10], 11E and 11G). The mesial
cutting edge is highly variable and may be straight,
uniformly convex, slightly sinuous, or moderately
concave. Additionally, its complexity ranges from
virtually smooth, crenulated (Fig. 10H), moderately
serrated (Fig. 11F), to coarsely serrated (Fig. 11P)
along the basal one-half to three-quarters of crown
height. The distal heel is weakly to strongly oblique
to crown height, and although five to six denticles

appear to be common, as few as two (Fig. 10EE)
and as many as nine (Fig. 10W—X) have been ob-
served.

Despite these variations we believe the teeth
represent a single species based on the shared pres-
ence of mesial serrations and ornamentation at the
labial crown foot. With respect to monognathic het-
erodonty, we believe that rather symmetrical teeth
in the sample reflect parasymphyseal and anterior
tooth files, whereas wider teeth with distally inclined
cusps represent lateral files. Within a tooth row,
the crown height decreases, but cusp inclination
increases towards the commissure. Regarding dig-
nathic heterodonty, teeth with a relatively wide main
cusp and convex mesial edge likely represent upper
teeth, whereas those with a narrower, “upturned”
main cusp and concave mesial edge are from lower
tooth files. This interpretation is consistent with the
illustrations of upper and lower teeth of extant G.
galeus (Linnaeus, 1758) and Hypagaleus hyugaensis (Mi-
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yosi, 1939) provided by Herman et al. (1988; pl. 13
and 14, respectively). Herman et al. (1988) and Fanti
et al. (2016) indicated that, although dignathic het-
erodonty is weak in fossil and extant species, gyn-
andric heterodonty is not developed in Galeorhinus.

The shape and complexity of the mesial cut-
ting edge is not unique to any singular tooth size
class, as small, medium, and large teeth could have a
convex mesial cutting edge with coarse basal serra-
tions or a straight and smooth edge. This phenom-
enon indicates that these features are not growth
dependent (ontogenetic). However, ontogenetic
heterodonty may be reflected in the labial crown or-
namentation, as it is nearly obsolete on large teeth
of presumably adult individuals but more com-
plex on smaller teeth of probable juveniles. On the
smallest teeth, ornamentation consists of numerous
short longitudinal ridges that often coalesce to form
an irregular transverse ridge along the labial crown
foot. Moderately sized teeth are often ornamented
with closely spaced but separate longitudinal ridges
along the width of the tooth. Ornamentation is less
extensive on larger teeth and generally consists of
indistinct ridges that are limited to the mesial and
distal sides of the crown.

The teeth in our sample are often larger than
the size typically ascribed to Galeorhinus (10 mm vs
< 8 mm in width; Cappetta 2012), and they could be
mistaken for those of the co-occurring Galeocerdo.
However, these genera are easily differentiated by
the lack of serrations on the upper one-half of the
mesial edge and entirety of the distal cutting edge
on the main cusp of Galeorhinus teeth. Although
some Galeorhinus teeth are superficially similar to
those of Pseudabdounia claibornensis (White, 1950),
the former can be identified by the ornamented and
thickened labial crown foot that overhangs the root.

Galeorhinus semiserratus sp. nov. teeth differ
from those of other Eocene species, including G.
minutissimus (Arambourg, 1935), G. ypresiensis (Casi-
et, 1940), G. mesetaensis Noubhani & Cappetta, 1997,
G. duchaussoisi Adnet & Cappetta, 2008, G. louisi Ad-
net & Cappetta, 2008, and G. cuvieri (Agassiz, 1835),
as well as younger fossil species and extant G. galeus
(Linnaeus, 1758) by the combination of larger max-
imum size, common occutrrence of weak to coarse
mesial serrations that extend up to two-thirds of
the crown height, greater maximum number of
denticles on the distal heel (up to nine), and less
or more crown ornamentation (depending on the

species). Case (1981) named G. huberensis based on
late Eocene teeth from the Dry Branch Formation
of Georgia, which are of similar size (ca. 10 mm)
to those from the Tupelo Bay Formation. However,
the Georgia specimens lack a conspicuously convex
labial crown foot that overhangs the root. Instead,
the labial face is flat and flush with the root, a fea-
ture that is more consistent with Physogalens. A small
Galeorhinus-like tooth, identified as G. galeus (Lin-
naeus, 1758), was reported by Case (1981) from the
Dry Branch Formation of Georgia, and it differs
trom G. semiserratus sp. nov. by being smaller in size,
having fewer distal heel denticles, and possessing a
completely smooth mesial cutting edge.

SC2006.30.2 was associated with a skull and
post-cranial elements of the dugongid sirenian, Fo-
theroides sp. (SC2006.30.1) The right limb of this an-
imal exhibits several cut marks that appear to have
been made by a serrated cutting edge. One plausible
interpretation is that the Galeorhinus tooth was shed
while an individual fed on the sirenian, but we can-
not rule out the possibility that the marks are the
result of impact by a Galeocerdo tooth.

Family Scyliorhinidae Gill, 1862
Genus Pachyscyllium Reinecke, Moths, Grant &
Breitkreuz, 2005

Pachyscyllium sp.
Fig. 12A-X

Material: 11 teeth, including: SC2016.47.2, SC2022.27.140
(Fig.  12A-D), SC2022.27.141 (Fig. 12E-H), SC2022.27.142,
SC2022.27.143 (Fig. 121-L), SC2022.27.144, SC2022.27.152 (Fig.
12Q-T), SC2022.27.154 (Fig. 12U-X), SC2022.27.155 (Fig. 12M-P),
SC2022.27.156, SC2022.27.157.

Description. The teeth are small, only slight-
ly exceeding 6 mm in apico-basal height and mea-
suring up to 5 mm in mesio-distal width. The tooth
crown consists of a rather narrow main cusp that is
flanked by up to two pairs of lateral cusplets. The
labial face of the main cusp is weakly convex, but
the lingual face is very convex, and a smooth cutting
edge extends from the apex to the base. The lateral
cusplets are generally robust but of variable height
and width and slightly diverging. A mesial cusplet
is always well-developed, but a distal cusplet can be
much reduced to nearly absent. The cusplets may
be separated from the main cusp by a deep angular
notch or a U-shaped embayment. Well-developed
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cusplets are rather conical but do possess cutting
edges, but poorly developed cusplets are largely de-
noted by a sinuous cutting edge. One tooth has two
pairs of lateral cusplets, with the second pair be-
ing smaller than the primary pair, and yet another
specimen has inconspicuous cusplets. The crown
enameloid is smooth on all specimens. The labial
crown foot of each specimen is thickened, is medi-
ally embayed, and overhangs the root. The root is
bilobate with very short and highly diverging lobes.
The lingual root face is thick and bisected by a long
and narrow nutritive groove. The basal attachment
surface is flat and relatively narrow. In labial view
the extremities of the root lobes extend slightly be-
yond the crown margin.

Remarks. Although the 11 specimens avail-
able are rather variable, we believe they reflect het-
erodonty within a single species. Of the specimens,
one tooth has a single pair of well-developed cusplets
(Fig. 12R-S), whereas one specimen virtually lacks
cusplets (8C2022.27.157 not figured). These two
teeth appear to represent extremes in variation of
the cusplet shape, as most of the teeth in the sample
have a well-developed mesial cusplet but poorly de-
veloped distal cusplet (i.e., Fig. 12G & 12W). One
additional outlier has a relatively broad-based main
cusp and two pairs of lateral cusplets (Fig. 12]-K).
However, the variation is consistent with that ob-
served on teeth of Pachyscyllium braashi Reinecke et
al., 2005, where the mesial cusplet can be smaller
than the distal one, and both cusplets can be relative-
ly small. We believe that the Tupelo Bay Formation
Pachysyllium sp. sample reflects at least monognathic
heterodonty, as rather narrow and symmetrical spec-
imens were likely located in more antetior jaw posi-
tions (Fig. 125), whereas more broad-based teeth are
from lateral files (Fig. 12V). Of lateral teeth, those
with a distally directed crown could be from upper
files (Fig.12N-0O), whereas specimen SC2022.27.143
has a vertical main cusp that is flanked by two pairs
of lateral cusplets and could be interpreted as a low-
er lateral tooth (Fig. 12]).

The teeth referred to Pachyscyllinm sp. differ
from those we assign to Premontreia (see below)
by lacking crown ornament, having larger lateral
cusplets, and possessing a thickened and medially
concave labial crown foot that significantly over-
hangs the root. The root is also oblique to crown
height, whereas it is nearly perpendicular on Pre-
montreia. With respect to Abdounia minutissima (see
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above), the lateral cusplets of Pachyscyllium sp. are
more conical and the labial crown foot of _Abdounia
is rather flat and does not overhang the root.

The specimens we assign to Pachyscyllinm
sp. are similar to teeth identified as Fowmtizia sp.
by Cicimurri & Knight (2019) occurring in the up-
per Eocene (Priabonian) Dry Branch Formation
of south-central South Carolina. The Dry Branch
Formation specimens are smaller than the Tupelo
Bay Formation specimens (4 mm in heigh versus
slightly over 5 mm), and closer in size to Foumtizia.
However, the Tupelo Bay Formation specimens are
very well preserved, but the Dry Branch Forma-
tion teeth are ablated, broken, and lack enameloid.
The crowns of teeth from both formations are very
similar and we consider the fossils to represent the
same taxon, which we herein reter to Pachyscyllinm.

Genus Premontreia Cappetta, 1992
Subgenus Oxyseyllinm Noubhani & Cappetta, 1997

Premontreia (Oxyscyllium) gilberti (Casier, 1940)
Fig. 12Y-Z27Z

1946 Scyliorhinus gilberti — Casier, p. 58-60, pl. 1. fig, 14.

1999 S. gilberti Casier, 1946 — Kent, p. 22-23.

2003 . gilberti Casier, 1946 — Parmley & Cicimurri, p. 166-167, fig.
5D.

Material: 23 teeth, including: SC2016.47.4, SC2022.27.145
(Fig. 1200-RR), SC2022.27.146 (Fig. 12WW-2Z), SC2022.27.147
(Fig. 12CC-FF), SC2022.27.148 (Fig. 12GG-]]), SC2022.27.149,
S$C2022.27.150 (Fig. 12KK-NN), SC2022.27.151, SC2022.27.153
(Fig. 12 SS-VV), §C2022.27.155, SC2022.27.156 (6 teeth),
SC2022.27.158, §C2022.27.159, $C2022.27.160 (Fig. 12Y-BB),
SC2022.27.161 (2 teeth), SC2022.27.162 (2 teeth).

Description. Small teeth measuring slightly
over 5 mm in apico-basal height and close to 5 mm
in mesio-distal width. The tooth crown consists of
a tall, rather narrow, triangular main cusp flanked by
one or two sets of lateral cusplets. The labial face
of the main cusp is weakly to moderately convex,
whereas the lingual face is very convex. The lower
one-fifth of the labial crown face generally bears
coarse vertical ridges, but this ornamentation can be
very reduced and occur as very short ridges at the
crown foot, often only below the lateral cusplets.
The labial crown foot is thickened and slightly bulg-
es beyond the root, but its basal margin is relatively
straight. With respect to the lateral cusplets, each
tooth possesses at least one pair, but many have
a diminutive second pair or a second diminutive
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Fig. 12 - Scyliorhinid sharks from the Tupelo Bay Formation. A-X) Pachyscyllinm sp., tooth (A-D), SC2022.27.140, in basal (A), lingual (B), labial
(C), and distal (D) views; tooth (E-H), SC2022.27.141, in basal (E), lingual (F), labial (G), and distal (H) views; lower lateral(?) tooth (I-L),
S5C2022.27.143, in basal (I), lingual (J), labial (K), and mesial (L)) views; lateral tooth (M-P), SC2022.27.155, in basal (M), lingual (N), labial
(0), and mesial (P) views; anterior tooth (Q-T), SC2022.27.152, in basal (Q), lingual (R), labial (S), and mesial (T) views; anterolateral tooth
(U-X), SC2022.27.154, in basal (U), lingual (V), labial (W), and mesial (X) views. Y-ZZ) Premontreia (Oxyscyllinm) gilberts, lateral tooth (Y-BB),
SC2022.27.160, in basal (Y), lingual (Z), labial (AA), and mesial (BB) views; anterior tooth (CC-FF), SC2022.27.147, in basal (CC), lingual (DD),
labial (EE), and mesial (FF) views; lateral tooth (GG-JJ), SC2022.27.148, in basal (GG), lingual (HH), labial (II), and mesial (JJ) views; lateral
tooth (KIC-NN), SC2022.27.150, in basal (KK), lingual (ILL), labial (MM), and mesial (NNN) views; anterior tooth (OO-RR), SC2022.27.145, in
basal (OO), lingual (PP), labial (QQ), and mesial (RR) views; anterior tooth (SS-VV), SC2022.27.153, in basal (SS), lingual (T'T), labial (UU), and
distal (VV) views; anterior tooth (WW-22), SC2022.27.1406, in basal (WW), lingual (XX), labial (YY), and profile (ZZ) views. Scale bars: 2 mm.
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cusplet only on the distal side. The primary cusplets
can be relatively tall or short compared to main
cusp height, and they can be separated from the
main cusp by a V-shaped or U-shaped embayment.
In the latter case, the smooth cutting edge extends
from the main cusp apex and across the cusplets in
a curved unbroken line (as opposed to having an
angular notch). The primary cusplets are sub-coni-
cal (with smooth cutting edges), and although gen-
erally divergent both can be distally directed. The
labial face of the primary cusplets can be smooth or
bear coarse vertical ridges to the apex. The lingual
crown face is usually smooth but fainter ridges can
occur on the lateral cusplets. The bilobate root has
very short, very divergent, and high lobes that have
a reniform appearance in lingual view. There is a
long, narrow and deep nutritive groove, and the ex-
pansive attachment surface is flat and oblique to the
nearly perpendicular to cusp height. The root lobes
are rounded and extend beyond the mesial and dis-
tal crown margin.

Remarks. The Premontreia (Oxyscyllinm) gilberti
sample includes teeth that have robust longitudinal
ridges on the labial face (Fig. 12EE & 121I1) and teeth
that are nearly (Fig. 12MM) to completely smooth
(Fig. 12QQ). The material is considered conspecific
because the of the shared gross morphology of the
main cusp, overlapping morphologies of the pri-
mary pair of lateral cusplets, and shared presence
of a diminutive second lateral cusplet. This varia-
tion is indicated by the type suite of teeth shown
by Casier (1946: pl. 1) and can be attributed to het-
erodonty within a single taxon. Many of the teeth
in our sample are rather narrow and symmetrical,
and we consider these to represent anterior files
(i.e., Fig. 12PP), whereas teeth that have a broadly
triangular and distally inclined main cusp (Fig. 127Z)
are believed to be from lateral files (monognathic
heterodonty). Casier (1946) showed an upper lateral
tooth (pl. 1, fig. 14j—k) that has both lateral cusplets
inclined distally, like some of the Tupelo Bay For-
mation specimens. Specimens that are roughly sym-
metrical but with more elongated mesial and distal
root lobes (Fig. 12V) are thought to represent lower
lateral teeth (dignathic heterodonty). It is also pos-
sible that, within anterior files, upper teeth have a
wider main cusp compared to lower teeth (compare
Fig. 12DD & 12PP to 12TT).

Noubhani & Cappetta (1997) split Premon-
treia into two subgenera, P. (Oxyseyllium) and P.
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(Premontreia), that are distinguished by the nature
of the lateral cusplets. In the former subgenus, lat-
eral cusplets are relatively large and may be present
in two pairs, whereas on the latter subgenus they
are comparatively small or absent altogether. The
combination of small size, development of labial
(and sometimes lingual) crown ornamentation, and
presence of a second diminutive lateral cusplet are
more consistent with P. (O.) gi/berti teeth described
by Casier (1946) than to either P. (O.) subulidens (Ax-
ambourg, 1952) or P. (O.) peypougueti Noubhani &
Cappetta, 1997.

These teeth are distinguished from all other
similar shark teeth occurring in the Tupelo Bay
Formation by the combination of small size, pres-
ence of robust labial crown ridges, thickened labial
crown foot that is straight and slightly overhangs
the root, and presence of a second diminutive lat-
eral cusplet. With respect to North American Eo-
cene occurrences, the species has been identified
based on relatively few specimens from the Ypre-
sian Nanjemoy Formation of Virginia (Kent 1994)
and Bashi Formation of Mississippi (Case 1994).
From younger deposits, the species is uncommon
but occurs in the Bartonian Clinchfield Formation
of Georgia (Parmley & Cicimurri 2003). The taxon
was tentatively identified in the upper Eocene Dry
Branch Formation of South Carolina (Cicimurri
& Knight 2019), and similar teeth from the Yazoo
Clay of Louisiana were identified as P. (O.) distans
(Manning & Standhardt 1986; Ebersole & Cicimur-
ri 2025). The species is widely reported from low-
er-to-middle Focene strata of Belgium, England,
France and the Netherlands (Casier 1946, 19606;
Cappetta 1976; Bor 1985; Adnet 2006b; Adnet et
al. 2008).

Family Hemigaleidae Hasse, 1879
Genus Hemipristis Agassiz, 1843

Hemipristis curvatus Dames, 1883
Fig, 13

1956 Hemipristis wyattdurbami White, p. 134.

1981 H. wyattdurbami White, 1956 — Case, p. 63, pl. 5, figs. 1-4.

1986 H. wyattdurhami White, 1956 — Manning & Standhardt, p. 144,
fig.2.8.

1987 H. curvatus Dames, 1883 — Cappetta, p. 120

2000a H. curvatus Dames, 1883 — Case & Borodin, p. 10, pl. 3, figs.
20-23.

2003 H. curvatns Dames, 1883 — Parmley & Cicimurri, p. 169-170,
fig. 6 A.

2019 H. curvatus Dames, 1883 — Ebersole et al., p. 66—67, fig. 24.
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Material: 14 teeth, including: SC2018.7.105, SC2018.7.106,

S$C2018.7.107, SC2018.7.108, SC2022.27.256  (Fig. 13C-D),
SC2022.27.257 (Fig. 13E-F), SC2022.27.258, SC2022.27.259,
SC2022.27.260, SC2022.27.261, S§C2022.27.262 (Fig. 13A-B),

SC2022.27.263, SC2022.27.264, SC2022.27.265 (Fig. 13G-H).

Description. The largest specimens available
measure 1.5 cm in apico-basal height and 1.5 cm in
mesio-distal width. The teeth consist of a crown and
bilobate root. The crown varies in height, width, and
degree of distal inclination. In general, the crown
is triangular, the labial face is relatively flat, the lin-
gual face is convex, and the enameloid is smooth
on both crown faces. The labial and lingual crown
edges are denticulated, and the individual denticles
vary in number, size, and degree of development.
The mesial edge may be completely smooth, weakly
crenulated, bear several well-developed denticles,
or exhibit a combination of the latter two. Crenu-
lation/denticulation does not extend beyond one-
half the crown height, and denticles decrease in size
basally. Denticles nearly always occur on the distal
crown margin, typically between two and nine, and
they decrease in size basally. Denticles may be nar-
row or broad-based. The non-denticulated portion
of the crown is developed into a cusp that varies in
size (depending on how high denticles extend on
the crown). All cutting edges are smooth. The labial
crown foot is thickened and extends slightly beyond
the root. The bilobate root has lobes that may be
somewhat elongated and narrow or wide, sub-rect-
angular, and highly diverging. The interlobe area can
be U-shaped or V-shaped. A lingual boss is bisected
by a very conspicuous nutritive groove.

Remarks. Using extant Hemipristis  elon-
gata (Klunzinger, 1871) as a model (SC84.177.1,
SC86.53.1), H. curvatus exhibits monognathic and
dignathic heterodonty, with tooth shape changing
from the symphysis to the commissure, and be-
tween upper and lower dentitions. Upper anterior
teeth are triangular, rather erect (but may be distally
inclined), have a flat labial face, and several denticles
occur on the distal edge (Fig. 13C-D). The upper
lateral teeth are much broader, have a convex mesial
edge, a distally inclined cusp, more numerous distal
denticles, and the root lobes are shorter but wider
(Fig. 13E-F). The crown height decreases but cusp
inclination increases towards the commissure. Low-
er anterior teeth are very mesio-distally compressed,
the labial face is very convex to only moderately so,
and denticles are usually absent (Fig. 13A—B). Low-

Fig. 13 - Hemipristis curvatus from the Tupelo Bay Formation. A-B)
lower left anterior tooth, SC2022.27.262, in lingual (A)
and labial (B) views; upper right anterior tooth (C-D),
SC2022.27.256, in lingual (C) and labial (D) views; upper
right lateral tooth (E-F), SC2022.27.757, in lingual (E) and la-
bial (F) views; lower left lateral tooth (G-H), SC2022.27.265,
in lingual (G) and labial (H) views. Scale bars: 5 mm.

er lateral teeth are similar in appearance to the up-
per anterior teeth, but the lowers have a maximum
of two narrow denticles (Fig. 13G—H).

