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Introduction

In Louisiana, USA, Paleogene surface exposures consti-
tute a nearly time-continuous series extending from the 
Cretaceous-Paleogene boundary to the end of the Oli-
gocene (Fig. 1). In ascending order, the Paleocene units 
are divided into the Danian Midway Group ( Kincaid For-
mation and Porters Creek Clay) and Selandian/Thanet-
ian Wilcox Group (Naborton, Dolet Hills, Cow Bayou, 
Converse, Lime Hill, Hall Summit, Marthaville, Pendle-
ton, and Sabinetown formations). The Paleocene-Eocene 
boundary occurs within the Sabinetown Formation, and 
although the upper part of the unit is of Ypresian age, 
the entirety of the formation is placed within the Wil-
cox Group. The remaining Eocene units are grouped 
into the Ypresian to upper Bartonian Claiborne Group 
(Carrizo, Cane River, Sparta, Cook Mountain, Cockfield 
formations) and Bartonian to Priabonian Jackson Group 
(Moodys Branch Formation, Yazoo Clay, Danville Land-
ing and Mosley Hill formations). The Oligocene units 
are divided into the Rupelian Vicksburg Group (Sandel, 
Rosefield, and Nash Creek formations) and the Chattian 
Catahoula Formation, which is not placed within a geo-
logic group (Johnston et al., 2000).

Although the occurrence of Paleogene elasmobranch 
teeth in Louisiana has been known since at least the late 
19th century (see Hopkins, 1870; Vaughan, 1896; Glenk, 
1934; Arata, 1964; Domning, 1969), there has been a 
paucity of systematic studies on this material. Stringer 
(1977) appears to have conducted the first systematic 
evaluation of any Paleogene fish paleofauna in Louisi-
ana, and he reported 17 elasmobranch taxa in association 
with a diverse teleost otolith assemblage from the Pria-
bonian Yazoo Clay in Caldwell Parish. Breard (1978), 
Lancaster (1982, 1986), Manning & Standhardt (1986), 
and McPherson & Manning (1986) subsequently docu-
mented the presence of additional shark and ray species 
from upper Eocene Jackson Group strata in Caldwell, 
Grant, and La Salle parishes, and some of the species 
were directly associated with an archaeocete whale 
skeleton occurring in the Yazoo Clay. Several early 
Oligocene elasmobranchs were listed by Stringer et al. 
(2001) within their description of otoliths from the type 
section of the Oligocene Rosefield Formation in Ca-
tahoula Parish and, lastly, Cappetta & Stringer (2002) 
described a new mobulid ray, Eoplinthicus yazooensis, 
based on isolated symphyseal teeth derived from the Ya-
zoo Clay in Caldwell Parish. 
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In December 2020 we examined two large museum col-
lections of Paleogene fossil fish (elasmobranch and tel-
eost) remains from Louisiana, totaling approximately 
5000 specimens. Although many of the fossils were pre-
viously examined by other researchers, our evaluation 
resulted in the discovery of several elasmobranch taxa 
that were previously undocumented from the Paleogene 
Gulf Coastal Plain record of the USA. The purpose of 
this report is to describe these noteworthy fossils (n=99) 
and discuss any taxonomic issues regarding the identified 
taxa. We also comment on the paleobiological and paleo-
biogeographical significance of these specimens.

Methods

This report stems from our examination of fossil fish 
remains from Louisiana that are contained within two 
large vertebrate paleontology collections. One collection 
is housed at the Louisiana State University Museum of 
Natural Science (LSUMG) in Baton Rouge, USA, and the 
other at McWane Science Center (MSC) in Birmingham, 
Alabama, USA. The specimens described herein were 
collected from four distinct Eocene and Oligocene litho-
stratigraphic units and localities in Louisiana, includ-
ing the Cook Mountain Formation (B.F. Smith quarry, 