Hemmpristis teeth are unlikely to be confused
with other Tupelo Bay Formation carcharhiniform
taxa due to the size of the teeth, gross morphology,
lack of labial crown ornamentation, and develop-
ment of denticulation. Some anterior teeth of Ga-
leocerdo clarkensis White, 1956 are superficially simi-
lar but cutting edges of this taxon have distinctive
compound serrations (see below).

White (1956) named Hemipristis wyattdurbani
based on Eocene specimens from Alabama, and
Cappetta (1987) later synonymized this species with
H. curvatus. The taxon is common in the Clinchfield
Formation of Georgia (Parmley & Cicimurri 2003)
and occurs in the Dry Branch Formation of Geor-
gia (Case 1981; Case & Borodin 2000a) and South
Carolina (Cicimurri & Knight 2019). Gulf Coast-
al Plain records include the Bartonian Gosport
Sand of Alabama (Ebersole et al. 2019), Bartonian
Moodys Branch Formation and Priabonian Yazoo
Clay of Louisiana (Manning & Standhardt 1986;
McPherson & Manning 1986; Ebersole & Cicimurri
2025), and Westgate (1984) identified material from
Arkansas that may have been derived from the mid-
dle-to-upper Eocene Moodys Branch Formation.
In Africa, the species has been documented from
the middle-to-upper Focene deposits of Egypt
(Dames 1883; Case & Cappetta 1990; Underwood
et al. 2011; Asan et al. 2022), Morocco (Zouhti et
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al., 2021), and Tunisia (Adnet et al. 2020), and it oc-
curs in Asia (Jordan; see Mustafa & Zalmout 2002).
Interestingly, the species was not documented from
the middle Eocene (Lutetian) Castle Hayne Forma-
tion of North Carolina (Case & Borodin 2000b) or
Piney Point Formation of Virginia (Miller 1999).
Adnet et al. (2020) commented that H. curvatus oc-
curred in “all tropical seas” during the middle and
late Eocene, and this potentially explains the appar-
ent absence of the species in the central Atlantic
Coastal Plain.

Family Carcharhinidae Jordan & Evermann, 1896
Genus Abdounia Cappetta, 1980

Abdounia enniskilleni (White, 1956)
Fig, 14A-F

1956 Seyliorhinus enniskilleni White, p. 128.

1980 Abdounia enniskilleni (White, 1956) — Cappetta, p. 37.

1981 8. enniskilleni White, 1956 — Case, p. 62, pl. 4, figs. 4-6.

1986 . enniskilleni White, 1956 — Manning & Standhardt, p. 141,
fig. 1.3.

2000a Abdounia enniskilleni (White, 1956) — Case & Borodin, p.28, pl.
5, figs. 40—44.

2000b Abdounia enniskilleni (White, 1956) — Case & Borodin, p.10,
pl. 4, figs. 31-34.

2003 A. enniskilleni (White, 1956) — Parmley & Cicimurti, p. 172-173,
fig. 7 A.

Material: 29 teeth, including: SC2015.59.12, SC2015.59.13,
SC2015.59.14; SC2018.7.15, SC2018.7.113, SC2018.7.114 (Fig.
14C-D), SC2018.7.115 (Fig. 14A-B), SC2018.7.116, SC2018.7.117,
SC2018.7.118 (5 teeth), SC2018.7.119 (5 teeth), SC2022.27.120,
SC2022.27.121, §C2022.27.122, SC2022.27.123, SC2022.27.124
(Fig.  14E), SC2022.27.125, SC2022.27.126, SC2022.27.127,
S5C2022.27.128, SC2022.27.129.

Description. The teeth are rather small and
measure less than 15 mm in apico-basal height.
Some teeth have a tall and rather narrow main cusp
consisting of a flat labial face and convex lingual
face. The lingual face often bears fine longitudinal
ridges that extend halfway to the apex. The cutting
edges of the main cusp are continuous and smooth,
and the main cusp is separated from a single pair
of tall lateral cusplets by a deep notch. The root is
robust, with a lingual boss that is bisected by a deep
nutritive groove, and the attachment surface is flat.
Very short, diverging root lobes are separated by a
shallow U-shaped interlobe area.

Other teeth have a comparably wider main
cusp that varies in overall height and degree of
distal inclination. Typically, there is a single pair of
broad but low lateral cusplets, and a few teeth ex-

hibit a second distal cusplet. Additionally, the mesial
cusplet may be absent from teeth such that the me-
sial edge is roughly continuous apico-basally. The
root has a more shelf-like lingual boss, a deep nu-
tritive groove, relatively narrow but flat attachment
surface, and very short and highly diverging lobes.

Remarks. The dentition of this species cer-
tainly possessed monognathic heterodonty, with
teeth from presumed anterior jaw files having a more
symmetrical appearance and single pair of large lat-
eral cusplets (Fig. 14E). Lateral teeth have a wider,
lower, and distally inclined main cusp that can be
flanked by two pairs of lateral cusplets. It appears
that cusp inclination increased and cusp height de-
creased towards the jaw commissure (compare Fig,
14C to 14A). Teeth from more posterior files lack
or have greatly reduced mesial cusplets.

Abdonina enniskilleni differs from A. minutis-
sima (Winkler, 1874) (see below) by attaining a larg-
er overall height (14 mm versus 3 mm) and often
having vertical ridges on the lingual crown face.
Psendabdonnia claibornensis teeth lack ornamentation
but have more numerous lateral cusplets. Although
teeth of Premontreia can have similar crown orna-
mentation to A. enniskilleni, the cusplet and root
morphologies between the two genera are quite dif-
ferent (see above).

Additional A. enniskilleni records from the
Atlantic Coastal Plain include the Lutetian Cas-
tle Hayne Formation of North Carolina (Case &
Borodin 2000b), Piney Point Formation of Virginia
(Miller 1999), Priabonian Dry Branch Formation of
South Carolina (Cicimurri & Knight 2019), and the
Clinchfield and Dry Branch formations of Geor-
gia (Case 1981; Case & Borodin 2000a; Parmley &
Cicimurri 2003). This species was reported from the
Gosport Sand of Alabama (White 1956; Ebersole et
al. 2019), middle-to-upper Eocene Moodys Branch
Formation of Arkansas (Westgate 1984), and the
Cook Mountain Formation, Moodys Branch For-
mation, and Yazoo Clay of Louisiana (Manning &
Standhardt 1986; Ebersole & Cicimurri 2025).

Abdounia minutissima (Winkler, 1874)
Fig. 14F-Q

1874 Otodus minutissimus Winkler, p. 110, pl. 7, fig; 2.

1980 Abdounia minntissima (Winkler, 1874) — Cappetta, p. 37.

2014 Seyliorhinus sp. — Maisch et al., p. 192, fig. 3, 17-19.

2019 A. minutissinra (Winkler, 1874) — Ebersole et al., p. 86-87, fig.
31P-GG.
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Fig. 14 - Carcharhiniform sharks from the Tupelo Bay Formation. A-E), Abdounia enniskillenz, upper left lateral tooth (A-B), SC2018.7.115, in la-
bial (A) and lingual (B) views; lateral tooth (C-D), SC2018.7.114, in labial (C) and lingual (D) views; anterior tooth (E), SC2022.27.124,
in lingual view. F-Q) _A. minutissima, lower lateral tooth (F-H), SCSC2022.27.119, in labial (F), lingual (G), and mesial (H) views; up-
pet(?) anterior tooth (I-L)), SC2022.27.110, in labial (T), lingual (J), mesial (K), and basal (L)views; upper right posterolateral tooth
(M-N), SC2022.27.114, in labial (M) and lingual (N) views; lower(?) anterior tooth (O-Q), SC2022.27.107, in labial (O), lingual (P), and
mesial (Q) views. R-Y) Pseudabdonnia claibornensis, posterolateral tooth (R-S), SC2022.27.139, in labial (R) and lingual (S) views; lower(?)
anterior tooth (T-U), SC2022.27.130, in labial (T) and lingual (U) views; upper lateral tooth (V-W), SC2022.27.136, in labial (V) and
lingual (W) views; lower(?) lateral tooth (X-Y), SC2022.27.133, in labial (X) and lingual (Y) views. Scale bars: 2 mm in F-Q, 5 mm in

A-E & R-Y.

Material: 14 teeth, including: SC2022.27.107 (Fig. 140—
Q), SC2022.27.108, SC2022.27.109, SC2022.27.110 (Fig. 14I-L),
SC2022.27.111, SC2022.27.112, SC2022.27.113, SC2022.27.114
(Fig. 14F-H), SC2022.27.115, SC2022.27.116 (2 specimens),
SC2022.27.117, SC2022.27.118, SC2022.27.119 (Fig. 14M-N).

Description. Small teeth measuring less than 3
mm in height and up to 2.5 mm in width. The crown
consists of a tall, narrow, triangular cusp flanked by a
single pair of lateral cusplets. Most of the specimens
have an erect and symmetrical cusp, but the main cusp
is distally inclined on some teeth. The labial cusp face
is flat, but the lingual face is convex. The labial crown

foot is flat, and its basal margin is straight. The mesial
and distal cutting edges are sharp, smooth, and con-
tinuous onto the lateral cusplets. The lateral cusplets
are tall, narrow, slightly divergent, and located low on
the crown. Most specimens exhibit a single cusplet
on both sides of the main cusp, but the mesial cutting
edge may be elongated and lack a cusplet. The crown
enameloid is smooth. The root is bilobate with short
and diverging lobes. In lingual view, a robust lingual
boss is bisected by a long, narrow, and deep nutritive
groove, and the root lobes have a reniform outline.
In profile, the root is thick lingually, and the attach-
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ment surface is wide, flat, and oblique to the height
of the main cusp.

Remarks. There is some morphological vari-
ation among the teeth available to us that we attri-
bute to heterodonty within a single taxon. Teeth that
have a rather narrow and generally erect main cusp
that is flanked by tall but narrow lateral cusplets are
considered to represent anterior teeth (Fig. 141-]).
Specimens that are broader basally and have lower
but more broad-based lateral cusplets (Fig. 14F-G)
are believed to be lateral teeth (monognathic heter-
odonty). Additionally, teeth become more distally
inclined/curved the closer to the commissure they
were located, and more distal lateral teeth may lack
a mesial cusplet (Fig. 14M-N). Upper anterior teeth
have a wider main cusp compared to lower anterior
teeth (compare Fig, 141 to 140). Upper lateral teeth
are distally inclined, whereas lower lateral teeth are
more erect (dignathic heterodonty).

The teeth we identify as Abdounia minutissima
can be distinguished from those of _A. enniskilleni (see
above) by their much smaller size, gracile stature, and
lack of lingual ornamentation. Teeth of _A. minutis-
sima are comparable in size to Pachyscyllium sp. but dif-
fer from that taxon (see above) by having labio-lin-
gually thinner lateral cusplets and a labial crown foot
that is flat and straight at the crown/root juncture.
Although superficially similar to some lamniform
shark teeth, they can be distinguished by their lack of
serrated cutting edges and/or very short root lobes
that have a reniform appearance.

Abdounia minutissima was reported from low-
er-to-middle Eocene strata of Alabama (Ebersole
et al. 2019) and is known from the middle Eocene
of Belgium (Winkler 1974; Van den Eeckhaut & De
Schutter 2009). The taxon has also been tentatively
reported from middle Eocene deposits of France
and Egypt (Adnet 2006b; Underwood et al. 2011;
Zalmout et al. 2012; Asan et al. 2022).

Genus Psendabdounia Ebersole, Cicimurri & Stringer,
2019

Pseudabdounia claibornensis (\White, 1956)
Fig, 14R-Y

1956 Galeorhinus recticona claibornensis — White, p. 148.

1999 Abdonnia claibornensis (\White, 1956) — Miller, p. 48, pl. 5, figs.
10-12.

2000b Abdounia recticona (Winkler, 1874) — Case & Borodin, pl. 6, figs.
55-57.

2015 Abdonnia recticona (Winkler, 1874) — Maisch et al., p. 166.

2019 Psendabdounia claibornensis (White, 1956) — Ebersole et al., p.
88-90, fig. 32 A-R.

Material: 11 teeth, including: SC2015.59.15, SC2022.27.130
(Fig. 14T-U), SC2022.27.131, SC2022.27.132, SC2022.27.133 (Fig.
14X-Y), SC2022.27.134, SC2022.27.135, SC2022.27.136 (Fig. 14R—
S), $C2022.27.137, SC2022.27.138, SC2022.27.139 (Fig. 14R-S).

Description. The teeth are small, measure
less than 10 mm in apico-basal height, and have a
broadly triangular crown that consists of a main
cusp and multiple sets of lateral denticles. The main
cusp is rather narrow and may be erect or distally in-
clined. The main cusp is flanked by four to eight lat-
eral denticles, with the mesial side often having one
or two more denticles than the distal side. The den-
ticles are largest at the base of the cusp but decrease
in size and coalesce into less conspicuous structures
towards the crown foot. The cutting edge is smooth
and continuous across the denticles and main cusp.
The labial crown face is flat to weakly convex, but
the lingual face is convex, and the crown enameloid
is smooth on both faces. The labial crown foot is
rather flat and does not bulge beyond the origin of
the root. The root is bilobate with rather short, rect-
angular, widely diverging lobes. A long and narrow
nutritive groove occurs on the lingual side of the
root, and the interlobe area is V-shaped.

Remarks. This species was previously as-
signed to _Abdounia, but Ebersole et al. (2019) moved
this taxon, along with _A. recticona, to Psendabdonnia.
The P. claibornensis teeth in our sample exhibit mor-
phological variation that we believe represents mo-
nognathic heterodonty. Teeth that are symmetrical
with an erect main cusp and equal number of mesial
and distal denticles are believed to be from anterior
files. Teeth that are conspicuously wider, with distal-
ly inclined main cusps and a greater number of me-
sial denticles (i.e., the mesial edge is longer) are lat-
eral teeth (Fig. 14W). Within the lateral files, crown
height decreases but main cusp inclination increases
towards the commissure (Fig. 14R). It is also pos-
sible that dignathic heterodonty is represented, as
teeth with a relatively wide main cusp could be from
the upper dentition (Fig. 14V) and specimens with a
comparatively narrower main cusp (Fig, 14X) com-
prised the lower dentition.

The teeth of P. clazbornensis are easily distin-
guished from those of Abdounia minutissima and A.
enniskilleni that occur within the Tupelo Bay Forma-
tion (see above) by having four or more pairs of
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lateral cusplets. The latter taxa typically have one
but sometimes two pairs of cusplets. Psexdabdounia
claibornensis teeth can be separated from superficially
similar anterior teeth of Galeorhinus by their flat and
smooth labial crown foot that does not overhang
the root. The cusp of P. claibornensis teeth lacks ser-
rated cutting edges as occur on Galeocerdo teeth.

Ebersole et al. (2019) documented P. cazborn-
ensis within the Bartonian (NP17) Gosport Sand of
Alabama and it was reported in the slightly older
(NP16) Cook Mountain Formation of Louisiana.
Miller (1999) identified this species from Bed B of
the Piney Point Formation of Virginia, which is also
of Lutetian age (NP16). Case & Borodin (2000b)
figured specimens (pl. 6) from the Lutetian Castle
Hayne Formation of North Carolina that they iden-
tified as Abdounia recticona. Unfortunately, they did
not provide descriptions of the material, but two of
the specimens shown (figs. 55 and 57) possess four
to five sets of lateral denticles, indicating a closer
affinity to P. claibornensis. Maisch et al. (2015) also
showed a single tooth (fig. 7U-V) identified as A.
recticona from New Jersey, likely recovered from the
middle Eocene Shark River Formation, that exhib-
its five pairs of cusplets and is therefore more like P.
claibornensis. Interestingly, the species is apparently
absent from the Clinchfield Formation of Georgia
(i.e., Parmley & Cicimurri 2003)

Our comparison of a small sample (n = 8) of
P. claibornensis teeth from the Piney Point Formation
(8C2020.43.848 to SC2020.43.855) to those of the
Tupelo Bay Formation revealed several minor differ-
ences. The Virginia specimens consistently differ by
their smaller overall size, lower but wider main cusp,
and lesser maximum number of denticles (up to six)
but larger denticle size. Additionally, the denticles
of the Virginia teeth are more clearly separated and
remain distinctive to the crown foot. In contrast,
the lateral denticles of the Tupelo Bay Formation P.
¢laibornensis become inconspicuous distally and are
more difficult to distinguish from one another. The
features of the Castle Hayne specimens reported by
Case & Borodin (2000b) more closely resemble the
Piney Point Formation teeth rather than the Tupelo
Bay Formation teeth.

The differences between the Piney Point/
Castle Hayne and Gosport Sand/Tupelo Bay sam-
ples could be interpreted in several ways, one being
that there was an increase in overall tooth size and
number of denticles, but decrease in denticle size

and cusp height within P. clazbornensis from the Lute-
tian to the Priabonian. Alternatively, the older speci-
mens could represent an additional species transi-
tional between P. recticona, as occurs in the lower
Lisbon Formation (NP15) of Alabama (Ebersole et
al. 2019), and the younger fossils from the Gosport
Sand and Tupelo Bay Formation. These possibili-
ties require further investigation but are beyond the
scope of this study.

Genus Carcharbhinus Blainville, 1816

Carcharhinus sp.
Fig. 15

Material: 2 tecth, including: SC2022.27.245 (Fig. 15A-C),
SC2024.17.5 (Fig. 15D-F).

Description. The two specimens are virtu-
ally identical to each other, with each consisting of a
broadly triangular crown and broad-based root. The
crown has an elongated and very slightly sinuous
mesial cutting edge, whereas the distal margin can
be roughly subdivided into an apical cutting edge
and basal heel-like structure. The transition from
apical edge to heel on SC2022.27.245 is contiguous
through a concave arc, whereas the transition on
SC2024.17.5 is more angular and disrupted by a weak
medial notch. The mesial and distal cutting edges
intersect apically to form a pointed cusp, with that
of SC2022.27.245 being taller than on SC2024.17.5.
The cutting edges on the latter specimen are set-
rated nearly to the apex, with those along the basal
one-half of the mesial edge being the coarsest. The
serrations of SC2022.27.245 are finer and difficult
to discern along the apical one-half of the edges.
The serrations of both specimens are simple. The
labial crown faces are weakly convex, with the labial
crown foot being slightly thickened and projecting
beyond the root. The lingual crown face is very con-
vex, and all crown enameloid is smooth. The root
is massive, with a robust lingual boss bisected by a
narrow and elongated nutritive groove (Fig. 15A &
15D). A large foramen is visible within the groove
of SC2024.17.5. The root lobes are very short,
highly divergent, and are separated by a shallow and
broad V-shaped interlobe area.
Remarks. The two teeth described above
are differentiated from those of Hemigaleidae and
other Carcharhinidae within the Tupelo Bay For-
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Fig. 15 - Carcharbinus sp. from the Tupelo Bay Formation. A-C)
anterolateral tooth, SC2022.27.245, in lingual (A), la-
bial (B), and mesial (C) views; anterolateral tooth (D-F),
SC2024.17.5, in lingual (D), labial (E), and mesial (F) views.
Scale bars: 1 cm.

mation by a combination of features that include
cutting edges that are serrated nearly to the apex,
a weakly differentiated distal heel, thickened labial
crown foot, and the lack of lateral cusplets and
distal heel denticles. Additionally, the cusp apices
of the two Carcharbinus sp. teeth do not exhibit a
“twisted” appearance along the mesial cutting edge
(Fig. 15C & 15F) as seen on teeth of Physogalens atf.
contortus (Gibbes, 1849; see below).

The two Carcharbinus sp. teeth bear some
resemblance to those of Galeocerdo clarkensis (see
below), as both taxa have cutting edges that are
serrated neatly to the cusp apex. Additionally, the
Galeocerdo teeth have a thickened labial crown foort,
compound (as opposed to simple) serrations, and
some specimens possess a more finely serrated heel
rather than a coarsely denticulated heel. However,
the Galeocerdo teeth typically have a much more con-
vex mesial edge, and the distal margin is very an-
gular due to the intersection of the well-developed
distal heel with the base of the cutting edge.

Two Eocene Carcharhinus species have been
described from the Gulf Coastal Plain, including C.
mancinae Ebersole et al., 2019 and C. #ngae Cicimurti
& Ebersole, 2021. The former taxon was described
based on specimens from the Bartonian “upper”
Lisbon Formation and Gosport Sand of Alabama,
whereas the latter was recovered from the “upper”
Lisbon Formation equivalent Cook Mountain For-
mation of Louisiana. The Gulf Coast taxa differ
from the Tupelo Bay Formation Carcharbinus sp. by
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having coarse compound serrations as opposed to
rather fine and simple serrations, and the distal heel
is easily differentiated from the remainder of the
crown.

Underwood & Gunter (2012) reported a Car-
charbinus sp. upper tooth that was recovered from
the Lutetian Guys Hill Formation of Jamaica. This
specimen, preserved in labial view, differs from the
two Tupelo Bay Formation Carcharbinus sp. teeth by
having a shorter but broader crown, a well-devel-
oped and very coarsely denticulated distal heel, and
angular transition from distal cutting edge to distal
heel. Teeth of C. underwoodi Samonds et al., 2019
from middle-to-upper Eocene deposits of Mada-
gascar exhibit a curved transition from distal cut-
ting edge to distal heel like that occurring on the
South Carolina Carcharbinus sp. teeth. However, the
cusp of C. underwood: is broader, the mesial cutting
edge more coarsely serrated, and the distal heel has
coarser denticulation compared to the Tupelo Bay
Formation teeth.

Adnet et al. (2007) identified a new species,
Carcharhinus balochensis, based on teeth recovered
from the upper Eocene (Priabonian) Kirthar For-
mation of Pakistan. The upper anterior teeth of
this species are very different from the Tupelo Bay
Formation specimens, as the cusps are broader and
the cutting edges are more heavily serrated. Howev-
et, the upper lateral teeth of the Pakistan species are
somewhat similar to the South Carolina material but
appear to have a broader and more distally inclined
cusp and more coarsely serrated mesial cutting edg-
es. Additional Tupelo Bay Formation specimens are
needed to elucidate the identity of the species rep-
resented by SC2022.27.245 and SC2024.17.5.

Genus Negaprion Whitley, 1940

Negaprion gilmorei (Leriche, 1942)
Fig. 16A—H

1942 Sphyrna gilmorei — Leriche, p. 45, pl. 4, fig. 1.

1956 Negaprion gibbesi gilmorei — White, p. 142, pl. 2 fig. 9.

1956 Hypoprion greyegertoni — White, p. 137, pl. 2 fig. 7.

1981 Negaprion enrybathrodon (Blake, 1862) — Case, p. 64, pl. 6, figs.
1-3.

1981 Sphyrna 3gaena (Linnaeus, 1758) — Case, p. 606, pl. 8, fig. 4.

1981 Scoliodon terraenovae (Richardson, 18306) — Case, p. 64, pl. 5, fig.
5.

1999 Carcharbinus gilmorei (White, 1956) — Miiller, p. 49, pl. 7, fig. 1.

2003 N. enrybathrodon (Blake, 1862) — Parmley & Cicimurri, p. 173,
fig. 7 B.

2019 Negaprion gilmorei (White, 1956) — Ebersole et al., p. 73-77,
fig. 27.
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Material: 44 teeth, including: SC2001.109.3, SC2015.59.9,
SC2015.59.10  (Fig. 16A-B), SC2015.59.11 (11 specimens),
SC2018.7.12, SC2018.7.13, SC2018.7.14, SC2018.7.120 (Fig. 16G—
H), SC2018.7.121, SC2018.7.122 (Fig. 16E-F), SC2018.7.123 (6 spec-
imens), SC2018.7.124, SC2018.7.125 (4 specimens), SC2018.7.126
(4 specimens), SC2022.27.246, SC2022.27.247, SC2022.27.248,
SC2022.27.249, SC2022.27.250, SC2022.27.251 (Fig. 16C-D),
S$C2022.27.252, SC2022.27.253, SC2022.27.254.

Description. Two tooth morphologies are as-
signed to this species, the first of which consists of
teeth with a broadly triangular crown consisting of
a large cusp separated from mesial and distal shoul-
ders by a slight notch in the enameloid. The labial
face of the crown is flat, whereas the lingual face
is convex, and both faces bear smooth enameloid.
The smooth cutting edges extend across the entirety
of the cusp. The mesial and distal shoulders may be
oblique or perpendicular to cusp height, and they
vary in length. The shoulders are generally smooth
but may be weakly crenulated on one or both sides
of the crown. The root is bilobate, with short but
widely diverging, rectangular lobes. The intetlobe
area ranges from V-shaped to U-shaped, and a thick-
ened medial area on the lingual side of the root is
bisected by a long nutritive groove. These teeth can
attain widths of 1.3 cm and crown heights of just
under 1 cm.

The second morphology includes teeth with
a rather short and very narrow main cusp that is
flanked by elongated mesial and distal shoulders. The
cusp has a flat labial face but convex lingual face, and
the enameloid is smooth on both faces. The smooth
cutting edges extend along the cusp and onto the
lateral shoulders and are generally not separated by a
notch. The shoulders vary in length and are generally
perpendicular to cusp height. Overall tooth width
can reach 1 cm but crown height measures less than
7.0 mm.

Remarks. Negaprion gilmorei exhibits monog-
nathic and dignathic heterodonty. Anterior teeth
from the upper dentition are rather symmetrical
and narrow (mesio-distally) and have a broad cusp
with short and highly oblique lateral shoulders (Fig;
16G-H). Lateral teeth are comparatively wider and
have more elongated and less oblique shoulders, and
the cusp is distally directed (Fig. 16E—F). Teeth from
the lower dentition have a simple crown consisting
of a narrow cusp and elongated heels. Anterior teeth
are rather narrow with an erect cusp (Fig. 16C-D),
whereas lateral teeth have a distally inclined cusp and
more elongated shoulders (Fig. 16A-B).
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SC2001.109.3 was recovered from matrix sur-
rounding the incomplete Pristis Link, 1790 rostrum
(8C2001.209.1) described by Cicimurri (2007; this
specimen is also discussed below). A tooth reported
by Westgate (1984) from the middle Eocene Crow
Creek local fauna is an upper antero-lateral tooth
of N. gilmorei. This species was reported in lower-
to-middle Eocene deposits of Alabama, where it
was particularly common in the Bartonian Gosport
Sand (Ebersole et al. 2019). In Louisiana, the spe-
cies occurs in middle-to-upper Eocene strata of the
Cook Mountain Formation, Yazoo Clay, and Dan-
ville Landing Formation (Manning & Standhardt
1986; McPherson and Manning 1986; Ebersole
& Cicimurri 2025). Case (1981) and Cicimurri &
Knight (2019) documented this species in the up-
per Eocene (Priabonian) Dry Branch Formation of
Georgia and South Carolina, respectively. The spe-
cies is also very common in the Clinchfield Forma-
tion of Georgia (Parmley & Cicimurri 2003).

Genus Physogalens Cappetta, 1980

Physogaleus aff. contortus (Gibbes, 1849)
Fig 161-U

Material: 13 teeth, including: SC2015.59.4, SC2018.7.9 (Fig.
161-1), SC2018.7.98, SC2018.7.99, $C2022.27.236 (Fig. 16M-0),
$C2022.27.237, $C2022.27.238, $C2022.27.239, SC2022.27.240,
$C2022.27.241 (Fig. 16P-R), SC2022.27.242, SC2022.27.243,
$C2022.27.244 (Fig. 165-U).

Description. The largest teeth in our sample
measure up to 1.5 cm in apico-basal height but are
generally less than 1.5 cm in mesio-distal width. The
crown consists of a cusp and distinctive distal heel.
The distally slanting mesial cutting edge is elongat-
ed and can be straight, uniformly convex, or sinu-
ous. The distal cutting edge is much shorter, rather
straight, and can be vertical or distally inclined. The
mesial and distal cutting edges meet apically to form
a very narrow (mesio-distally) and sharply pointed
cusp. With respect to the mesial cutting edge, it is
weakly crenulated to conspicuously denticulated up
to one-half the crown height, whereas the remain-
ing apical portion is smooth. The apical portion of
the mesial cutting edge is also sinuous, which results
in the cusp having a twisted appearance in mesial
view. The distal cutting edge is smooth. The distal
heel varies in length and is crenulated to conspicu-
ously denticulated. Denticles can be of equal size or
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Fig. 16 - Carcharhinidae from the Tupelo Bay Formation. A-H) Negaprion gilmorei, lower right lateral tooth (A-B), SC2015.59.10, in labial (A)
and lingual (B) views; lower anterior tooth (C-D), SC2022.27.251, in labial (C) and lingual (D) views; upper left lateral tooth (E-F),
SC2018.7.122, in labial (E) and lingual (F) views; upper left anterior tooth (G-H), SC2018.7.120, in labial (G) and lingual (H) views.
1-U) Physogalens aff. contortus, anterolateral tooth (I-L), SC2018.7.9, in labial (I), lingual (J), mesial (K), and occlusal (L) views; anterior
tooth (M-0O), SC2022.27.236, in lingual (M), mesial (N), and occlusal (O) views; lateral tooth (P-R), SC2022.27.241, in lingual (P),
mesial (Q), and occlusal R) views; symphyseal tooth (S-U), SC2022.27.244, in labial (S), lingual (T), and mesial (U) views. Scale bars: 5

mm in A-H & S-U, 1 cm in J-R.

decrease in size distally. The distal heel is separated
from the distal cutting edge by a weak notch. The
cutting edges are smooth. The bilobate root has ro-
bust but short, highly diverging lobes with rounded
extremities. A massive lingual boss is bisected by a
narrow and elongated nutritive groove. The labial
crown face is flush with the transition to the root.
Remarks. Although or sample size is small,
the specimens demonstrate that monognathic het-
erodonty was developed in this taxon. A symphyseal
tooth in our sample (SC2022.27.244) is symmetrical
with oblique crenulated mesial and distal heels (Fig;
165-T). Specimens we identify as anterior teeth
have a tall and somewhat erect cusp, with a highly
sinuous mesial cutting edge (Fig. 16M—O). The me-

sial edge is straighter on lateral teeth, and the cusp is
more distally inclined, with cusp height decreasing
but inclination increasing towards the commissure
(compare Fig, 16] to 16P).

The teeth described above are easily distin-
guished from those of H. curvatus lateral teeth by
their flat labial crown face, lack of denticulation,
having a much narrower cusp, a distal heel that is
well-separated from the cusp, and massive lingual
boss. Teeth of Galeocerdo (see below) have a wider
cusp, serrated cutting edges, the cusp apex is not
“twisted” in mesial view, and although the distal
heel is distinguished from the distal cutting edge by
a conspicuous notch, the angle formed by these two
structures is obtuse (as opposed to 90° or less on P.
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aff. contortus). Galeorhinus teeth are smaller and have
an ornamented labial crown foot that overhangs the
root. These Physogalens teeth are morphologically
like the two Carcharbinus sp. teeth described above
but they differ by having teeth with a distinct notch
separating the distal cutting edge from the heel, the
cutting edges of the cusp are smooth, and the cusp
apex is conspicuously twisted (compare Figs. 161 &
16K to 15B/E & 15C/F).

The features outlined above also serve to
differentiate these Physogalens teeth from those of
Tupelo Bay Formation P. aff. secundus (see below).
Teeth of the latter taxon are smaller, have well-de-
veloped distal heel denticulation, a straighter mesial
cutting edge that is crenulated to strongly denticu-
lated, and the root is more gracile in appearance (Fig;
17). With respect to the nature of the mesial cutting
edge, Gibbes (1849) noted its “twisted” appearance
and he ascribed the morphology to his new taxon,
Galeocerdo contortus (= Physogalens herein). Physogalens
contortus was recently documented form the lower-
most Catahoula Formation (lower Chattian, Oligo-
cene) of Mississippi by Cicimurti et al. (2025b), and
these authors noted that Gibbes’s (1849) specimens
may have been derived from the Rupelian Ashley
Formation (Oligocene, Rupelian, NP24) of South
Carolina. Teeth like those from the Tupelo Bay For-
mation were also recently reported by Cicimurri et
al. (2025a) from the Yazoo Clay of Alabama.

The Tupelo Bay Formation teeth are com-
parable to the Oligocene specimens from Missis-
sippi and South Carolina in that the cusps of all
specimens have a “twisted” appearance in mesial
view. However, the Tupelo Bay Formation teeth
differ by being smaller in overall size, having weakly
developed mesial edge and distal heel denticles, and
having smooth cutting edges on the cusp. It is pos-
sible that the Tupelo Bay Formation taxon repre-
sents a plesiomorphic ancestor of Oligo-Miocene
P. contortus populations. Zouhti et al. (2021) report-
ed an unspeciated Physogalens morphology from the
middle Eocene of Morocco that is very similar to
the Tupelo Bay Formation specimens. Unfortunate-
ly, those authors did not describe the mesial cutting
edge, nor did they provide images of teeth in mesial
view (i.e., their fig. 4A—4C).

Physogaleus aff. secundus (Winkler, 1874)
Fig. 17
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Material: 65 tecth, including: SC2015.59.3, SC2015.59.5,
SC2018.7.11,  SC2018.7.100,  SC2018.7.101,  SC2018.7.102
(Fig 17S-T), $C2022.27.201, SC2022.27.202, SC2022.27.203,
SC2022.27.204, $C2022.27.205, $C2022.27.206 (Fig 17Y-7),
$C2022.27.207 (Fig 17U-V), $C2022.27.208, S$C2022.27.209
(Fig. 17AA-BB), $C2022.27.210 (Fig 17CC-DD), $C2022.27.211
(2 specimens), SC2022.27.212, SC2022.27.213 (Fig. 17W-X),
$C2022.27.214, $C2022.27.215 (11 specimens), SC2022.27.216
(Fig 17A-B), $C2022.27.217 (Fig. 17M-N), $C2022.27.218 (Fig
17Q-R), $C2022.27.219, $C2022.27.220, $C2022.27.221 (10 speci-
mens), SC2022.27.222, SC2022.27.223, $C2022.27.224 (Fig 171—
J), $C2022.27.225 (Fig 170-P), SC2022.27.226 (2 specimens),

SC2022.27.227, SC2022.27.228, SC2022.27.229 (Fig. 17G-H),
S$C2022.27.230, SC2022.27.231 (Fig. 17K-L), SC2022.27.232,
SC2022.27.233 (Fig. 17C-D), SC2022.27.234 (Fig. 17E-F),

SC2022.27.235 (3 specimens).

Description. The teeth vary in apico-basal
height and mesio-distal width but reach up to 8
mm and 9 mm in these dimensions, respectively.
The crown consists of a well-developed cusp and
a distal heel. The mesial cutting edge is elongated
and may be concave, straight, sinuous, or weakly
convex. The distal cutting edge is much shorter and
may be straight or convex to varying degrees. The
mesial and distal cutting edges intersect apically to
form the cusp, which may be narrow or broad, and
its apex is sharply pointed. The mesial edge may be
completely smooth, or weakly crenulated to strong-
ly denticulated along its basal half, whereas the dis-
tal edge is always smooth. The distal heel varies in
length, is roughly perpendicular to cusp height, and
separated from the cusp by a conspicuous notch.
The heel typically bears two to three denticles that
decrease in size distally. Some larger teeth bear four
well-developed denticles and even a fifth diminu-
tive one can occur. The labial crown face is weakly
convex and does not have a distinctive labial con-
vexity that overhangs the root. The lingual face is
more convex, and both crown faces have smooth
enameloid. The root is bilobate, with short sub-
rectangular lobes that are highly diverging and sepa-
rated by a very shallow U- or V-shaped interlobe
area. The lingual root face is convex and bisected by
a conspicuous nutritive groove.

Remarks. Although morphologically vari-
able, we believe that the Tupelo Bay Formation
teeth described above represent heterodonty within
a single taxon. With respect to monognathic heter-
odonty, the anterior teeth have a narrow but fairly
erect cusp and short distal heel (i.e, Fig. 17Y-Z &
17AA-BB). Teeth from lateral files are wider, with
a broader and more distally inclined cusp and more
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Fig. 17 - Physogaleus aff. secundus from the Tupelo Bay Formation. A-B) juvenile lateral tooth, SC2022.27.216, in labial (A) and lingual (B) views;
juvenile lateral tooth (C-D), SC2022.27.233, in labial (C) and lingual (D) views; juvenile lower anterior tooth (E-F), SC2022.27.234, in
labial (E) and lingual (F) views; upper right anterior tooth (G-H), SC2022.27.229, in labial (G) and lingual (H) views; juvenile lower
anterior tooth (I-]), SC2022.27.224, in labial (I) and lingual (J) views; juvenile lower anterolateral tooth (K-L), SC2022.27.231, in labial
(K) and lingual (L)) views; upper lateral tooth (M-N), SC2022.27.217, in labial (M) and lingual (N) views; posterolateral tooth (O-P),
S$C2022.27.225, in labial (O) and lingual (P) views; upper lateral tooth (Q-R), SC2022.27.218, in labial (QQ) and lingual (R) views; upper
anterolateral tooth (S-T), SC2018.7.102, in labial (S) and lingual (T) views; lower(?) anterior tooth (U-V), SC2022.27.207, in labial (U)
and lingual (V) views; lower(?) lateral tooth (W-X), SC2022.27.213, in labial (W) and lingual (X) views; upper anterior tooth (Y-Z),
§$C2022.27.200, in labial (Y) and lingual (Z) views; anterior tooth (AA-BB), SC2022.27.209, in labial (AA) and lingual (BB) views; lower
lateral tooth (CC-DD), SC2022.27.210, in labial (CC) and lingual (DD) views. Scale bars: 5 mm.

elongated distal heel (i.e., Fig. 17S & 17C). The cusp
height decreases but inclination increases towards
the commissure (i.e., Fig. 17§, 17Q), 17A). Dignathic
heterodonty is also evident with upper teeth having
a wide cusp and a straight to convex mesial edge
(.e., Fig. 177, 17T, 17R). In contrast, lower teeth
have a rather narrow cusp and conspicuously con-
cave mesial edge (i.e., Fig. 17DD, 17L, 17P).

The teeth described above are superficially
similar those of other carcharhiniform taxa co-oc-
curring in the Tupelo Bay Formation. However, they
can be separated from those of Galeorbinus semiser-
ratus sp. nov. by their less thickened labial crown
foot that is unornamented and does not overhang
the root. The lack of serrations distinguishes these
Physogaleus teeth from similatly sized specimens of
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Galeocerdo. Upper teeth of Negaprion gilmorei never
possess strong denticulation as occurs on the distal
heel and often the lower part of the mesial edge
of P. aff. secundus. Co-occurring P. aff. contortus (see
above) teeth are larger and more robust, have finer
and more numerous denticulation on the distal heel,
and a conspicuously “twisted” cusp apex.

The taxon P. secundus was very widely distrib-
uted during the Eocene, having been reported from
widely disparate locations in the USA (i.e., Case &
Borodin 2000b; Ebersole et al. 2019; Ebersole &
Cicimurri 2025), Europe (i.e., Van den Eekhaut &
De Schutter 2009; Trif et al. 2019; Kovalchuck et
al. 2023), Asia (Malyshkina et al. 2013; Malyshkina
& Ward 2016; Popov et al. 2025), and Africa (i.e.,
Casier 1957; Dartevelle & Casier 1959; Boulemia &
Adnet 2023).

Family Galeocerdonidae Poey, 1875
Genus Galeocerdo Muller & Henley, 1838

Galeocerdo clarkensis White, 1956
Fig. 18

2000a Galeocerdo latidens White, 1926 — Case & Borodin, p. 10, pl. 4,

figs. 35-38.

2000b Galeocerdo latidens White, 1926 — Case & Borodin, p. 28 & 30,
pl. 4, figs. 37-39.

2003 G. alabamensis Leriche, 1942 — Parmley & Cicimurri, p. 170—
171, fig. 6 B.

2019 G. clarkensis White, 1956 — Ebersole et al., p. 103105, fig. 104

Material: 18 tecth, including: SC2015.59.2, SC2018.7.12,
$C2018.7.110, SC2018.7.111, SC2018.7.112, SC2022.27.266 (Fig.
181-K), SC2022.27.267 (Fig 18F-H), $C2022.27.268 (Fig, 18A—
B), 5C2022.27.269 (Fig. 17C-F), $C2022.27.270, SC2022.27.271,
$C2022.27.272, SC2022.27.273 (Fig 18R-T), SC2022.27.274,
$C2022.27.27 (Fig, 17 0-Q), SC2024.17.6 (Fig, 18L-N), SC2024.17.7
(Fig. 18X~7), SC2024.17.8 (Fig. 18U-W)).