Figure 1. Generalized stratigraphic section for Paleogene strata of Louisiana, USA. Lithostratigraphic units highlighted in dark 
gray are those formations from which the fossils discussed in this report were derived. Numbers in closed circles correspond to 
the localities shown in Figure 2, including 1) B.F. Smith quarry, Bossier Parish; 2) Interstate 49 site, Natchitoches Parish; 
3) Montgomery Landing, Grant Parish; 4) Rosefield, Catahoula Parish. Modified from Johnston et al. (2000).
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 Bossier Parish, Fig. 2.1), Cane River Formation (Inter-
state 49 locality, Natchitoches Parish, Fig. 2.2), Tullos 
Member of the Yazoo Clay (Montgomery Landing, Grant 
Parish Fig. 2.3), and Rosefield Formation (Rosefield type 
locality, Catahoula Parish, Fig. 2.4). Further information 
regarding these lithostratigraphic units and localities 
are discussed within the Systematic Paleontology and 
Discussions sections of this study. As these are histori-
cal localities that were discovered prior to the advent of 
GPS, the geographic location information is based on 
the Unites States Public Land Survey System of Sec-
tion, Township and Range. A section represents 2.7 km2 
within an east-west Range unit of 9.7 km and north-south 

Township unit of 9.7 km.  
Specimens larger than 0.5 cm were photographed with a 
Nikon D80 DSLR camera with Tamron macro lens. Teeth 
smaller than 0.5 cm were photographed with an AmScope 
MU1000 camera mounted to an AmScope 3.5x–90x 
 stereo microscope, and 10MB TIFF images were taken 
using AmScope Toupview software version 3.7. Resulting 
photographs were rendered and arranged into the present 
figures using Photoshop CC 2017 software. The higher 
taxonomic rankings used herein generally follow Nelson 
et al. (2016). Elasmobranch tooth terminology largely 
follows that of Shimada (2002) and Cappetta (2012), and 
tooth group terminology follows Siverson (1999).

Figure 2. Geographic map showing state outlines of the USA (top) and state outline of Louisiana (bottom). Numbered polygons 
indicate the parishes and localities discussed in the text, including 1) B.F. Smith quarry, Bossier Parish; 2) Interstate 49 site, 
Natchitoches Parish; 3) Montgomery Landing, Grant Parish; 4) Rosefield, Catahoula Parish.
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Systematic Paleontology

Class Chondrichthyes Huxley, 1880
Subclass Euselachii Hay, 1902
Infraclass Elasmobranchii Bonaparte, 1838
Division Selachii Compagno, 1977
Superorder Galeomorphi (sensu Nelson et al., 2016)
Order Carcharhiniformes Compagno, 1973
Family Carcharhinidae Jordan & Evermann, 1896
Genus Carcharhinus de Blainville, 1816

Carcharhinus tingae n. sp.
urn:lsid:zoobank.org:act:58196134-91EB-4EE7-AB82-
8DAA4D464F00
Figures 3.1-3.6, 4.1-4.12

Diagnosis – Upper and lower teeth with a somewhat 
erect to highly distally inclined cusp (Figs 3.4 and 4.1); 
post-anterior teeth with elongated distal heel separated 
from cusp by distinctive notch; distal heel with moderate 
to strong denticulation; mesial and distal cutting edges 
nearly completely serrated (not to the cusp apex); mesial 
serrations largest at the lower part of the cutting edge; 
serrations weakly compound; denticles of distal heel with 
serrations on the mesial cutting edge (Figs 3.5b, 3.6b); 
distinctive angular intersection of crown and root when 
viewed mesially (I.e., Figs 3.4d, 3.3a, 3.6d, 4.5c, 4.11c). 

Etymology – This species is named in honor of Dr Suyin 
Ding Ting (LSUMG) for her contributions to our knowl-
edge of the fossil record of Louisiana.

Type stratum and age – Reddish-brown ironstone (goethite 
sensu De Hon et al. 2001), upper part of the Cook Moun-
tain Formation, middle Eocene, Bartonian Stage, calcar-
eous nannoplankton Zone NP17 (Fig. 1.1).

Type locality – B.F. Smith quarry, 9.3 km northeast of 
Plain Dealing, NE ¼, NW ¼, Sec. 29, T. 23 N, R. 12 W, 
Bossier Parish, Louisiana (Fig. 2.1). 

Holotype – LSUMG V-22439 (upper left lateral tooth, 
Fig. 3.2a-d).

Paratypes – LSUMG V-22422 (upper right latero-pos-
terior tooth, Fig. 3.3a-c), LSUMG V-22436 (lower left 
anterior tooth, Fig. 3.4a-d), LSUMG V-22437 (upper left 
anterior tooth, Fig. 3.1a-d), LSUMG V-22438 (lower right 
lateral tooth, Fig. 3.5a-d), LSUMG V-22451 (lower left 
latero-posterior tooth, Fig. 3.6a-d).