Description. The teeth are broad (up to 2
cm in mesio-distal width) and roughly triangular,
although there is a distinctive angular distal crown
margin. The crown has a long mesial cutting edge
that intersects with a much shorter distal edge to
form a sharply pointed cusp, which is rather high
and narrow (mesio-distally). The mesial cutting
edge is usually weakly sinuous with the medial por-
tion varying in convexity (i.e., strongly or weakly
convex), although some specimens have a uniform-
ly convex edge. The mesial cutting edge is serrated,
with the largest serrations occurring on the lower
one half. However, serrations decrease in size both

basally and apically, where they do not quite reach
the cusp apex. The distal cutting edge ranges from
vertical to inclined to varying degrees, is straight to
moderately convex, and is serrated. The distal cut-
ting edge serrations are of the same size as those on
the basal or apical parts of the mesial cutting edge.
The posterior one-third to one-half of the crown is
comprised of a distal heel, and this forms a distinc-
tive notch with the distal cutting edge. The cutting
edge of the heel is sloping and very coarsely ser-
rated, with serrations decreasing in size distally. All
serrations are weakly compound (i.e., smaller serra-
tions on the primary serrations). The labial crown
face is flat to weakly convex, and the crown foot is
rounded such that it overhangs the root, with a dis-
tinct furrow occurring at the crown/root juncture.
The lingual face is strongly convex and the crown
enameloid is smooth. There is a conspicuous trans-
verse furrow at the crown/root juncture. The root
is thick, with a robust transverse lingual swelling and
medial boss. The boss is bisected by a wide, shallow,
elongated nutritive groove that often bears a large
foramen. Root lobes are short, rectangular, strongly
divergent, and separated by a relatively shallow U-
or V-shaped intetlobe area.

Remarks. Numerous nominal fossil species
have been assigned to Galeocerdo, but only six were
recognized by Turtscher et al. (2021), including G.
aduncus (Agassiz, 1835), G. capellini Lawley, 1876, G.
clarkensis White, 1956, G. eaglesomez, White, 1955, G.
maynmbensis Dartevelle & Casier, 1943, and extinct
members of G. awier (Lesueur, 1822). In addition,
Cicimurri et al. (2025b) recently named G. platycus-
pidatum based on Oligocene specimens from Mis-
sissippi, USA, and this taxon was later tentatively
identified from the upper Eocene Yazoo Clay in Al-
abama (Cicimurri et al. 2025a). The Tupelo Bay For-
mation Galeocerdo teeth are identified as G. clarkensis
because they are the same size, have the same gross
morphology, and have weakly compound serrations.
In contrast, teeth of middle Eocene G. eaglesomei
have simple serrations (i.e., the primary serrations
lack additional serrae) and the more convex mesi-
al edge of Oligo-Pliocene G. aduncus is irregularly
serrated (large and small serrations variously devel-
oped). Additionally, G. eaglesomei teeth generally lack
a distinct notch marking the transition from distal
cutting edge to distal heel. Teeth of Oligo-Miocene
G. mayumbensis and Pliocene to modern-day G. cu-
vier attain larger overall sizes and have larger and
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Fig. 18 - Galeocerdo clarkensis from the Tupelo Bay Formation.(A-B) lateral tooth, SC2022.27.268, in labial (A) and mesial (B) views; lateral tooth
(C-E), §C2022.27.269, in lingual (C), labial (D), and mesial (E) views; anterolateral tooth (F-H), SC2022.27.267, in lingual (F), labial
(G), and mesial (H) views; symphyseal tooth (I-K), SC2022.27.266, in lingual (I), labial (J), and mesial (K) views; juvenile anterior tooth
(I-N), SC2024.17.6, in lingual (L), labial (M), and mesial (N) views; juvenile lateral tooth (O-Q), SC2022.27.275, in lingual (O), labial
(P), and mesial (Q) views; posterior tooth (R-T), SC2022.27.273, in lingual R), labial (S), and mesial (T) views; posterolateral tooth
(U-W), SC2024.17.8, in lingual (U), labial (V), and mesial (W) views; juvenile lateral tooth (X-Z), SC2024.17.7, in lingual (X), labial (Y),

and mesial (Z) views. Scale bars: 1 cm.

more complexly serrated cutting edges compared
to Galeocerdo clarkensis. Additionally, G. mayumbensis
teeth have a relatively small cusp compared to tooth
size, and the distal heel is strongly oblique to tooth
height. Teeth of G. platycuspidatum ditfer from G.
clarkensis by attaining much larger overall size, hav-
ing a much wider but shorter cusp, and a distal heel
that forms an obtuse angle with the distal cutting
edge. Pliocene G. capellini is known by a single tooth
that may be synonymous with G. cuwier (i.e., Apple-
gate 1978; Turtscher et al. 2021), but in any case,
teeth are apparently much larger than any specimen
of G. clarkensis available to us. The Eocene taxon G.
aegyptiacus Stromer, 1905 is difficult to interpret be-
cause a physical description is lacking, but the speci-
men originally illustrated (Stromer 1905: pl. XVI,
fig. 4) has a more convex mesial cutting edge and
narrower, more strongly inclined cusp compared to
G. clarkensis.

We examined jaws of extant G. cuvier that rep-
resent three growth stages, with SC2000.120.10 rep-
resenting the largest individual (approx. 45-cm gape),
SC2020.53.18 the smallest (approx. 12-cm gape) and
SC2020.53.4 of intermediate size (roughly 24-mm
gape). Based on these jaws, the range of variation
observed on Tupelo Bay Formation specimens rep-

resents, at least in part, monognathic heterodonty.
A presumed symphyseal tooth is nearly symmetrical,
with a slightly distally inclined cusp, and more angular
distal margin (Fig. 181-K). Within the remainder of
the sample, tooth shape changes gradually towards
the commissure, with overall tooth width increasing
but height decreasing, and cusp inclination increas-
ing (compare Figs. 18G, 18A, and 18S). With respect
to dignathic heterodonty in G. cuwier, Cicimurti et al.
(2025b) noted that cusp width was the same between
the upper and lower dentitions, but the cusp length
of upper teeth was slightly greater than that of lower
teeth. Unfortunately, our sample size of G. darkensis
teeth is too small and variable for us to confidently
distinguish upper from lower teeth.

Several small teeth in the sample are thought
to be those of juvenile individuals (ontogenetic het-
erodonty) of G. clarkensis. These teeth measure 1 cm
in width and have fewer distal heel denticles and less
complex serrations compared to larger teeth, a phe-
nomenon that Ebersole et al. (2019) and Cicimurri
et al. (2025b) observed in the ontogenetic series of
extant G. auwier jaws at SC. It is interesting to note
that, compared to the overall size of the tooth, the
cusp of these smaller teeth is conspicuously short-
er but wider than that of the larger teeth (compare
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Figs. 18L, 180, 18X to 18F & 18C). The small Galeo-
cerdo teeth are easily differentiated from co-occurring
Galeorhinus semiserratus sp. nov. and Physogaleus spp. by
having mesial and distal serrations extending nearly
to the cusp apex, and the serrations are compound.
Additionally, the labial crown foot of Galeocerdo is
thickened and overhangs the root, whereas that of
Physogalens is flat. Furthermore, the Galeocerdo teeth
lack labial ornamentation as occurs on the crown
toot of Galeorhinus teeth.

Galeocerdo clarkensis was based on teeth from
the Priabonian Yazoo Clay of Alabama (White 1950),
but the species was also confirmed from the Yazoo
Clay of Louisiana (Ebersole & Cicimurri 2025), the
Bartonian Gosport Sand of Alabama (Ebersole et
al. 2019), and Moodys Branch Formation (Barto-
nian) of Alabama (MSC 43272) and Louisiana (Eb-
ersole & Cicimurri 2025). A specimen reported by
Westgate (1984) from the Crow Creek local fauna
of Arkansas also appears to represent this species.
Based on examination of Galeocerdo teeth included
in accessions SC2004.34 and SC2013.43, teeth from
Barnwell Group strata of Georgia (Clinchfield and
ovetlying Dry Branch formations) reported by Case
& Borodin (20002) and Parmley & Cicimurri (2003)
are G. clarkensis. Case & Borodin (2000b: pl. 4, figs.
37-39) identified G. latidens from the Lutetian Cas-
tle Hayne Formation of North Carolina, and these
teeth are morphologically consistent with G. carken-
sis, including development of compound serrations.
The taxon may occur in the Dry Branch Formation
(Priabonian) of South Carolina, but the material is
too imperfectly preserved for specific identification
(Cicimurri & Knight 2019). Galeocerdo clarkensis was
recently identified in the Bartonian Bandah Forma-
tion of western India (Rana et al. 2021). Galeocerdo
clarkensis differs from Galeocerdo sp. teeth occurring
in the eatly Oligocene (NP23) Red Bluft Clay (over-
lying the Yazoo Clay) of Alabama (Ebersole et al.
2024) by its larger size, mesio-distally wider crown
but smaller main cusp, and more numerous but
smaller distal heel denticles.

Division BATOMORPHI Cappetta, 1980
Order Rhinopristiformes Naylor et al., 2012
Family Pristidae Bonaparte, 1838
Genus Pristis Linck, 1790

Pristis sp.
Fig. 19A-H

Material: partial rostrum and associated spines, SC2001.109.1
(Fig. 19A-D); two isolated spines, including SC2022.27.279,
SC2022.27.280 (Fig. 19E-H).

Description. SC2001.109.1 is a partial ros-
trum that was described by Cicimurri (2007; for-
merly identified under the number SC2001.1) and
assigned to P. lathami Galeotti, 1837. The isolated
spines are elongated (roughly 12 cm) with approxi-
mately parallel anterior and posterior margins along
some or nearly all of their length (Fig. 19C). Near
the distal end, the anterior margin curves sharply a
short distance to intersect with the posterior margin.
Except for the distal tip, the anterior spine margin
is convex, whereas the posterior margin is concave
along the spine length (Fig. 19B & F). The dorsal
and ventral surfaces are flat to weakly convex. In
anterior/postetior view the spines can be straight
or have a conspicuous ventral curvature (Fig. 16A).
The distal tip of the spine is thin with a sharp ante-
rior edge, and fine striations on the dorsal and ven-
tral surfaces are oblique to spine length (Fig. 16G).

SC2022.27.279 and SC2022.27.280 are ad-
ditional isolated rostral spines measuring up to 7.6
cm in length. These are comparable to the spines of
SC2009.1.1, but they conspicuously differ in the de-
gree of taper at the distal end. On these two spines,
the anterior and posterior margins converge gradu-
ally to a sharp distal point, whereas on all the spines
of SC2009.1.1, the anterior margin sharply curves
posteriotly close to the distal tip. This morphology
results in the spines having an abruptly truncated
appearance. In contrast, the anterior margin of
SC2022.27.279 and SC2022.27.280 tapers posteri-
orly (and is sharp) along a greater proportion of its
length, resulting in a knife-like appearance. These
latter spines also exhibit fine striations that are ori-
ented oblique to spine length.

Remarks. In his description of SC2001.109.1,
Cicimurri (2007) assigned the specimen to Pris-
tis lathami based on the rostral spine morphology.
However, Ebersole et al. (2019) noted the difficulty
of speciating isolated Pristis spines based on their
morphology, and we observed variation among the
spines along the right and left sides of an extant
Pristis rostrum (i.e.,, SC90.80.1). We therefore sim-
ply refer to SC2009.109.1 as Pristis sp. Although
there are differences in spine morphology within
our sample (compare Fig. 19A-D to 19E—H)), this is
within the range of variation exhibited by SC90.80.1
and the specimens are likely conspecific. As noted
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Fig. 19 - Pristidae from the Tupelo Bay Formation. A-H) Pristis sp., left rostral spine (A-D), SC2009.109.1, in posterior (A), basal (B), dorsal
(C), and anterior (D) views; left rostral spine (E-H), SC2022.27.280, in posterior (E), basal (F), ventral (G), and anterior (H) views.
1-R) Propristis schweinfurthi, right rostral spine (I-M), SC2022.27.276, in posterior (I), anterior (J), dorsal (K), ventral (L)), and basal (M)
views; right rostral spine (N-Q), SC2022.27.277, in posterior (N), anterior (O), ventral (P), dorsal (Q), and basal views (R). Pristidae
indet. vertebral centrum (S-U), SC2018.7.17, in outer (S), articular (T), and cross-sectional (U) views. Scale bars: 1 cm in N-R, 2 cm in
I-L & S-U, 5 cm in A-H.
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by Cicimurri (2007), fine dorsal and ventral stria-
tions on the rostral spines (Fig. 19G) are probably
related to their use in probing the coarse ocean
bottom for prey. Several of the spines, particularly
those of SC2009.109.1, exhibit multiple clusters of
short, parallel grooves on patts of the anterior and/
or posterior faces where significant dentine loss oc-
curs (Fig. 19C-E). These ichnofossils are similar to
marks identified as having been made by the radula
of grazing chitons (i.e., De Gibert et al. 2007, Kaz-
mér et al. 2015; Collareta et al. 2023).

The genus Pristis was widespread in the At-
lantic and Gulf Coastal plains during the Eocene,
and within the former, this taxon has been reported
from the Castle Hayne Formation of North Caro-
lina (Case & Borodin 2000b) and Ocala Limestone
of Georgia (Case, 1981). Rostral spines also oc-
cur in the Clinchfield Formation of Georgia (i.e.,
SC2004.34.78). In the Gulf region, the genus is
known from the Tallahatta and Lisbon forma-
tions and Gosport Sand of Alabama (Ebersole et
al. 2019), the Gosport Sand/Moodys Branch Fot-
mation in Arkansas (Westgate 1984), Cane River
(NP15), Cook Mountain (NP16), and Moodys
Branch (NP17) formations and Yazoo Clay of Lou-
isiana (Lancaster 1986; Manning & Standhard 1986;
McPherson & Manning 1986; Ebersole & Cicimurri
2025), and Texas within the Lutetian Laredo Forma-
tion (Westgate 1989) and Lutetian-Bartonian Stone
City Formation (Breard & Stringer 1999). We note
that Case (1981) named Pristis pickeringi based on a
single rostral spine from the Clinchfield Formation
of Georgia. That specimen is difficult to evaluate
based on the limited description and images pro-
vided (pl. 9, fig. 2), but it is similar to rostral spines
of Mesopristis osonensis Farrés, 2003 (generically syn-
onymized with Anoxypristis by Cappetta 2012) and
Anoxcypristis mucrodens (White, 19206; see also Asan et
al. 2022). We did not observe comparable spines in
the Clinchfield Formation collections at SC.

Genus Propristis Dames, 1883

Propristis schweinfurthi Dames, 1883
Fig. 191-R

Material: three rostral spines, including: SC2022.27.276 (Fig.
191-M), SC2022.27.277 (Fig. 19N-R), SC2022.27.278.

Description. The rostral spines are relatively

short (up to 2.5 cm apico-basally), antero-posteri-
otly broad (slightly over 2 cm), and dorso-ventrally
thin (about 7 mm). The anterior and posterior mar-
gins are roughly parallel for a short distance from
the base, after which the anterior margin abruptly
diverges towards the posterior margin. The poste-
rior margin is sharp, and the distal end of the spine
is developed into a thin, sharp blade. The basal one-
third to one-half of the spine has a wrinkled texture
that parallels the spine length, and very fine growth
lines are also visible.

Remarks. Propristis rostral spines are easily
separated from those of Pristis due to their shorter
length, thinner profile, and sharper edges. Addition-
ally, Propristis spines articulated to the rostrum via
a shallow saddle-shaped depression (Fraas 1907),
whereas Pristis spines were set in deep recesses
(Cicimurri 2007). The apical edges of the spines are
sharp, and oblique striations are visible on the dor-
sal and ventral surfaces of Propristis spines, indicat-
ing they were used in a similar manner as those of
Pristis (i.e., for disturbing the sandy ocean floor for
buried prey). Variable spine lengths (compare Fig.
19K to 19P) may reflect their location along the ros-
trum (i.e., shorter spines were likely located near the
proximal end).

Propristis schweinfurthi was apparently uncom-
mon in North America during the middle-to-upper
Eocene, having only been reported from the Bar-
tonian Gosport Sand in Alabama (Ebersole et al.
2019) and Moodys Branch Formation of Louisiana
(Manning & Standhardt 1986; Ebersole & Cicimurri
2025), and the Priabonian Dry Branch Formation
of Georgia (Case, 1981) and Yazoo Clay of Lou-
isana (Breard & Stringer 1995). However, numerous
specimens were recovered from the Riggins Mill
Member of the Clinchfield Formation of Georgia
(i.e., SC2004.34.82, SC2013.44.41). The taxon is
well-documented in Egypt (i.e., Dames 1883; Asan
et al. 2022) and has also been reported from Mo-
rocco (Adnet et al. 2010; Zouhri et al. 2021) and
Tunisia. In Europe, rostral spines have been identi-
fied in Spain (Farrés & Fierstine 2009) and England
(Kemp et al. 1990).

Pristidae gen. indet.
Fig, 195-U

Material: two vertebral centra, including: SC2015.59.27,
SC2018.7.17 (Fig. 19S-U).
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Remarks. Although the centra are broken
they appear to have maintained their original shape.
Both have a circular anterior/postetior outline, and
these surfaces are concave (Fig. 19 U). The anterior
and posterior corpora calcarea form thick centrum
rims, and the outer surfaces are ablated such that
the specimens have a constricted appearance (Fig.
19S). There ate no dorsal, lateral, or ventral fenes-
trae, nor lamellae within intermedialia. The anterior
and posterior surfaces exhibit conspicuous concen-
tric growth lines (Fig. 19T & 19U), and these sug-
gest that the individuals represented by these speci-
mens were approximately 26 years of age at death.
Although we are unable to assign these two centra
to Pristis or Propristis, we include them here for com-
pleteness.

Order Myliobatiformes Compagno, 1973
Suborder Myliobatoidei Compagno, 1973
Family Myliobatidae Bonaparte, 1838
Genus Aetomylaens Garman, 1908

Aetomylaeus” sp.
Fig. 20A-H

1981 Myliobatis sp. — Case, p. 72, pl. 9, fig. 10.
2000a Myliobatis sp. — Case & Borodin, p. 12, pl. 5, figs. 51-55.

Material: three dentitions, including SC2022.27.299
(Fig. 20A-D), SC2022.27.300, SC2022.27.301; four teeth includ-
ing SC2022.27.302 (Fig. 20E-H), SC2022.27.303, SC2022.27.304,
SC2022.27.305.

Description. The symphyseal teeth are much
wider (mesio-distally) than long (labio-lingually),
and largest specimens available to us measure ap-
proximately 2.8 cm and 1.0 cm in these dimensions.
In occlusal view, labial and lingual crown margins
are parallel and the crown ranges from straight to
arcuate. The lateral angles (for articulation with lat-
eral teeth) are oblique and medially located. In la-
bial/lingual views, the crowns of unworn teeth are
high, particularly medially, but taper laterally, and the
occlusal surface can be straight or convex. In pro-
file view the crown is roughly vertical, although the
labial face is concave and the lingual face convex.
The labial face is ornamented with a reticulated net-
work of ridges that merge apically into anastomos-
ing vertical ridges, whereas the lingual face is finely
tuberculated. The labial and lingual crown foot can
be straight or convex, and the lingual crown foot is
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marked by a very thin and sharp transverse ridge.
The crown overhangs the root labially and laterally,
with the labial and lingual root faces being strongly
oblique in the lingual direction. There are numer-
ous tiny labial and lingual foramina occurring im-
mediately below the crown. The basal attachment
surface is rather flat and subdivided into numerous
closely spaced, parallel, narrow lamellae by nutritive
grooves. The lingual side of the root projects dis-
tally well beyond the crown foot.

Lateral teeth are longer than wide (i.e., 6 mm
and 2 mm, respectively), and although they appear
to have a diamond-shaped occlusal outline, they are
six-sided with very narrow labial and lingual faces.
The roots are divided into two or three lamellae by
one or two nutritive grooves.

Remarks. Upper and lower symphyseal teeth
are represented in our sample, with the upper teeth
having an arcuate occlusal outline, highly convex
occlusal surface, and straight crown foot and basal
root surface. In contrast, lower symphyseal teeth
(Fig. 20E—H) have a straight occlusal outline and
are thickest medially due to the very convex crown
foot (resulting in a basally convex root). Three up-
per dentitions are available to us (Fig. 20A-D) all
show that the overall occlusal surface is convex
both labio-lingually (Fig. 20C) and mesio-distally
(Fig. 20D). The anterior ends of the dentitions are
marked by a flat surface that was the triturating area
with the lower dentition. The individual teeth are
very tightly connected to one another. The convex
lingual crown face of a tooth crown is enveloped by
the concave labial surface of the succeeding tooth,
and the thin and protruding labial crown foot fits
within a groove and overlaps the transverse ridge
at the lingual crown foot of the preceding tooth.
Additionally, the tubercles on the lingual crown face
articulate with the pitted surface of the labial face
of the succeeding tooth. A single file of lateral teeth
is preserved on these specimens (Fig, 20B), but the
distal margins of these teeth are not preserved well
enough to determine if one or more additional dis-
tal files were present.