Additional material examined – LSUMG V-16815 (17 
teeth), LSUMG V-22420, LSUMG V-22421, LSUMG 
V-22423, LSUMG V-22424, LSUMG V-22425, LSUMG 
V-22426, LSUMG V-22427, LSUMG V-22428, LSUMG 
V-22429, LSUMG V-22430, LSUMG V-22431, LSUMG 
V-22432 (Fig. 4.7a-c), LSUMG V-22433, LSUMG V-22434, 
LSUMG V-22435, LSUMG V-22440, LSUMG V-22441 
(Fig. 4.6a-c), LSUMG V-22442 (Fig. 4.8a-c), LSUMG 

V-22443, LSUMG V-22444 (Fig. 4.2a-c), LSUMG V-22445 
(Fig. 4.5a-c), LSUMG V-22446, LSUMG V-22447, LSUMG 
V-22448, LSUMG V-22449, LSUMG V-22450, LSUMG 
V-22452, LSUMG V-22453, LSUMG V-22454 (Fig. 4.1a-c), 
LSUMG V-22455, LSUMG V-22456 (Fig. 4.4a-c), LSUMG 
V-22457 (Fig. 4.10a-c), LSUMG V-22458, LSUMG V-22459, 
LSUMG V-22460, LSUMG V-22461, LSUMG V-22462, 
LSUMG V-22463, LSUMG V-22464, LSUMG V-22465 
(9 teeth), LSUMG V-22466, LSUMG V-22467, LSUMG 
V-22468, LSUMG V-22469, LSUMG V-22470, LSUMG 
V-22471 (Fig. 4.3a-c), LSUMG V-22472 (Fig. 4.12a-c), 
LSUMG V-22473, LSUMG V-22474, LSUMG V-22475 
(Fig. 4.11a-c), LSUMG V-22476, LSUMG V-22477 (Fig. 
4.9a-c), LSUMG V-22478, LSUMG V-22479, LSUMG 
V-22500, LSUMG V-22501.

Description – Upper and lower anterior teeth have a rath-
er erect cusp. The mesial cutting edge of upper anterior 
teeth is elongated and concave basally, where the edge 
extends into a heel-like structure that is poorly differen-
tiated from the rest of the crown (Figs 3.1c, 4.1b). The 
mesial edge is very coarsely serrated on this structure 
(Fig. 3.1d), but serrations become finer and are ultimate-
ly obsolete at the apex. The upper two-thirds to three-
quarters of the mesial edge may be straight (Fig. 4.3a) or 
slightly convex (Fig. 3.1b). The distal cutting edge is also 
elongated and very concave basally, where the crown foot 
extends into an oblique heel (Figs 3.1c, 4.1a, 4.3b). This 
heel is longer than that of the mesial side, and it also bears 
coarse serrations. The remainder of the cutting edge is 
weakly convex, nearly vertical, and bears finer serrations 
that are ultimately obsolete at the crown apex. The ser-
rations of the mesial and distal edges are weakly com-
pound, although this is not consistent along any particu-
lar cutting edge. The mesial and distal cutting edges meet 
apically to form a relatively low but broadly triangular 
cusp, which is slightly distally inclined (Figs 3.1c, 4.1b, 
4.3a). The root is bilobate, rather thin labio-lingually but 
high in lingual view. In mesial view the crown and root 
intersection presents an angular appearance (Fig. 4.1c). 
Root lobes are rather short but highly diverging, sepa-
rated by a U-shaped interlobe area, and there is a narrow 
but long lingual nutritive groove (Figs 3.1b, 4.1a). 
On lower anterior teeth, the mesial edge is deeply concave 
basally (Fig. 3.4b), such that the crown base is extended 
into a long heel. This edge is finely and regularly ser-
rated nearly to the crown apex (Fig. 3.4d). The distal cut-
ting edge is elongated, finely serrated nearly to the apex, 
nearly vertical to slightly inclined, and generally straight 
(Fig. 3.4b). The serrations of both edges are weakly com-
pound, although this is not consistent along any particu-
lar cutting edge. The mesial and distal cutting edges meet 
apically to form a tall and relatively narrow, triangular 
cusp. This cusp is vertical (Fig. 3.4c) to slightly distally 
inclined (Fig. 4.9b). A low distal heel extends perpen-
dicularly from the distal cutting edge, and the transition 
from edge to heel is deeply concave to angular (Figs 3.4a, 
4.9a). The heel is evenly serrated, and these have fine ser-
rations on the mesial side (Fig. 3.4b). The root is similar 
to that of the upper anterior teeth, but the interlobe area is 
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less concave (Fig. 3.4a).
Upper lateral teeth can be distinguished from the ante-
rior teeth by their more distally inclined cusp, a distinc-
tive notch separates the distal heel from the distal cut-
ting edge, and large denticles occur on the heel (Figs 
3.2b, 4.2a, 4.4a, 4.6b). The mesial cutting edge may be 
weakly sinuous (Fig. 4.6a), relatively straight (Fig. 4.4b), 
or even slightly convex (Fig. 3.2b). Serrations are largest 
basally but become obsolete apically. The distal cutting 
edge is short, finely serrated nearly to the apex, inclined 
to varying degrees, and ranges from straight to weakly 
convex. The serrations of both cutting edges are weakly 
compound, although this is not consistent along any par-
ticular cutting edge. The mesial and distal cutting edges 
meet apically to form a relatively low, broadly triangular 
cusp that is distally inclined to varying degrees (Fig. 4.4 
vs. 4.6). A distal heel extends obliquely from the distal 
cutting edge, and this transition is marked by a conspicu-

ous notch (Fig. 3.2c). The heel bears up to seven triangu-
lar denticles (the largest of which is located at the distal 
notch) that decrease in size basally. The mesial edge of the 
denticles is serrated. The root is comparable to that of the 
anterior teeth, except that root lobes are more elongated, 
the interlobe area is wider, and lobes are more rounded.
Lower lateral teeth can be distinguished from lower 
anterior teeth by their lower and distally inclined cusp, 
and a distal heel is separated from the distal edge by a 
conspicuous notch. The mesial cutting edge is elongated 
and strongly concave basally, such that the crown base 
is extended into a heel-like structure. This edge is finely 
and regularly serrated nearly to the crown apex. The dis-
tal cutting edge is shorter than the mesial edge, finely 
serrated almost to the apex, may be vertical to weakly 
inclined, and is generally straight. The serrations on the 
mesial and distal cutting edge are weakly compound in a 
manner similar to the anterior teeth. The mesial and dis-

Figure 3.1-6. Carcharhinus tingae n. sp. hypodigm. 1a-d) LSUMG V-22437, paratype, upper right anterior tooth in a) mesial, 
b) lingual, and c) labial views, d) close-up of mesial serrations. 2a-d) LSUMG V-22439, holotype, upper left lateral tooth 
in a) mesial, b) lingual, and c) labial views, d) close-up of mesial serrations. 3a-c) LSUMG V-22422, paratype, upper right 
postero-lateral tooth in a) mesial, b) lingual, c) and labial views. 4a-d) LSUMG V-22436, paratype, lower left anterior tooth 
in a) lingual view, b) close-up of mesial serrations, c) labial view, d) mesial view. 5a-d) LSUMG V-22438, paratype, lower left 
lateral tooth (reversed for comparison); a) lingual view, b) close-up of distal denticles and serrations, c) labial view, d) mesial 
view. 6a-d) LSUMG V-22451, paratype, lower left postero-lateral tooth (reversed for comparison); a) lingual view, b) close-up 
of distal denticles and serrations, c) labial view, d) mesial view. Scale bars = 5 mm.
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tal cutting edges form a moderately high but relatively 
narrow cusp that is distally inclined to varying degrees 
(Fig. 4.8b vs 4.10b). The distal heel is oblique, and the 
transition from the distal cutting edge is marked by a 
distinct notch and the location of a prominent denticle 
on the heel (Figs 3.5c, 4.2b). The heel is denticulated in 
a manner similar that of upper teeth, as they decrease in 
size basally and bear fine serrae on the mesial edge (Figs 
3.5b). The root is comparable to that of the anterior teeth 
but the root lobes are longer.
Upper and lower posterior teeth are of rather small size, 
with a very low crown. Upper posterior teeth (Fig. 3.3) 
have an elongated and weakly convex mesial cutting 
edge, whereas that of lower posterior teeth is very con-
cave (Fig. 3.6a). The cusp of upper posterior teeth is wide 
and highly distally inclined, whereas the cusp of lower 
posterior teeth is somewhat narrower and more erect. 
The distal heel of both positions is separated from the 
main cusp by a distinctive notch and the first distal heel 
 denticle (Figs 3.3c, 3.6b, 3.6c). Root lobes are low and 
sub-rectangular, the interlobe area is shallow and U-
shaped, and the lingual nutritive groove is narrow and 
long (Fig.3.3b, 3.6a).