“Aetomylaens” is common in the Lisbon For-
mation and Gosport Sand of Alabama (Ebersole
et al. 2019), and Ebersole & Cicimurri (2025) re-
ported numerous teeth from the Cook Mountain
and Moodys Branch formations and Yazoo Clay
of Louisiana. Additional specimens were identified
in the Priabonian Dry Branch Formation of South
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Fig. 20 - Myliobatidae from the Tupelo Bay Formation. A-H) “Aetomylaeus” sp., upper dentition (A-D), SC2022.27.299, in occlusal (A), basal
(B), left lateral (C), and labial (D) views; lower symphyseal tooth (E-H), SC2022.27.302, in occlusal (E), basal (F), labial (G), and lingual
(H) views. I-V) “Myliobatis” sp., lower symphyseal tooth (I-M), SC2022.27.284, in occlusal (I), lingual (]), labial (K), basal (L), and right
lateral (M) views; lateral tooth (N-R), SC2022.27.287, in occlusal (N), labial (O), lingual (P), basal (Q), and profile (R) views; upper?
dentition (S-V), SC2022.27.286, in occlusal (S), lingual (T), labial (U), and basal (V) views. Scale bars: 5 mm in N-R, 1 cm in I-M &

S-V, 2 cmin A-H.

Carolina (Cicimurri & Knight 2019). The taxon was
likely more widespread during the Eocene than is
currently known, as we believe that the taxon has
frequently been misidentified as Rhinoptera or Myli-
obatis. For example, a partial lower dentition pur-
portedly from the Ocala Limestone of Georgia was

identified by Case (1981) as Myliobatis sp. His de-
scription lacks detail, but the illustrated specimen
(pl. 9, fig. 10) clearly shows characteristic ornament
on the labial face and lateral teeth that are longer
than wide, which is consistent with our “Aesomylac-
us” sp. At least two of the dentitions identified as
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Myliobatis sp. by Case & Borodin (2000a: pl. 5, fig.
51 & 53) that were purportedly recovered from the
Dry Branch Formation (Irwinton Sand) of Geor-
gia clearly show diamond-shaped lateral teeth and
are therefore regarded by us to be “Aetomylacus” sp.
Specimens at SC demonstrate that the genus was
quite common in the Clinchfield Formation of
Georgia (i.e., SC2004.34.45 and SC2004.34.406).

Herein we follow Cicimurri et al. (2025b) by
placing the generic name Aefomylaeus in quotations
to signify that, although the specimens we examined
are like those of extant 4etomylaens, molecular diver-
gence times indicate that the genus did not diverge
from a common ancestor until sometime during
the Miocene (i.e., Villalobos-Segura & Underwood
2020). Whichever taxon the Tupelo Bay Formation
teeth represents, it was geographically widespread
as teeth have been reported from middle Eocene
strata of Russia (Popov et al. 2025).

Genus Myliobatis Cuvier, 1816

“Myliobatis” sp.

Fig, 201-V

Material: partial dentition, including SC2022.27.286
(Fig. 20S-V); eight teeth, including SC2022.27.284 (Fig. 20I-M),
SC2022.27.285, SC2022.27.287 (Fig. 20N-R), SC2022.27.288 (5
specimens).

Description. Symphyseal teeth are mesio-
distally much wider than long, with the largest speci-
men in our sample measuring 2.3 cm in mesio-distal
width. In occlusal view, the labial and lingual crown
margins are parallel, and the crown is straight. The
lateral angles are sharp and roughly 90° and medially
located. In labial/lingual views the crown is thick-
est medially, and the occlusal surface is straight or
convex. In profile view the crown may be vertical
or appear lingually inclined due to oblique labial and
lingual faces. The labial face may be flat or weakly
concave, whereas the lingual face is flat or weakly
convex. The labial and lingual faces have a highly
tuberculated appearance. The labial and lingual
crown foot can be straight or convex, and the lin-
gual crown foot is marked by a shelf-like transverse
ridge. The crown overhangs the root labially and
laterally, with the labial and lingual root faces be-
ing slightly oblique in the distal direction. There are
numerous tiny labial and lingual foramina occurring
immediately below the crown. The basal attachment
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surface is rather flat and subdivided into numerous
closely spaced, parallel, narrow lamellae by nutritive

grooves. The lingual side of the root projects dis-
tally slightly beyond the transverse ridge.

The crowns of lateral teeth are approximate-
ly as wide mesio-distally as long and appear to be
four-sided with a squared occlusal outline, but they
are six-sided with narrow labial and lingual faces.
The largest tooth in our sample measures 6 mm in
mesio-distal width. All the teeth in our sample are
worn to some degree, and the labial face is inclined
whereas the lingual face is typically vertical. In pro-
file view the crown is thin labially but increases
in height lingually. The labial and lingual faces are
highly crenulated. There is a distinctive shelf-like
transverse ridge at the lingual crown foot. The roots
can be divided into three or four basal lamellae by
two or three nutritive grooves. The labial and lingual
root faces are oblique, with the lingual face extend-
ing slightly beyond the transverse ridge.

Remarks. We utilized the dentition of an
extant Myliobatis californica (Mitchill, 1815) (MSC
42594) to determine that upper and lower symphy-
seal teeth are represented in the Tupelo Bay For-
mation sample. Lower teeth have a nearly straight
occlusal outline (Fig. 20I), flat occlusal surface (Fig;
20J), and medially convex crown foot and basal root
surface (Fig. 20K). SC2022.27.286 is a partial upper
dentition consisting of five articulated teeth. This
specimen shows that individual teeth are convex
mesio-distally (Fig. 20U) and that the overall oc-
clusal surface is convex labio-lingually (Fig. 20V).
Individual teeth are very tightly connected to one
another, and in occlusal view the crown margins of
each tooth are irregular (Fig. 20S). Teeth articulate
such that the lingually inclined lingual crown face
overlaps the labial face of a succeeding tooth, and
the sharp labial crown foot of this succeeding tooth
overlaps the shelf-like lingual transverse ridge and
fits within the thin lingual furrow of the preced-
ing tooth (Fig. 20], 20K, 20M). Additionally, the tu-
bercles on the labial and lingual crown faces inter-
connect via interstitial spaces of the preceding and
succeeding teeth. A single lateral file is preserved
on SC2022.27.286, but the angular distal margins of
these teeth (Fig. 20N & 20S) indicate that at least
one additional row was present.

“Myliobatis” sp. symphyseal teeth can be dif-
ferentiated from those of “Aetomylacus” sp. by their
more irregular occlusal outline, sharp 90° lateral
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angles, shelf-like lingual transverse ridge, and more
vertical root faces with less elongated distal lobes.
Lateral teeth of “Myliobatis” sp. have a rhomboidal
outline in occlusal view and are about as long as
they are wide, whereas those of “Aetomylaens” sp.
are much longer than wide and have a thin dia-
mond-shaped outline.

Herein we utilize the term “Myliobatis” tor
the reason outlined above for “/Aetomylaens”. The
Tupelo Bay Formation “Myliobatis” sp. teeth com-
pare well with those from the Bartonian Gosport
Sand of Alabama that Ebersole etal. (2019) assigned
to “Myliobatis” sp. 2. Myliobatis sp. teeth having highly
irregular occlusal margins, like those of the Tupelo
Bay Formation and Gosport Sand specimens, were
recently reported from the Cook Mountain For-
mation of Louisiana (Ebersole & Cicimurri 2025)
and middle Eocene deposits of Russia (Popov et al.
2025). It is difficult to establish the middle-to-late
Eocene geographic range of the taxon, even within
the southeastern/south-central USA, as specimens
are often misidentified. For example, material that
Westgate (1984, 1989) called Myliobatis appears to
represent a Rhinoptera-type ray (see below). Addi-
tionally, teeth that Case (1981) identified as My/-
obatis sp. are assigned by us to “Aetomylaens” sp. and
“Rhinoptera” sp. Case & Borodin (2000b) identified
Myliobatis sp. from the Lutetian Castle Hayne Lime-
stone of North Carolina, but the pootly preserved
specimen is comparable to “Rhbinoptera” sp. (see be-
low). Additional pecimens at SC (i.e., SC2013.44.50)
show that the taxon “Myliobatis” was an uncommon
component in the Clinchfield Formation (Riggins
Mill Member) paleofauna of Georgia.

Family Rhinopteridae Jordan & Evermann, 1896
Genus Rhingptera Cuvier, 1829

“Rhinoptera” sp.
Fig. 21A-T

1981 Myliobatis sp. — Case, p. 72, pl. 9, fig; 8.
1981 Rhbinoptera daviesi \Woodward, 1889) — Case, p. 71-72, pl. 9, fig. 7.

Material: 17 teeth, including SC2015.59.25, SC2015.59.26 (2
specimens), SC2018.7.16,5C2018.7.130,5C2018.7131,5C2018.7.132,

SC2022.27.289, §C2022.27.290 (Fig. 21A-E), SC2022.27.291,
SC2022.27.292, SC2022.27.293  (Fig. 21F-]), SC2022.27.294,
S§C2022.27.295, SC2022.27.296 (Fig. 21K-0O), S$C2022.27.297,

$C2022.27.298 (Fig. 21P-T).

Description. Although the teeth are of vari-

able width, with some specimens being three times
wider than long and others of roughly equal propor-

tions, they share several morphological features. In
occlusal view, the labial and lingual crown margins
are parallel, and the crown is straight, slightly con-
vex, or sinuous. The lateral angles are sharp, range
from acute to slightly obtuse, and medially located.
In labial/lingual views, the crown of unworn teeth
is of uniform thickness, and the occlusal surface is
straight or convex. In profile view the crown has
a square outline, but the outline of worn teeth is
rectangular. The vertical labial face is flat but highly
crenulated with robust vertical ridges. This orna-
mentation is overprinted by a much finer network
of anastomosing ridges. The lingual face is also ver-
tical and flat, and ornamentation is similar to that
on the labial face but less developed. The labial
and lingual crown foot can be straight or convex,
and the lingual crown foot is marked by a thick and
rounded transverse ridge. The crown overhangs the
root labially and laterally, with the labial and lingual
root faces being vertical to very slightly oblique in
the distal direction. There are numerous tiny labial
and lingual foramina occurring immediately below
the crown. The basal attachment surface is rather
flat, and nutritive grooves subdivide it into numer-
ous closely spaced, parallel, narrow lamellae. The
lingual side of the root does not project beyond
the lingual transverse ridge. The largest symphyseal
tooth in our sample measures 3.3 cm in mesio-distal
width and 6.6 cm labio-lingually.

Remarks. Using extant Rhinoptera bonasus
(Mitchill, 1815) (i.e., MSC 42598, SC88.120.1) as a
model, we determined that very wide Tupelo Bay
Formation “Rbinoptera” sp. teeth are from symphy-
seal files (Fig. 21A-E). Furthermore, those speci-
mens having a convex labial appearance (both the
crown and root) likely represent the upper dentition
(Fig. 21B & 21E). Lateral teeth are distinguished
by their higher mesial side compared to distal side
(i.e., Fig. 21], 21L, 21Q)), and the root lamellac are
oblique to crown width (Fig. 21 I). The wider, more
proximally located lateral teeth, can be straight or
convex in labial view, which may serve to separate
these into upper (convex i.e., Fig. 21G) and lower
(straight) files. The specimens in our sample show
that the dentition of this extinct species also con-
sisted of a row of wide symphyseal teeth that was
flanked by multiple rows of lateral teeth, and the
width of lateral files became progressively narrower
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towards the commissure (compare Fig. 21G, 210,
21Q). The distal-most lateral tooth (Fig. 21P-T) is
five-sided, with the mesial side being angular (articu-
lating with another tooth) and the distal side straight
labio-lingually, marking the edge of the dentition
(Fig. 21P). Although the teeth articulated with each
in a similar way to those of “Aetomylaens” sp. and
“Myliobatis” sp., they must not have been as tightly
connected with each other, as no fossil articulated
dentitions from North America are known to us.

“Rhinoptera” sp. symphyseal teeth can be dif-
ferentiated from those of Tupelo Bay Formation
“Aetomylaens” sp. and “Myliobatis” sp. by the combi-
nation of vertical crown faces with highly wrinkled
surfaces, shorter, thicker and highly convex lingual
transverse ridge, low root with vertical to near-ver-
tical labial and lingual faces, and lingual root lobes
that do not extend beyond the crown foot. Lateral
teeth of “Rhinoptera” sp. are easily distinguished by
their crown thickness, which is greater mesially than
distally, and root lamellae that are oblique to crown
width.

“Rhinoptera” sp. is very common in Claiborne
Group strata of Alabama (Ebersole et al. 2019) and
it occurs in the Cook Mountain (NP16) and Mood-
ys Branch (NP17) formations and Yazoo Clay of
Louisiana (Ebersole & Cicimurri 2025). Specimens
housed at SC demonstrate that the taxon is com-
mon in the Riggins Mill Member of the Clinchfield
Formation of Georgia (i.e., SC2013.44.53). The tax-
on was probably more widespread in the southern
USA during the Eocene than is currently known,
as at least some material has been misidentified as
Myliobatis (Westgate 1984; 1989). Case (1981) identi-
fied Myliobatis sp. from the Dry Branch Formation
of Georgia, but his illustrated specimen (pl. 9, fig.
8) is consistent with our concept of “Rhingptera” sp.
An additional specimen reported by Case (1981)
is somewhat problematic based on his identifica-
tion as Rhinoptera daviesi (Woodward, 1889), as this
species has teeth with a characteristically concave
enameloid-covered occlusal surface. However, the
description provided by Case (1981: p. 72) and his
illustration of the specimen (pl. 9, fig. 7) indicates it
is a highly worn “Rhingptera” sp. lateral tooth. Case
& Borodin (2000b) identified a partial tooth from
the Castle Hayne Limestone as Myliobatis sp., but its
basal and occlusal outlines are also consistent with
our concept of “Rhinoptera” sp. Numerous peci-
mens at SC demonstrate that “Rhinoptera” sp. was
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abundant in the Clinchfield Formation of Georgia
(i.e., SC2004.34.90 and SC2013.44.53).

Myliobatiformes gen. et sp. indet.
Fig. 21U-W

Material: 7 caudal spines, including SC86.56.4, SC2015.59.39
(2 specimens), SC2018.7.22, SC2022.27.281, SC2022.27.282,
$C2022.27.283 (Fig. 21U-W).

Description. Specimens consist of incom-
plete elongated caudal fin spines (i.e., stings) that
are widest at the proximal end but taper distally
to a point. Our reconstructed dimensions indicate
lengths to at least 15 cm. In profile view, the spines
are dorso-ventrally compressed, and in transverse
section the dorsal and ventral surfaces are convex.
The spines are thinnest (dorso-ventral) and widest
(laterally) at the proximal end where the spine in-
serted into connective tissue. Nearly the entirety of
the dorsal surface is covered with a thin layer of
enameloid that is highly wrinkled parallel to spine
length (Fig. 21U). Additionally, one to four longi-
tudinal grooves extend along the surface, but their
length is variable and they may not reach the dis-
tal tip. The ventral surface is very convex and lacks
enameloid, and there can be a medial longitudinal
furrow (Fig. 21W). The lateral margins of the spine
are straight, and each bears a row of barbs along
nearly the entire length (Fig, 21U & 21V). Although
these barbs are smallest proximally, where they be-
gin less than 2 cm from the tip of the spine, and
they quickly enlarge to a size maintained to the dis-
tal end of the spine. Each barb is proximally direct-
ed, sharply pointed, and their distal edge exhibits a
conspicuous angularity (Fig, 21W).

Remarks. Although extant Aefomylaens spp.
lack caudal spines (Compagno & Last 1998), the

Fig. 21 - Myliobatiformes from the Tupelo Bay Formation. A-T),
“Rbingptera” sp., symphyseal tooth (A-E), SC2022.27.290,
in occlusal (A), labial (B), profile (C), basal (D), and lingual
(E) views; proximal lateral tooth (F-]), SC2022.27.293, in
occlusal (F), labial (G), mesial (H), basal (I), and lingual (J)
views; distal lateral tooth (K-O), SC2022.27.296, in occlusal
(K), labial (L)), mesial (M), basal (N), and lingual (O) views;
ultimate lateral tooth (P-T), SC2022.27.298, in occlusal (P),
labial (QQ), mesial (R), basal (S), and distal (T) views. Mylio-
batidae indet. caudal spine (U-W), SC2022.27.283, in dorsal
(U), right lateral (V), and basal (W) views. Scale bars: 5 mm
in K-T, 1 cm in A-] & U-W.
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Tupelo Bay Formation specimens cannot be as-
signed to a particular taxon with confidence, as liv-
ing representatives of Myliobatis and Rhingptera pos-
sess such structures (Hovestadt & Hovestadt-Euler
2013). However, all the spines available to us are
similar with respect to the shape of the lateral den-
ticles, and they may be congeneric.

Class OSTEICHTHYES Huxley, 1880
Subclass ACTINOPTERYGII sensu Goodrich,
1930
Subdivision TELEOSTEI Miiller, 1846
Cohort ELoroMorPHA Greenwood et al., 1966
Order Elopiformes Greenwood et al., 1966
Family Phyllodontidae Dartevelle & Casier, 1943
Genus Egertonia Cocchi, 1864

Egertonia isodonta Cocchi, 1864
Fig, 22A-C

Material: One tooth stack, including SC2022.27.321.

Description. The single specimen available
to us consists of a column of three stacked teeth.
The individual teeth are low with a slightly convex
occlusal surface (Fig. 22A), the occlusal outline is
roughly circular (Fig. 22B) and measures 4 mm
across, and they consist only of a thick enameloid
crown with open pulp cavity (Fig. 22C).

Remarks. The specimen is consistent with
the individual stacks of teeth that comprise the pha-
ryngeal plates of Egertonia isodonta and are therefore
assigned to this taxon. Based on the wear that is evi-
dent, which is oblique to crown height (Fig. 22A &
22B), the stack of teeth may have been located near
the margin of the tooth plate. This fish was common
in the middle Eocene environments of the Lisbon
Formation and Gosport Sand of Alabama (Eber-
sole et al. 2019), and it has also been reported from
the Lutetian Llaredo Formation of Texas (Westgate
1989) and Bartonian Moodys Branch Formation of
Louisiana (Ebersole & Cicimurri 2025). The old-
est record of the species in North America appears
to be in the Paleocene of South Carolina (Weems
1998), but SC2022.27.321 currently represents the
youngest occurrence.

Otrder Albuliformes Greenwood et al., 1966
Family Albulidae Bleeker, 1859
Genus Albula Gronow, 1763
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Fig. 22 - Teleost fishes from the Tupelo Bay Formation. A-C) Egerto-
nia isodonta, partial tooth stack, SC2022.27.321, in profile
(A), oral (B), and aboral (C) views. D-H) .Albula oweni, tooth
(D-F), $C2022.27.322, in profile (D), occlusal (E), and basal
(F) views; pharyngeal bone (G-H), SC2009.28.1, in profile
(G) and occlusal (H) views. Scale bars: 2 mm in A-C, 5 mm
in D-E, 1 cm in G-H.

Albula oweni (Owen, 1845)
Fig, 22D-H

1845 Pisodus oweni — Owen, p. 138, pl. 47, fig. 3.
1901 Albuta oweni (Owen, 1845) — Woodward, p. 108, pl. 3, figs. 3-5

Material: one jaw with teeth, including SC2009.28.1
(Fig. 22G-H); three teeth, including SC2022.27.322 (Fig. 22D-F),
SC2022.27.323, SC2022.27.324.

Description. Specimen SC2009.28.1 consists
of a partial jawbone containing multiple teeth. Sev-
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eral teeth are fully formed, whereas others were still
developing and are enclosed within the bone. These
latter teeth consist of only a thick, highly convex
enameloid cap with an open pulp cavity. Unworn,
fully formed teeth are high, completely enameloid-
covered, and have a convex occlusal surface (Fig.
22G). In contrast, teeth exhibiting slight 2 vivo wear
have a window worn through the enameloid that
reveals the internal dentine (Fig. 22H). Significantly
worn teeth have a flat occlusal surface consisting of
exposed dentine. The lateral faces of fully formed
teeth taper basally, and alveoli within the jawbone
indicate teeth have a circular basal pulp cavity
framed by a thick wall of dentine (Fig. 22H).
SC2022.27.322 is a large and unworn iso-

lated tooth that is comparable to teeth preserved
with SC2009.28.1. The enameloid on the occlusal
surface is highly convex and bears fine radiating
wrinkles that do not meet the crown margins (Fig;
22E). In profile view the crown tapers basally (Fig.
22D). The crown is roughly circular in occlusal view
and measures 9 mm in greatest dimension, and a
deep pulp cavity is visible in basal view (Fig, 22F).

Remarks. The teeth in our sample are large
and basally tapering, features that are consistent with
teeth of Albula oweni reported from Eocene strata
elsewhere (Weems 1999; Ebersole et al. 2019; Trif
et al. 2021). The unerupted teeth of _A. oweni differ
from those of Egertonia isodonta (see above) by their
more convex profile and thicker enameloid. Isolat-
ed A. oweni teeth are represented in the Clinchfield
Formation collections at SC (i.e., SC2004.34.106
and SC2013.44.65).

Superorder Acanthopterygii Greenwood et al.,
1966
Order Istiophoriformes Betancur-R et al., 2013
Family Sphyraenidae Berg, 1958
Genus Sphyraena Walbaum, 1792

Sphyraena sp.
Fig. 23

Material: six teeth, including: SC2015.59.30 (2 speci-
mens), SC2015.59.31, SC2015.59.43 (Fig. 23A-E), SC2018.7.19,
SC2018.7.133 (Fig. 23F-I).

Description. Two morphologies are repre-
sented, the first including teeth that are tall (at least
12 mm high) and highly laterally compressed. The

anterior and posterior margins are formed into
sharp, finely serrated carinae that extend from the
base to the apex. The teeth are longest (antero-pos-
terior) basally where the carinae are nearly vertical
and parallel. The carinae are most convex medially,
after which they quickly converge apically. The la-
bial and lingual faces are weakly convex (Fig, 23D).
Well-preserved specimens exhibit a thin layer of
finely striated enameloid, with striations being more
pronounced basally (Fig. 23A & 22C). In anterior/
posterior view the crown is vertical to weakly medi-
ally curved (Fig. 23B). In basal view the attachment
surface is concave, and the outline is elliptical (Fig.
22E).

The second morphology includes teeth that
are tall (up to 18 mm high), erect, and have a sinu-
ous profile. The anterior margin is formed into a
sharp, very finely serrated carina that extends from
the tooth base to the crown apex (Fig. 23H). This
carina is most convex at its basal one-half, after
which it is posteriorly directed and may or may not
have a slight vertical rise to the apex. The poste-
rior face is highly convex, thickest basally but thin-
ning apically (Fig. 23G), and in profile the margin is
straight to concave along the lower two-thirds, after
which it can be straight to weakly convex and ter-
minates with an inconspicuous posterior barb (Fig.
23F). Well-preserved teeth exhibit a thin layer of
finely striated enameloid extending from the base
to the apex (Fig. 23F), and the postero-basal part of
the tooth may bear conspicuous wrinkling, In basal
view the attachment surface is weakly concave and
the outline ranges from oval to teardrop-shaped
(Fig. 23I).

Remarks. Ebersole et al. (2019) and Ballen
(2020) have suggested that tooth morphologies
among extant Sphyraenidae can allow for some tax-
onomic distinction, but intraspecific variation is not
well documented. Of the two morphologies in our
sample, those that are tall with an anterior carina
are consistent with the laniary (symphyseal) teeth of
extant Sphyraena barracuda (Edwards, 1771) that we
examined (SC2018.3.1). These teeth are located at
the anterior end of the premaxilla and dentary. The
laterally compressed and bicarinate specimens are
comparable to teeth occurring in the palatine and
dentary of S. barracuda. All the Tupelo Bay Forma-
tion teeth have finely serrated carinae and finely stri-
ated enameloid covering, indicating that the mor-
phologies are likely conspecific.
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Fig. 23 - Sphyraena sp. from the Tupelo Bay Formation. A-E) tooth
in labial (A), carinal (B), lingual (C), apical (D), and basal
(E) views; SC2015.59; laniary tooth (F-I), SC2018.7.133, in
profile (F), posterior (G), anterior (H), and basal (I) views.
Scale bars: 1 cm.

Although the bicarinate teeth appear to be
stable with respect to overall morphology, we ob-
served some variation within the laniary teeth.
Smaller teeth within this sample have the most sinu-
ous outline in profile view, whereas the largest teeth
have a more uniformly recurved appearance. How-
ever, in addition to finely striated enameloid, all lani-
ary teeth have finely serrated anterior carinae and an
inconspicuous posterior apical barb. These features
lead us to consider the possibility that our sample
reflects ontogenetic variation within a single taxon,
rather than two or more taxa. Additionally, the an-
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terior premaxillary laniary tooth of §. barracuda was
observed to be more uniformly recurved compared
to the more sinuous posterior laniary teeth.

Santini et al. (2015) demonstrated the exis-
tence of three Sphyraena lineages by the time of de-
position of the Tupelo Bay Formation, and several
Eocene species have been named based on isolated
teeth (i.e., Casier 1966; Ballen 2020). We refrain
from making a specific assighment without the aid
of associated fossil skeletal material. It is of inter-
est to note that features we observed on the Tu-
pelo Bay Formations specimens, including posterior
apical barb, finely serrated cutting edges, and finely
striated enameloid, also occur on extant S. barracuda
teeth that we examined. Ebersole et al. (2019) iden-
tified Sphyraena sp. in the Bartonian Gosport Sand
of Alabama and Ebersole & Cicimurti (2025) docu-
mented teeth from numerous middle-to-upper Eo-
cene units in Louisiana. Unreported specimens at
SC show that the genus occurs in the Riggins Mill
Member of the Clinchfield Formation of Geor-
gia (i.e.,, SC2004.34.111 and SC2013.44.55). Com-
parable laniary and cheek teeth were documented
in the Dry Branch Formation of South Carolina
(Cicimurri & Knight 2019) and possibly Georgia
(Cappetta & Borodin 2000a).

Family Xiphiorhynchidae Regan, 1909
Genus Xophiorhynchus van Beneden, 1871

Xiphiorhynchus sp.
Fig. 24

Material: four rostra, including: SC2016.31.25 (Fig. 24A-H),
SC2016.31.26 (Fig. 241-1), SC2018.7.69 (Fig. 24M-R), SC2018.7.137.

Description. SC2016.31.26 1is the most
complete specimen, measuring 19.4 cm in greatest
length. In profile view, the element is dorso-ventral-
ly flattened (Fig. 24K) and in dorsal view, the lat-
eral margins of the rostrum are very weakly convex
and converge at the distal tip (Fig, 24]). The broken
proximal end is laterally broad (3.8 cm as preserved)
and the pointed distal tip measures only 3 mm in
width (Fig. 24L). The angle of taper was measured
at 10°. The element is bi-convex in proximal view
(slightly more convex dorsally), where a large cen-
tral canal (cc) measuring 7 mm in diameter is visible
(Fig. 241). The cc is flanked by a pair of dorsolateral
nutrient canals (Icd) and a pair of ventrolateral nu-
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Fig. 24 - Xiphiorhynchus sp. from the Tupelo Bay Formation. A-H) rostrum, SC2016.31.25, in cross section (A of SC2016.31.25b), cross sec-
tion (B of SC2016.31.25a), dorsal? (C), ventral? (D), right lateral? (E), left lateral? (F), distal (G), and proximal (H) views; I-L) ros-
trum, SC2016.31.20, in dorsal (I), left lateral (J), distal (K), and proximal (L) views; M-R) rostrum, SC2018.7.69, in right lateral (M),
left lateral (N), ventral (O), dorsal (P), distal (QQ), and proximal (R) views. Scale bars: 1 cm in H-I & R, 5 cm in A-G & J-Q.
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trient canals (Icv). The lcd measure approximately 3
mm as exposed at the proximal end, but they appear
to be filled with mineralized material. The lcv mea-
sure approximately 5 mm in diameter as exposed
but they taper distally. The lcv are located closer to
the lateral margins of the rostrum, whereas the lcd
occur more medially. Dorsally, there is a shallow
longitudinal furrow on each side of the rostrum,
between the midline and lateral margin of the ele-
ment (Fig, 24)).

Specimen SC2016.31.25 is a portion of
rostrum broken at its proximal and distal ends. As
preserved it measures 9.5 cm in length and 2.5 mm
wide at the proximal end. The element tapers gently
to a width of 1.5 cm at the broken distal end, with
the angle of taper being approximately 6.5° as pre-
served. In profile views, the right and left sides of
the rostrum possess a shallow, medially located lon-
gitudinal furrow along the anterior one-half (Fig
24C & 24D). In proximal view, the rostrum has a cir-
cular outline (Fig. 24H), but distally, it is somewhat
dorso-ventrally flattened and has an oval cross sec-
tion (Fig. 24G). Mineral-filled lcd and lcv are visible
at the distal end, the diameters of which measure
approximately 2 mm, with the lcd located closer to
the center of the rostrum. The furrows noted above
are the exposed lcv, and mineralized material occur-
ring in the right furrow can be traced back to the
proximal end. In longitudinal cross-section, the ros-
trum is comprised of solid bony material generally
having a cone-in-cone appearance, and although no
cc is visible proximally or distally, the middle of the
rostrum consists of dense material that is clearly de-
lineated from the outer cone-in-cone structure (Fig;
24A-B). This dense material is thickest (4 mm) near
the broken distal end but pinches out posteriorly to
end roughly 5 mm from the broken proximal end.
The concave nature of the broken proximal end ap-
pears to reflect the internal cone-in-cone structure.
A portion of the mineral-filled left lcd is also visible
in longitudinal cross section.

Specimen SC2018.7.69 is a portion of ros-
trum measuring 10.5 cm in length, although it is
broken proximally and distally. The element tapers
proximo-distally (Fig. 24P) but the angle of taper
cannot be accurately measured. In distal view, the
element is very convex dorsally but less so laterally,
and the flat ventral surface results in a D-shaped
cross-section (Fig, 24Q)). A pair of lcv occur near
the preserved outer margins of the element, with
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the left lcv measuring approximately 1 mm in diam-
eter and exposed 4.0 cm from the preserved distal
end, whereas the right Icv is exposed 8.8 cm from
the distal end and measures roughly 2 mm in diam-
eter. No cc is obvious proximally or at the broken
distal end. The element exhibits a fibrous texture
internally and externally that parallels its length (Fig;
240-P).

Specimen SC2018.7.137 (not shown) con-
sists of paired elements. Each element is elongated,
with one measuring 11 cm in preserved length and
the other 9.8 cm. Both are widest at the proximal
end, measuring 2 to 2.6 cm, and taper towards the
distal end. The dorsal surface of each specimen is
weakly convex and has a texture similar to that of
SC2018.7.69. The medial margin of each element
is straight. Each element has a conspicuous lateral
projection at the proximal end. In proximal view
each element is dorso-ventrally thin, and in profile
view their proximo-distal thickness is rather con-
stant. In ventral view, each specimen possesses an
elongated furrow along their preserved length (lat-
eral nutrient canals?).

Remarks. Specimen SC2018.7.137 (not fig-
ured) was recovered from the lower part of the
Tupelo Bay Formation. The overall shapes of the
bones lead us to conclude that they are the proxi-
mal, unfused, ends of the right and left premaxillae,
and that the straight medial margin is the contact
surface between the two bones.

Based on its preservation, specimen
SC2018.7.69 was derived from the phosphatized
part of the Tupelo Bay Formation, or possibly from
the immediately overlying Parkers Ferry Formation
(Priabonian, NP19/20). Specimens SC2016.31.25
and SC2016.31.26 were recovered from the upper-
most bedding surface of the Tupelo Bay Formation,
which is the disconformable contact with the Park-
ers Ferry Formation. The fossils are included here
due to their stratigraphic occurrence, but it is pos-
sible that the living animals inhabited the Parkers
Ferry depositional environment, and their remains
became incorporated into still soft Tupelo Bay For-
mation sediment.

Unfortunately, SC2016.31.25 and
SC2016.31.26 are ablated and there are no traces of
ventral tooth patches. SC2016.31.26 is dorso-ven-
trally flattened and bi-convex (in proximal view),
whereas SC2016.31.25 has a thicker oval cross-
section. However, the morphology of the latter
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specimen likely does not reflect the original shape,
as lateral furrows represent the exposed lecv, indi-
cating a significant amount of bony material has
been eroded from the specimen. The mineralized
material filling the right lcv was examined under a
microscope, and its greenish color weathering to red
indicates it is glauconitic. Specimen SC2018.7.69 is
also dorso-ventrally flattened, but the dorsal surface
is very convex whereas the ventral surface is rather
flat, resulting in a D-shaped cross-section in proximal
view. This specimen preserves a pair of small Icv, but
a central canal is not obvious.

Fierstine & Stringer (2007) listed seven Eo-
cene Xophiorhynchus species, including X. aegyptiacus
Weiler, 1929, X. elegans van Beneden, 1871, X. eocae-
nicus (Woodward, 1901), X. kimblaylocki Fierstine &
Applegate, 1974, X. parvus Casier, 1966, and X. pris-
cus (Agassiz, 1844). An additional species, X. rotun-
dus (Woodward, 1901), appears to have been derived
from the upper Oligocene (Chattian, NP25) Chan-
dler Bridge Formation of South Carolina (Monsch
et al,, 2005), a lithostratigraphic unit roughly 10 Ma
younger than the Tupelo Bay Formation specimens.

Monsch (2005) illustrated the rostra of middle
Eocene Xiphiorhynchus eocaeniens and lower Eocene
(Ypresian) X. priscus and, although both have two
pairs of lateral nutritive canals, the former has an
oval cross-section and the latter has a circular cross-
section. Specimens SC2016.31.25 and SC2016.31.26
both have oval proximal cross-sections, but they have
a circular outline distally. Specimen SC2016.31.26 is
comparable to the holotype of X. imblaylocki (Fi-
erstine & Applegate 1974), and SC2016.31.25 has a
proximal cross-section like that of an X. kzwzblaylocki
rostrum discussed by Monsch et al. (2005). Both of
the X. &kimblaylocki specimens noted here were recov-
ered from the upper Eocene (Priabonian) Yazoo Clay
of Louisiana and Mississippi. Specimen SC2018.7.69
has a cross-section like that of X. aegyptiacus, and it
also appears to lack a central canal. Fierstine & String-
er (2007) described a similar rostrum from the Pri-
abonian Yazoo Clay of Louisiana, but they refrained
from assigning the specimen to X. aegyptiacus due to
the preservation of their specimen and morphologi-
cal differences with that taxon. The differing cross-
sections of the specimens described herein could be
taken as an indication that multiple species are repre-
sented, including one with a rostrum like X. &imzblay-
locki (and SC2016.31.26) and one apparently having
a rostrum like X. aegyptiacus (SC2018.7.69). How-

ever, Monsch et al. (2005) noted there is inter- and
intraspecific variation among Xiphiorhynchus rostra,
and this phenomenon makes identification of bro-
ken and ablated specimens particularly difficult. We
therefore refrain from making specific identifications
until additional, more complete specimens are exam-
ined. It is interesting to note that SC2016.31.25 has
an internal cone-in-cone appearance with a central
mass of dense material, whereas the internal texture
of SC2018.7.69 is fibrous. Although these differing
textures could be an artifact of preservation, they
also suggest that two different taxa are represented.
The occurrence of Xiphiorhynchus in the Tupelo Bay
Formation indicates a minimum early Priabonian age
for this unit, as the eatliest records of these billfish
appear to be in NP18 deposits. Note that there has
been variation in the familial placement of Xgphiorhyn-
chus, with assignment to Xiphiidae (i.e., McCuen et al.
2020) and Xiphiorhynchidae, but we follow the most
recent phylogenetic analysis by Rust et al. (2025) and
place the genus in the latter family.

Otrder Scombriformes Bleeker, 1859

Subotrder Scombroidei Bleeker, 1859

Family Trichiuridae Rafinesque, 1810
Genus Trichinrides Winkler, 1874

Trichiurides sagittidens Winkler, 1874
Fig, 25A-D

Material: cight teeth, including SC2015.59.32 (2 speci-
mens), SC2018.7.134, SC2022.27.311 (Fig. 25A-D), SC2022.27.312,
SC2022.27.313, SC2022.27.314, SC2022.27.315.

Description. Our sample is composed of
elongated laniary (symphyseal) teeth, with the largest
specimen available to us measuring 15 mm in apico-
basal height. In profile view, the crown is uniformly
curved such that the apex is posteriorly directed (Fig.
25B & 25C). The tooth is divided into neatly equal
labial and lingual faces by sharp and smooth ante-
rior and posterior cutting edges that do not reach
the base (Fig. 25A). The crown faces are strongly
convex, with the labial face being smooth but the
lingual face (Fig. 25B) bearing numerous parallel
longitudinal ridges at the base. The apical part of
the tooth consists of a very laterally compressed and
bicarinate enameloid cap. The carinae form smooth
anterior and posterior cutting edges, and the pos-
tero-basal part produces a barb-like projection. In
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basal view the tooth has a circular outline, and thete
is a circular pulp cavity framed by a thin dentine wall
(Fig. 25D).

Remarks. Trichinrides sagittidens laniary teeth
differ from those of Tupelo Bay Formation Sphy-
raena sp. by having a more gracile appearance,
enameloid-covered apex with conspicuous posteri-
or barb, strongly sinuous profile, and circular basal
outline (as opposed to oval or teardrop-shaped).

Westgate (1984) documented this species
from Eocene strata of Arkansas, with the spe-
cific unit potentially being the Bartonian to Pri-
abonian (upper Eocene) Moodys Branch Forma-
tion. Ebersole et al. (2019) reported T. sagittidens
from the Lutetian to Bartonian Lisbon Formation
and Bartonian Gosport Sand of Alabama, and re-
cords of this fish from the Cook Mountain and
Moodys Branch formations and Yazoo Clay were
confirmed by Ebersole & Cicimurri (2025). The
species was recovered from deposits in Georgia
assigned to the Dry Branch Formation (Case &
Borodin 2000a), and we document it in the Clinch-
field Formation of Georgia (i.e., SC2004.34.124
and SC2013.44.58).

Family Scombridae Rafinesque, 1815
Subfamily Scombrinae Rafinesque, 1815
Genus Scomberomorus Lacepede, 1802

Scomberomorus sp.
Fig. 25E-T

Material: five teeth, including SC2022.27.316 (Fig. 25G-
J), $C2022.27.317, SC2022.27.318, SC2022.27.319, SC2022.27.320
(Fig. 25K-N); left maxilla SC2016.47.3 (Fig. 25R-T); right dentary
SC2009.2.1 (Fig. 250-Q); vertebra SC2018.7.138 (Fig. 25E-F).

Description. Isolated tooth crowns are
broad and triangular (Fig. 25I), measuring up to
10 mm in apico-basal height, and in carinal view
there is little to no medial curvature (Fig. 25H). The
crown is essentially differentiated into labial and
lingual parts by smooth and convex anterior and
posterior cutting edges. The edges meet apically
to form a rounded to sub-angular apex. The labial
and lingual crown faces are moderately to strongly
convex, particularly at the lingual base. Specimen
SC2022.27.319 demonstrates that the tooth crowns
are covered by smooth enameloid, although on
most specimens the enameloid is only preserved
along the cutting edges (compare Fig, 25G to 251).
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Specimen SC2016.47.3 is a left maxilla mea-
suring nearly 10 cm in length. The dorso-medial
portion of the bone is slightly crushed and there
is some bone loss, and the distal end exhibits some
damage (Fig. 2558-T). The posterior two-thirds of
the element is an elongated, blade-like, and medially
curving ramus. The dorsal surface is convex, and
the ventral surface is narrow and sharp. The medial
curvature is sharp, but this is probably enhanced
somewhat by the crushing and distortion of the ra-
mus. Antero-ventrally, the maxilla is bifurcated into
two mediolaterally thin processes, including a rather
small and short lateral process and a much larger
and more elongated medial process (Fig. 25R). A
sulcus between these processes serves as the articu-
lar surface for the premaxilla. The ventral surface
of the lateral process is formed into a sharp ridge
that extends to the eminence of the ramus, whereas
the ventral surface of the medial process is convex
and there is a single large foramen on its lateral face.
A massive reniform protuberance is located on the
antero-dorsal surface, immediately above the ven-
tral processes (Fig. 25S).

Specimens SC2009.2.1 and SC2022.27.320
are jaw sections with associated teeth. Specimen
SC2009.2.1 is the anterior part of a right dentary
with six articulated teeth. This fossil shows a single
row (Fig. 25Q) of large teeth that are set into deep
alveoli via an elongated root (Fig. 250-P). Up to 11
mm of tooth crown is exposed. Teeth may become
fused to the jawbone, as is seen on SC2022.27.320
(Fig. 25K-N), or remain loose in the alveolus. Both
jaw sections exhibit resorption pits for replacement
teeth, and some teeth of SC2009.2.1 also have asso-
ciated notches at the crown base, where the cutting
edges abruptly end at concave surfaces.

Fig. 25 - Scombriformes from the Tupelo Bay Formation. A-D)
Trichinrides sagittidens, laniary tooth (A-D), SC2022.27.311, in
anterior (A), lingual (B), labial (C), and basal (D) views. E-Q)
Scomberomorus sp., caudal vertebra (E-F), SC2018.7.138, in an-
terior (E) and lateral (F) views; tooth (G-J), SC2022.27.316,
in labial (G), carinal (H), lingual (I), and basal (J) views; jaw
fragment with tooth (K-N), $C2022.27.320, in labial (K),
carinal 1 (L), lingual (M), and carinal 2 (N) views; right den-
tary (O-Q), SC2009.2.1, in labial (O), lingual (P), and oc-
clusal (Q) views; left maxilla (R-T), SC2016.47.3, in ventral
(R), dorsal (S), and lateral (T) views. Scale bars: 1 cm in A-N,
5cmin O-T.
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Fig, 25
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SC2018.7.138 is a small incomplete centrum
measuring 2.1 cm in length along the ventral sur-
face. The antero-dorsal part of the centrum is not
preserved. Posteriorly, the centrum rim is sub-cit-
cular in outline, being slightly wider than high (1.7
cm and 1.5 cm, respectively). The anterior and pos-
terior surfaces are deeply concave and bear numer-
ous concentric growth annuli (Fig. 25E). The lat-
eral surfaces bear a large medial ridge that is framed
dorsally and ventrally by deep oval fenestrae, and
the anterior and posterior ends of the ridge have
a fibrous texture (Fig. 25F). The ventral surface is
slightly depressed neatly along the entire centrum
length, and the surface is perforated by numerous
tiny openings. The broken proximal ends of the
haemal spine are preserved at the postero-ventral
end of the centrum, and two shallow, triangular de-
pressions occur between the spine bases and the
centrum rim.

Remarks. Scomberomorus tooth crowns differ
from palatine and dentary teeth of Sphyraena sp. by
being labio-lingually thicker, with the lingual face
being significantly more convex (compare Fig, 25]
to 23E). Scomberomorus dentaries lack laniary teeth as
occur in Sphyraena jaws (see above), and all the teeth
in SC2009.2.1 are the same shape. All the isolated
teeth and the one occurring on SC2022.27.320 are
identical to those on SC2009.2.1, and we there-
fore consider the specimens conspecific. Specimen
SC2016.47.3 is very similar to maxillae of extant
Scomberomorus cavalla (Cuvier, 1829) that we exam-
ined (i.e.,, SC 2018.3.28) and is therefore regarded
as congeneric. Similarly, specimen SC2018.7.138 is
comparable to, albeit larger than, vertebrae of ex-
tant S. cavalla that we examined (SC2018.3.47).

Ebersole et al. (2019) documented two spe-
cies of Scomberomorus in middle-to-upper Eocene
(Claibornian) strata of Alabama, including S. bleeker:
(Storms, 1892) and S. stormsi (Leriche, 1905). The
teeth were differentiated by the nature of the over-
all crown outline in labial/lingual view, with those
of . bleekeri having a wider lanceolate appearance,
whereas S. stormsi has roughly sub-parallel margins
along the lower one-half of the tooth. Based on
the tooth outline, the Tupelo Bay species may rep-
resent S. bleekeri.

Family indet.
Genus Sphyraenodns Agassiz, 1844

Cicimurri D.]., Ebersole | A. & Bowman A.R.

Sphyraenodus sp.
Fig. 26

Matetial: three teeth, including $C2022.27.332 (Fig. 26A-
E), $€2022.27.333 (Fig. 26F-]), $C2022.27.334 (Fig. 26K-M).

Description. The teeth are roughly conical
with slight labio-lingual compression and medial
curvature (Fig. 26A, 20F, 20K). Cutting edges are
absent, the enameloid (when preserved) is smooth
(Fig. 26H & 26L), and the crown bases are very
heavily crenulated (i.e., Fig. 26I). The crown apices
are not very sharply pointed, although this may be
an artifact of preservation. In apical view the crown
base has a digitate appearance due to the heavy bas-
al fluting (Fig. 26E, 26J, 26M). A small portion of
bony tissue is preserved on the base of each speci-
men, particularly SC2022.27.332 (Fig.26A-D). The
total apico-basal tooth height of the largest speci-
men, including preserved root, measures 14 mm.

Remarks. These teeth compare well to
those of Sphyraenodus priscus Casier, 1966 from the
lower Eocene (Ypresian) London Clay of England
(also Monsch 2005) and to . chouberti (Arambourg,
1952) from the late Paleocene (Thanetian) and
Ypresian of Morocco. Unfortunately, teeth are the
only remains available to us and for that reason we
only refer them to Sphyraenodus sp. Monsch (2005)
noted the only other North American occurrence
of the genus in the Ypresian Nanjemoy Formation
of Maryland. We note here that Maisch et al. (2016)
reported a tooth from the Lutetian Tallahatta/Lis-
bon formational contact zone of Alabama, identi-
fied as Scomberomorns sp. (fig. 2, 27-29), that bears
similarities to the Tupelo Bay Formation specimens
shown in our Figure 26.

Specimen SC2022.27.333 is unusual in that
there is a row of seven short, parallel scratch-like
structures located on the lingual side of the crown
(Fig. 26F-G). These structures are clearly second-
ary in origin and superficially similar to marks oc-
curring on some Pristis sp. rostral spines in our
sample (see above).

Order Tetraodontiformes Berg, 1940
Suborder Ostracioidei Tyler, 1980
Family Ostraciidae Rafinesque, 1810

Ostraciidae gen. et sp. indet.
Fig. 27A-F
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Fig. 26 - Sphyraenodus sp. from the Tupelo Bay Formation. A-E), tooth,
SC2022.27.332, in profile 1 (A), posterior (B), profile 2 (C),
basal (D), and apical (E) views; tooth (F-J), SC2022.27.333,
in posterior (F), lingual (G), labial (H), basal (I), and apical
(J) views; tooth (K-M), SC2022.27.334, in carinal (K), lin-
gual (L), and apical (M) views. Scale bars: 1 cm.

2019 Ostraciidae gen. et. sp. indet. — Ebersole et al., p. 180, fig. 66M-
U

Material: five dermal plates, including SC2022.27.327 (Fig.
27A-C),8C2022.27.328 (Fig. 27D-E), $C2022.27.329, SC2022.27.330,
SC2022.27.331 (Fig. 27F).

>

Description. The dermal plates are polygo-
nal elements that are thinnest at the margins (Fig

27B, 27E). The visceral surface is flat to concave and
has a slightly roughened texture (Fig. 27C), where-
as the external surface is convex and ornamented
with numerous ovoid enameloid-covered tubercles.
These tubercles are typically loosely arranged into
circular patterns surrounding a central tubercle that
is located on a slight prominence (Fig. 27A). The
base of this prominence may bear numerous short
radiating ridges (Fig. 27D-E).

Remarks. There is some morphological vari-
ation in the small sample available to us, with speci-
mens ranging from elongated and ovate to sub-
circular to square in outline. Additionally, individual
tubercles may occur at the corners of the element
(Fig. 27F), arranged as a single ring (Fig. 27D), or
occur within multiple loosely organized rings (Fig.
27A). We believe that the variation represents body
location on a single boxfish taxon, as they all share
the feature of radiating ridges on the medial promi-
nence.

This dermal plate morphology is consistent
with specimens of Ostraciidae that were reported
from the Paleocene of South Carolina (Weems
1998), the lower Eocene Nanjemoy Formation of
Virginia (Weems 1999), and from Claiborne Group
strata (lower-to-middle Eocene) of Alabama (Eber-
sole et al. 2019). The authors of those various re-
ports noted the limited taxonomic value of isolated
dermal plates like those described above, neverthe-
less their morphology allows us to determine the
familial placement of the elements.

Suborder Balistoidei Rafinesque, 1810
Family Balistidae Risso, 1810
Genus Lobodus Costa, 1866

Lobodus pedemontanus Costa, 1866
Fig, 27G-Z

2019 Balistidae — Ebersole et al., p. 180-181, fig. 67, fig. 67.

2025 Balistidae — Ebersole & Cicimurri, p. 184, fig. 6.40.

2025a Lobodus pedemontanns Costa, 1866 — Cicimurri et al., p. 30-31,
fig. 24.

Material: five teeth, including SC2022.27.306 (Fig. 27G-
J), SC2022.27.307 (Fig. 27K-N), SC2022.27.308 (Fig. 27S-V),
S$C2022.27.309 (Fig. 27W-Z), SC2022.27.310 (Fig. 270-R).

Description. All teeth consist of an
enameloid-covered crown that is laterally com-
pressed and measuring no more than 2 mm in width
(Fig. 27H, 271, 27T, 27X). The total preserved
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Fig. 27 - Tetraodontiformes from the Tupelo Bay Formation. A-F) Ostraciidae, dermal armor (A-C), SC2022.27.327, in apical (A), profile (B),
and visceral (C) views; dermal armor (D-E), SC2022.27.328, in apical (D) and profile (E) views; dermal armor (F), SC2022.27.331, in
apical view. G-V) Lobodus pedemontanus, tooth (G-J), SC2022.27.300, in lateral (G), anterior (H), occlusal (I), and basal (J) views; tooth
(K-N), SC2022.27.307, in lateral (K), anterior (L), occlusal (M), and basal (N) views; tooth (O-R), SC2022.27.310, in lateral (O), an-
terior (P), basal (Q), and occlusal (R) views; tooth (S-V), SC2022.27.308, in lateral (S), anterior (T), occlusal (U), and basal (V) views;
tooth (W-Z), SC2022.27.309, in lateral (W), anterior (X), occlusal (Y), and basal (Z) views. AA-GG) Progymnodon hilgendorfi, maxillary
(AA-EE), SC2022.27.325, in oral (AA), left lateral (BB), aboral (CC), posterior (DD), and anterior (EE) views; dentary (FF-GG),
SC2022.27.326, in aboral (FF) and oral (GG) views. Scale bars: 5 mm in F-GG, 1 cm in A-E.

height of the largest specimen is 10 mm. In profile
view, the crown is labio-lingually elongated at the
base, measuring up to 8 mm in this direction. How-
ever, the apical one-third to one-half of the crown

is developed into a cusp that is located closer to the
anterior margin (Fig. 27G, 27K, 27§, 27W). The
cusp is roughly conical (i.e., Fig. 27M & 27U) and
is lingually curved (i.e., Fig. 278 & 27W). In ante-
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rior view, the crown is vertical and only very slightly
medially curving (i.e., Fig. 271, 27T), and the labial
crown face is slightly more convex than the lingual
face. In profile view, the labial crown margin is uni-
formly convex, but the lingual margin is sinuous
(i.e., Fig. 27G & 27K). The thick crown enameloid
exhibits fine growth lamellae on the basal one-half
(i.e., Fig. 270-P). The cusp apices are worn to vary-
ing degrees to expose the internal dentine (com-
pare Fig. 27U to 271), and the oblique portion of
the lingual crown margin may exhibit a weak wear
facet. The root is largely incomplete on each of the
specimens, but the preserved portions demonstrate
it lacks enameloid and is slightly smaller in area than
the crown (Le., Fig. 27], 27N, 27Q), 27V).
Remarks. Four of the five specimens
are morphologically similar to each other, vary-
ing only slightly with respect to cusp height, but
SC2022.27.310 (Fig. 270-R) differs from the oth-
ers by having a much lower cusp and broader ante-
rior region. Based on our examination of the jaws
of an extant Balistes capriscus Gmelin, 1789 (MSC
49132), the variation in cusp development is likely
related to location on the jaw, with cuspidate teeth
like S§C2022.27.308 (Fig. 27S-V) being from the
medial to anterior part of the jaw, and those like
SC2022.27.310 in the posterior part (see also Tyler
1980). The Tupelo Bay Formation specimens rep-
resent one of the few documented occurrences of
fossil Balistidae in North America. Ebersole et al.
(2019) were the first to report an Eocene triggerfish
from the USA in their account of Claibornian fish-
es from Alabama, and Ebersole & Cicimurri (2025)
recently reported a single specimen from the Mood-
ys Branch Formation of Louisiana. Ebersole et al.
(2021) also identified the first Oligocene record of
the family in the Glendon Limestone Member of
the Byram Formation (Rupelian) of southwestern
Alabama. Based on additional specimens from Ala-
bama, Cicimurri et al. (20252a) determined that this
morphology belonged to Lobodus pedemontanus, a
taxon named by Costa (1866) but with an uncertain
familial affinity. Herein we concur with Ebersole et
al. (2019) and Cicimurri et al. (2025a) that this taxon
belongs to the Balistidae based on the morphologi-
cal similarity to teeth of the various extant taxa. The
shape and coloration of the teeth (dark brown with
a lighter brown base or black with a green cusp apex)
are distinctive, and the morphology is more widely
distributed than is currently known. For example,

a collection of fossils at SC contains several teeth
that were recovered from the Clinchfield Formation
of Georgia (i.e., SC2004.34.122 and SC2013.44.60).

Suborder Tetraodontoidei Nelson et al., 2016
Family Diodontidae Bonaparte, 1838
Genus Progymmnodon Dames, 1883

Progymnodon hilgendorfi Dames, 1883
Fig. 27AA-GG

1981 ?Diodon sp. — Thurmond & Jones, p. 108, fig. 51.

2002 Chilomyeterus hilgendorfi — Dica, p. 40, pl. 1, figs. 1-2.

2019 Progymmodon hilgendorfi — Ebersole et al., p. 182-183, fig. 68.
2025 Progymmnodon hilgendorfi — Ebersole & Cicimurri, p. 185, fig. 6.41.

Material: two jaws, including SC2022.27.325 (Fig, 27AA-
EE), SC2022.27.326 (Fig, 27FF-GG).

Description. The jaw elements are com-
posed of a beak and two stacks of large triturat-
ing teeth. Unworn triturating teeth consist only of
a thick but very low enameloid crown having a sub-
triangular outline (Fig. 27AA & 27GG). The tooth
stacks become worn, through presumed 7z vivo use,
such that portions of one or more replacement
teeth are exposed at the posterior end of the jaw
(Fig. 27AA & 27DD). The two tooth stacks articu-
late to one another along a medial symphysis but are
separated from the beak by a large expanse of bone.
The beak margin consists of small, closely spaced
wedge-shaped teeth (Fig. 27BB).

Remarks. The jaws of Progymnodon bilgendorfi
include the fused premaxillac and dentaries, and
when complete the former can be distinguished
from the latter by the angular (Fig, 27CC) versus
uniformly convex (Fig. 27FF) labial margin. Eb-
ersole et al. (2019) reported this taxon from the
Gosport Sand (NP17) of Alabama, and the spe-
cies was recently reported from the Cane River
(NP15) and Moodys Branch (NP17) formations
of Louisiana (Ebersole & Cicimurri 2025). Un-
published specimens at SC demonstrate the taxon
occurs in the Clinchfield Formation of Georgia
(i.e., SC2004.34.118 and SC2004.44.62) and the Pri-
abonian Dry Branch Formation of South Carolina
(8C96.97.3).

Order incertae sedis
Family incertae sedis
Genus Cylindracanthus Leidy, 1856
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Olindracanthus rectus (Agassiz, 1843)
Fig, 28A-B

Material: 9 rostra, including SC2015.59.29 (7 specimens),
SC2018.7.136, SC2022.27.335 (Fig. 28A-B).

Description. All the specimens are portions
of elongated, cylindrical rostra. More complete
specimens demonstrate that the element tapers dis-
tally. The outer surface is subdivided by numerous
deep, parallel grooves extending the length of the
preserved specimens (Fig. 28A). Internally, one or
two hollow tubes extend the length of the preserved
elements (Fig, 28B). Although all our specimens are
incomplete, the longest measures 5.7 cm in length as
preserved.

Remarks. Three Cylindracanthus species have
been identified from Eocene strata, including C.
acus Cope, 1870, C. ornatus Leidy, 1856 and C. rectus
(Agassiz, 1843). Ebersole et al. (2019) considered C.
acus a junior synonym of C. rectus, which we follow
herein. Of the two remaining species, both have a
similar rostrum morphology, but the taxa differ by
the presence (C. ornatus) or absence (C. rectus) of
ventral rows of denticles. The specimens in our
sample appear to lack ventral denticles we therefore
assign them to C. rectus.

Cylindracanthus is rather widespread within the
Eocene of the Gulf Coastal Plain of the USA, occur-
ring in the Lisbon Formation and Gosport Sand of
Alabama (Ebersole et al. 2019) and Moodys Branch
Formation and Yazoo Clay of Louisiana (Ebersole &
Cicimurri 2025). Previously unreported specimens at
SC show that Cylindracanthus is found in the Riggins
Mill Member of the Clinchfield Formation of Geor-
gia (§C2013.44.70). This fish is only known from its
rostra, and although previously thought to be related
to sturgeon and paddlefish (Parris et al., 2001) and
then allied with scombroid fishes (Monsch 2005), the
most recent evaluation of the genus suggests that the
taxon is a derived teleost of uncertain ordinal and
familial affinities (Grandstaff et al. 2018). It must be
noted that, unless a specimen is very well preserved,
one may not be able to determine the presence or
absence of ventral denticles and, therefore, accurate-
ly identify the species represented (see discussion in
Ebersole et al. 2019).

Osteichthyes indet.
Fig, 28C-M

Cicimurri D.]., Ebersole | A. & Bowman A.R.

Material: isolated tooth, including SC2018.7.135 (Fig. 28N—
O); four vertebrae, including SC2009.2.2 (Fig. 28C-E), SC2015.59.33,
SC2016.47.2 (Fig. 281-K), SC2018.7.139 (Fig. 28F-G); hypural
SC2018.7.140 (Fig, 281-M).

Description. SC2018.7.135 (Fig. 28N-0) is
an isolated tooth measuring 8 mm in apico-basal
height and 3 mm in maximum width. In profile
view, the tooth is conical, but carinae divide the
crown into a small and nearly flat labial face and
much more expansive and convex lingual face. In la-
bial view, the crown has a triangular appearance, and
faint vertical ridges extend from the base towards
the pointed apex. Vertical ridges occurring on the
lingual face are more robust and extend nearly to
the apex (Fig. 28N). Smooth lateral carinae extend
from the apex towards the crown base. The basal
portion of the tooth is ablated and lacks enameloid
and ornamentation. In basal view, the tooth has a
deep pulp cavity (Fig. 280).

SC2009.2.2 (Fig. 28C-E) is a vertebral cen-
trum measuring 2.4 cm in length, 2.1 cm in height,
and 2.1 cm in maximum width. The anterior and
posterior surfaces are deeply convex, have a nearly
circular outline, and numerous growth annuli are
visible (Fig. 28C). The base of the neural arch is
preserved, and in dorsal view the neural canal has a
fibrous texture. The neural arch base is flanked by a
small but deep oval depression just anterior to the
posterior margin. The lateral surfaces bear a high
antero-medially located ridge that is framed dorsally
and ventrally by deep conical fenestrae, and an ad-
ditional but much smaller postero-ventral fenestra
forms the posterior border of a short vertical ridge
(Fig. 28D). A shallow postero-dorsal depression is
located immediately posterior to the large dorsal fe-
nestra. The bases of the haemal arch are preserved
on the ventral margin. In ventral view, a narrow but
deep depression between the haemal arch bases
contains a row of five circular openings (Fig. 28E).
Additionally, a large but shallow triangular depres-
sion occurs on each side of the centrum immedi-
ately anterior to the haemal arch bases, and a smaller
oval fenestra occurs between each haemal arch base
and the posterior rim. Specimen SC2015.59.33 is
poorly preserved but identical to SC2009.2.2.

SC2016.47.2 1s a large centrum measuring
just over 5 cm in length. It is laterally compressed,
with the anterior articular end measuring 4.0 cm
high and 3.5 cm wide. The dimensions of the pos-
terior end are slightly smaller, at 3.8 cm and 3.3 cm,
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Fig. 28 - Teleostei from the Tupelo Bay Formation. A-B) Cylindra-
canthus sp., rostrum (A-B), SC2022.27.335, in profile view
(A) and transverse cross-section (B). C-E) Teleostei indet.
post-abdominal vertebra (C-E), SC2009.2.2, in anterior (C),
right lateral (D), and dorsal (E) views; caudal vertebra (F-
H), SC2018.7.139, in anterior (F), lateral (G), and dorsal (H)
views; vertebra (I-K), SC2016.47.2, in posterior (I), right
lateral (J), and dorsal (K) views; hypural, SC2018.7.140 (L-
M), in right lateral (L) and dorsal (M) views; tooth (N-O),
SC2018.7.135, in postero-lingual (N) and basal (O) views.
Scale bars: 5 mm in N-O, 2 cm in A-H & L-M, 5 cm in I-K.

respectively. The anterior and posterior surfaces are
therefore oval in outline, very deeply convex, and
numerous concentric growth annuli are visible. The

posterior surface is partly encrusted by serpulid
worm tubes (Fig. 28I). Remnants of the neural arch
are visible in dorsal view, as are three large serially
arranged fenestrae along the dorsal surface. In lat-
eral view, the centrum is medially constricted, has a
large oval dorsal and ventral fossa, a distinctive me-
dial circular depression, and scattered antero-medi-
al and postero-ventral fenestration (Fig. 28]). The
ventral surface is deeply depressed along centrum
length, and several small circular openings are visi-
ble (Fig. 28K). Posteriotly, this depression is flanked
by a short postero-ventrally directed projection just
before the centrum rim.

SC2018.7.139 (Fig. 28F-H) is an incomplete
centrum measuring 3.5 cm along the dorsal surface.
The postero-dorsal part of the centrum is not pre-
served. Anteriorly, the articular rim is slightly wider
than high, measuring a maximum width of 3.2 cm
and height of 2.9 cm (Fig. 28F). At this end, the
centrum outline is sub-circular, with a weakly con-
cave dorso-medial portion and slight ventral taper.
Although the posterior rim is broken, enough of
its morphology is preserved to determine that its
maximum width was only 2.7 cm. The anterior and
posterior surfaces are deeply concave and numer-
ous concentric growth annuli are visible. The lateral
surfaces bear several shallow, elongated depressions
that form two ridge-like structures which do not
intersect with the articular margins. The depres-
sions bear several small to moderately large oval fe-
nestrae. Additionally, numerous short, very closely
spaced striations occur at the anterior and posterior
ends that do not intersect with the centrum rims
(Fig. 28G). Dorsally there is a broad depression that
is deepest closer to the posterior end (Fig. 28H). A
deep fenestra occurs immediately posterior to this
depression, and the fenestra is flanked by the bases
of apparent spinous projections.

SC2018.7.140 (Fig. 281.—M) is a hypural com-
plex consisting of anterior urostyle and hypural
plate. The urostyle has the morphology of a typi-
cal vertebral centrum, which is slightly wider than
high (1.7 cm and 1.5 cm, respectively) and deeply
concave. The lateral faces of the urostyle are high-
ly convex anteriorly and exhibit smooth to weakly
fibrous texture, tapering posteriorly to the fused
hypural plate (Fig. 28L). The dorsal and ventral
surfaces of the urostyle are deeply depressed im-
mediately anterior to the hypural plate (Fig. 28M).
The plate itself is a very thin but tall paddle-like
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structure, roughly triangular in outline, with the
dorsal portion being somewhat larger than the ven-
tral portion. The maximum height measures 4.8 cm
(although there is slight damage at the ventral tip),
the maximum width at the antero-dorsal surface is 4
mm, and the posterior width measures only 2 mm.
In profile view, the antero-dorsal and antero-ventral
margins are straight, and the surfaces are flat. The
vertical posterior margin is moderately convex, but
there is some damage to its medial portion. The
dorsal and ventral portions of the lateral surfaces
exhibit weak oblique ridges and grooves that repre-
sent the fused hypurals. The medial portion of the
plate is smooth.

Remarks. The isolated tooth (SC2018.7.135)
is easily distinguished from Sphyraena and Scomb-
eromorus by its rather conical appearance and pres-
ence of coarse lingual ridges (compare Fig. 28N to
Figs. 23B & 25H). The specimens of Sphyraenodus
available to us are recurved, lack carinae (i.e., Fig.
26F), are fluted along the entire base of the crown
(i.e., Fig. 20A), and lack a basal pulp cavity (i.e., Fig.
26D). The tooth lacks an apical barb as occurs on
laniary teeth of Trichiurides sagittidens (compare Fig,
28N to Fig, 25C). Although it is superficially similar
to teeth of Eutrichinrides plicidens (Arambourg, 1952)
reported from the Bartonian Gosport Sand of Ala-
bama (Ebersole et al. 2019), SC2018.7.135 does not
have a sinuous profile, and its basal outline is D-
shaped as opposed to circular.

Of the vertebral centra, specimens SC2009.2.2
(Fig. 28C-E) and SC2015.59.33 are morphologically
identical and therefore considered by us to be con-
specific. These vertebrae appear to have been from
the post-abdominal region of the spinal column.
The posterior surface of SC2016.49.2 is partially
encrusted by worm tubes and bryozoan colonies
(Fig. 281), suggesting a period of exposure on the
sea floor prior to burial. The ventral depression on
SC2018.7.139 is likely an articulation for an autono-
mous haemal arch, indicating the specimen is from
the ural region of the spine.

With respect to the hypural (SC2018.7.140),
we evaluated the neontological skeletal marine fish
collection at MSC to try and identify this fossil tax-
on. Our evaluation was by no means exhaustive, as
less than 80 taxa were available to us, but we ob-
served that a hypural complex is well-developed in
a wide range of marine fishes, including Opsanus
pardus (Goode & Bean, 1880) (Batrachoididae; MSC
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39079), Prionotus carolinus (Linnaeus, 1771) (Trigli-
dae; MSC 51171), and Menticirrbus americanus (Lin-
naeus, 1758) (Sciaenidae; MSC 51166). Due to the
limited skeletal sample, we focused our compara-
tive efforts on the hypural complexes of those te-
leost taxa represented in the Tupelo Bay Formation
sample.

Although a specimen of Albulidae was not
available to us, the caudal skeleton of Prerothrissus
gissu Hilgendorf, 1877 illustrated by Forey (1973: fig,
68) shows that the hypurals are unfused elements.
The hypurals of a juvenile Trichiurus lepturns Linnae-
us, 1758 that we examined (MSC 42592) were simi-
larly not fused to each other. The caudal skeleton
of Cylindracanthus and Sphyraenodus is unknown. Of
two Sphyraena (Sphyraenidae) hypural complexes we
examined, one from a 39 cm total length Sphyraena
borealis DeKay, 1842 (MSC 49480) and one of §. bar-
racuda (Edwards, 1771) (SC2018.3.1) of unknown
length, the parhypophysis is fused to hypurals 1 and
2, but this structure is not fused to the remainder of
the complex (hypurals 3-4 are fused to each other
and to the urostyle). Additionally, there is a deep
notch separating the upper and lower halves of the
hypural plate. Of two Secomberomorns cavalla (Cuvi-
er, 1829) (Scombridae) hypurals that we examined
(8C2018.3.49, SC2018.3.50), the hypural plate has
a morphology similar to that of SC2018.7.140, but
the urostyles of the former are significantly shorter,
and the articular rims are more thickened compared
to the fossil. Although an extant representative of
Istiophoridae was not available to us, hypural plates
of these fishes have been reported in the literature.
Specimen SC2018.1.140 lacks a fused parhypural
and the associated lateral keel of the parhypur-
apophysis as seen on istiophorid hypurals (Fierstine
& Wialters 1968; Potthoff & Kelley 1981; Purdy et
al. 2001; Monsch 2005). The hypurals of Chilomycte-
rus reticulatus (Linnaeus, 1758) and Diodon histrix Lin-
naeus, 1758 (Diodontidae) that we examined (MSC
51172 and MSC 49130, respectively) were not fused,
but Tyler (1980) illustrated skeletons of both gen-
era (figs. 288 and 281, respectively) that show the
hypural plate has a rather rectangular outline and is
largely conjoined with the urostyle. This was similarly
true for the hypural complex of Acanthostracion quad-
ricornis (Linnaeus, 1758) (Ostraciidae; MSC 49107),
which also exhibits a deep medial posterior notch
(see also Tyler 1980 for other members of this fam-
ily). The hypural plate of both Balistes capriscus and
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Canthidermis maculata (Bloch, 1786) (Balistidae; MSC
49484 and MSC 49305, respectively) is triangular in
lateral view but has a very short urostyle with thick-
ened articular rim and a large medial posterior notch
(see Tyler, 1980 for other members of this family).

The hypural complex of several other fossil
scombroid taxa has been documented, including
those of Sardini and Thunnini. The parhypural may
not be fused on some Sardini hypural plates, and the
articular region can have a conspicuously embayed
appearance. This feature is lacking on SC2018.7.140
but present on the hypural of an uncatalogued Sarda
sarda (Bloch, 1793) we examined at SC (see also Uy-
eno & Fuji 1975; Monsch 2005; Oyanadel-Urbina et
al. 2021). On Acanthocybinm and Neocybinm, the par-
hypophysis is fused to the urostyle and a parhypur-
apophysis is conspicuous (Purdy et al. 2001; Monsch
2005; Monsch & Bannikov 2011). Furthermore, the
urostyle of thunniform fishes is similar to that of
Scomberomorns, being short and with a thickened rim
(i.e., MSC 51187; also Fierstine & Walters 1968; Pur-
dy et al. 2001; Arratia & Schultze 2013), unlike the
condition seen on SC2018.7.140.

DiscussioN

Our sample of neatly 600 teeth and skeletal re-
mains from the Tupelo Bay Formation of Dorches-
ter County, South Carolina, USA represents at least
41 fish taxa. Thirty of these are chondrichthyans and
the remaining 11 are teleosts. Of the chondrichthy-
ans, Carcharhinidae is the most diverse group and
represented by 12 taxa, including a new species of
Galeorhinus. The apparently depauperate teleost com-
ponent and lack of microscopic taxa (i.e., Dasyatidae,
Rajidae) at least partially reflects a collecting bias, since
our field-collected sample consists of specimens vis-
ible to the naked eye (>2 mm in greatest dimension).
Diversity may also have been affected by taphonomic
processes, as several specimens are ablated (i.e., Fig
28K), exhibit apparent bioerosion (Fig. 19C-D), or
bear encrusting bryozoans and/or serpulid worm
tubes (i.e., Fig. 281), indicating that burial was not im-
mediate (see Stringer 2016). The lack of microscopic
remains in the 100 kg of processed matrix could re-
flect the general absence of species with such small
skeletal elements or may indicate winnowing by bot-
tom currents. Although otoliths representing a variety
of teleost fishes have been reported from the middle

and late Eocene of Alabama, Georgia, and Virginia
(Ebersole et al. 2019; Stringer et al. 2022; Lin et al.
2024), none of these structures appear to have been
preserved in the Tupelo Bay Formation and may be
related to taphonomic processes like leaching.

As outlined above, many of the elasmobranch
taxa in the Tupelo Bay Formation, like Hexanchus
agassizi, Otodus (Carcharocles) sokolows?, Striatolamia
macrota, Macrorhizodus praecursor, and Hemupristis curva-
tus (among others), occur in Eocene strata of widely
disparate global locations. Physggaleus secundus and
Premontreia (Oxyscyllium) gilberti may be included in
this group, but variations in the size and number of
distal heel denticles, lateral cusplets, and ornamenta-
tion among the reported specimens indicate a broad
interpretation of the taxa (i.e., multiple species may
be represented). Interestingly, Fostegostoma angustum
is now known to occur in the eastern and western
global hemispheres but published accounts are very
limited. In North America, Heterodontus was an ap-
parently uncommon component of Eocene marine
vertebrate assemblages, as relatively few specimens
have been reported among thousands of teeth oc-
curring in the Atlantic and Gulf coastal plains.

With respect to previously reported Eocene
fish assemblages of the USA, that of the Tupelo
Bay Formation most closely resembles those of
the Gosport Sand of Alabama and Clinchfield
Formation of Georgia. The latter units have been
correlated with the Cross Member of the Tupelo
Bay Formation (NP17), but the Pregnall Member
(source of the fossils described herein) is slightly
younger and within NP18, equivalent to the Cocoa
Sand of the Yazoo Clay of Alabama and Missis-
sippi in the Gulf Coastal Plain. Calcareous nanno-
plankton zone NP18 represents a relatively short,
roughly 400 Ka time interval, and the difference in
age among the Pregnall Member and NP17 units
may not be appreciable.

Although there is general congruity among
the various paleofaunas, notable exceptions include
the absence of H. agassizi, E. angustum, Isurolamna
inflata, and Sphyraenodus sp. from the Gosport Sand
and Clinchfield Formation. This may not be sut-
prising given that global occurrences of these taxa
indicate they were uncommon. The absence of
Psendabdonnia claibornensis from the Clinchfield For-
mation is notable considering the taxon occurs in
Eocene deposits of North Carolina (Castle Hayne
and Paint Hill formations) and likely as far north as
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Taxon Atlantic Coastal Plain Gulf Coastal Plain Tab. 1 ffCOmpar;SO; of thCl fish Paleo’
aunas of the Tupelo Bay For-
Tupleo Bay Formation (NP18)| Clinchfield Formation (NP17) | Gosport Sand (NP17) . P . Y

o — v mation (South Carolina), the
n- nth nth Clinchfield Formation (Geot-
gia), and Gosport Sand (Ala-
Hexanchus agassizi X bama). Tupelo Bay Formation
Heterodontus aff. vincenti X X ? records are based on this report.
Squatina prima X X Records from the Clinchfield
Nebrius thielensi X X X Formation are based on Par-
mley and Cicimurri (2003) and

Eostegostoma angustum X 7. .
- additional specimens housed at

Otodus (Carcharocles ) sokolowi? X X ?

SC. Records from the Gosport
Anomotodon novus X ? Sand are based on Ebersole et
Striatolamia macrota X X al. (2019) and examination of
Brachycarcharias twiggsensis X X X the specimens at MSC. Fields
Macrorhizodus praecursor X X marked with an “X” denote
Isurolamna inflata X the occurrence of the taxon
Alopias of. alabamensis X as identified in the far-left col-

- - umn, blank fields indicate their
Galeorhinus semiserratus sp. nov. X s 1
— absence, and “?” indicates that

achyscyllium sp.

yeey P X the genus has been reported but
Premontreia (Oxyscyllium) gilberti X X the species is unknown. For ex-
Hemipristis curvatus X X ample, Anomotodon novus occurs
Pseudabdounia claibornensis X X in the Tupelo Bay Formation,
Abdounia minutissima % % but unspeciated teeth were re-
Abdounia enniskilleni X X X ported in the Gosport Sand and
- - the genus is unknown in the

Carcharhinus sp. X C. mancinae X .

— - Clinchfield Formation. Note
Negaprion gilmorei X X X that this table excludes Gingly-
Physogaleus aff. contortus X mostomatidae indet. and Car-
Physogaleus aff. secundus X X X chariidae indet. because the few
Galeocerdo clarkensis X X X teeth available could represent
Pristis sp. X X X one of the species we identified

1 1 T,
Propristis schweinfurthi X X X ba.sed (‘)n OFhCr fossils (1.6., l\‘ ¢
“Actomylacus” sp. " " X b@ts Z‘/]lé"/eﬂﬂ and er/gymrf/mrm;

—— nwiggsensis, respectively), rather
"Myliobatis" sp. X X X . ..

. than unique taxa (i.e., Ginglymo-
Rhinoptera” sp. X X X stoma ot Mennerotodus, respec-
Egertonia isodonta X X tively). However, Ostraciidae
Albula oweni X X X indet. is included because the
Sphyraena sp. X X X remains are unique (dermal ar-
Xiphiorhynchus sp. < mor) among the other species

represented by teeth and jaws.
Trichiurides sagittidens X X p Y jaw
Scomboromorus o The total number of non-oto-
- X lith fossils from each lithostrati-
Sphyraenodus sp. X graphic unit is indicated by “n”.
Ostraciidae indet. X X
Lobodus pedemontanus X X
Progymnodon hilgendorfi X X
Cylindracanthus rectus X X X

New Jersey (Shark River Formation). Interestingly,
there is a greater abundance of Pristis and Propris-
#is rostral spines within the Clinchfield Formation
compared to the Gosport Sand and Tupelo Bay
Formation. It would appear that the taxonomic dif-
ferences among the formations are more indicative
of environmental conditions/depositional environ-
ment rather than a reflection of temporal variation.
However, in the case of Alpias ct. alabamensis, the
absence of the species from the Bartonian Gosport
Sand and Clinchfield Formation is likely related
to geologic age, as these units are older than the
roughly contemporaneous records from the Pri-

abonian Yazoo Clay (source of type specimens) and
Tupelo Bay Formation.

Most of the specimens from the Tupelo Bay
Formation were recovered from the lower 5 m of the
exposed sections, and relatively few specimens were
recovered from the uppermost 1 m of the forma-
tion. Unfortunately, most of the former specimens
wete recovered as float, and we cannot rule out the
possibility that they originated from stratigraphically
higher in the section (Parkers Ferry and Harleyville
formations; see Fig. 2). Banks (1977) suggested that
the lower limestone at the Giant Portland Cement
quarry represents deposition within an outer neritic
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environment where water depth was about 100 m.
Such a depth could explain the presence in the Tu-
pelo Bay Formation of Hexanchus, a genus regarded
as a deepwater shark (>100 m) based on distribu-
tions of extant species (Compagno et al. 2005; Cas-
tro 2010). The Gosport Sand, in contrast, accumu-
lated within a highly dynamic deltaic environment
(Pietsch et al. 2016), and the Clinchfield Formation
represents an inner shelf environment of normal
to slightly reduced salinity with water depth of less
than 20 m (Herrick 1972; Stringer et al. 2022). One
of the few other Eocene records of hexanchid
sharks in the Atlantic Coastal Plain, Nozorynchus, was
reported from nearshore marine sands of the Dry
Branch Formation (Priabonian) of South Carolina
(Cicimurri & Knight 2019). The extant species, 1.
cepedianus (Péron, 1807), is considered a nearshore
(<100 m) taxon (Compagno et al. 2005).

Teeth of O. (C.) sokolowi? and Brachycarcharias
twiggsensis were recovered from the lower and upper-
most limestones of the Tupelo Bay Formation, in-
dicating a broad environmental range. According to
Banks (1977), the limestone comprising the upper
part of the formation represents open-water depo-
sition under normal salinity, sub-tropical to tropical
conditions, below wave base in the subtidal zone.
These records further demonstrate, as do specimens
from the Gosport Sand (Ebersole et al. 2019) and
Clinchfield Formation (Parmley & Cicimurti 2003),
that these taxa could tolerate a variety of marine en-
vironments. If extant Heterodontus francisci (Girard,
1855) can be used as a model, the temperature at
the depth at which H. aff. vincenti lived within the
Tupelo Bay Formation environment was between
15° and 24° C (Meese & Lowe 2020). This tempet-
ature estimate might conflict with the occurrence
of Hexanchus agassizi, but diel patterns of extant H.
grisens, a deepwater taxon tolerating temperatures
of <15° C (Rodriguez-Cabello et al. 2018), show
that this shark migrates several hundred meters into
shallower water each day (ca. 20° C), likely in search
of food (Andrews et al. 2009; Coffey et al. 2020).

CONCLUSIONS

Forty-one unequivocal fish taxa have been
identified in the Tupelo Bay Formation in South
Carolina, USA. One new taxon, Galeorhinus semiser-
ratus sp. nov., is recognized, and additional new re-

cords for the Eocene Atlantic Coastal Plain include
the sharks Eostegostoma angustum and Lsurolamna in-
flata, and the scombroid fish Sphryraenodus sp. The
overall composition of the Tupelo Bay Formation
fish assemblage is comparable to those of the Gos-
port Sand (Bartonian) of Alabama and Clinchfield
Formation (Bartonian) of Georgia, USA. Our sam-
ple is likely size biased, as the taxa we identified are
represented by elements collected as float that were
visible to the naked eye. Future work within the Tu-
pelo Bay Formation is warranted, as intensive bulk
sampling could be conducted to recover microfos-
sils like teeth of dasyatid rays and other bony fishes.
However, recovery of only three shark teeth from
approximately 100 kg of matrix associated with
skeletal remains of larger taxa indicates it will be
necessary to process a substantially large amount of
material.
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