Remarks – As part of our study, we examined 34 jaws (20 
specimens at SC, 14 at MSC) that represent 14 extant spe-
cies of Carcharhinus. These specimens showed that all 
but the symphyseal files form within one continuous hol-
low, and the transition from anterior to lateral to posterior 
files is gradual. Within the upper jaws, the teeth within 
the anterior-most files, not directly on or adjacent to the 
symphysis, are roughly symmetrical and slightly smaller 
in size than teeth within the first few lateral files. These 
first lateral teeth have a slightly inclined cusp, but teeth 
become smaller in overall size, lower in overall height, 
and the cusp becomes more distally inclined towards the 
commissure. Upper teeth generally have a broader cusp 
compared to lower teeth. 
Based on our evaluation of isolated teeth, the dentition 
of Carcharhinus tingae n. sp. exhibited both mono-
gnathic and dignathic heterodonty that is consistent 
with our observations of the dentitions of extant spe-
cies. Monognathic heterodonty in the upper and lower 
jaws is expressed in the form of morphologies that can 
be referred to as anterior (Figs 3.4, 4.1), lateral (Figs 
3.2, 3.5, and posterior (Figs 3.3, 3.6), with the crown 
becoming wider and the cusp lower and more distally 
inclined (i.e., more asymmetrical) from the symphysis 
to the commissure. Also, the distal heel of upper ante-
rior teeth is not clearly separated from the distal cut-
ting edge, whereas on lateral teeth these structures are 
delineated by a distinctive notch and the location of the 
first of the heel denticles (i.e., Fig. 4.5a, b). With re-
spect to dignathic heterodonty, the cusp of upper teeth 
is mesio-distally broader (Fig. 4.4) than that of lower 
teeth (Fig. 4.8), the mesial cutting edge of lower teeth 
is much more concave (Fig. 3.5) than on upper teeth 
(Fig. 3.2), and distal heel denticles are larger and more 
numerous on upper lateral teeth (Fig. 4.2a) compared to 
lower laterals (Fig. 4.10a).

An additional tooth morphology differs from those de-
scribed above by being small in overall size, symmet-
rical, with a rather high, vertical, narrow and triangu-
lar main cusp (Fig. 4.11a). The cusp is flanked by low 
horizontal shoulders that are nearly perpendicular to the 
cusp (Fig. 4.11b). In the jaws of extant Carcharhinus spe-
cies that we examined, teeth of this morphology occur 
within the lower dentition, directly on (symphyseal) or 
immediately adjacent to (parasymphyseal) the symphy-
sis. In contrast, teeth in equivalent positions in the up-
per jaw tend to be much larger and have a more broadly 
triangular cusp.
Teeth of C. tingae n. sp. are easily distinguished from 
those of all other Paleogene Carharhinus species by the 
combination of nearly completely serrated mesial and 
distal cutting edges, serrations are weakly compound, 
the distal heel on all lateral teeth is separated from the 
cusp by a distinctive notch, and denticles of the distal 
heel are serrated on the mesial edge. We believe that 
the combination of dental features described above are 
characteristic of Carcharhinus as opposed to one of sev-
eral somewhat similar, coeval genera. The development 
of dignathic heterodonty in C. tingae n. sp. is in sharp 
contrast to the dentition of Galeocerdo Müller & Henle, 
1837, in which isolated upper and lower teeth are difficult 
to distinguish from one another. Although the teeth of 
Eocene Physogaleus Cappetta, 1980 and  Galeorhinus de 
Blainville, 1816 can have a heavily denticulated distal 
heel, both genera lack nearly completely serrated me-
sial and distal cutting edges. Eocene  Rhizoprionodon 
Whitley, 1929 species lack both a heavily denticu-
lated distal heel and serrated cutting edges. Although 
the Eocene species frequens (Dames, 1883), gilmorei 
(Leriche, 1942), and marçasi (Arambourg, 1952) have 
been assigned to Carcharhinus, Underwood & Gunter 
(2012) consider these teeth more appropriately assigned 
to  Negaprion Whitley, 1940 because they lack serrations 
on the main cusp and the lateral heels are smooth or only 
weakly serrated. 
Carcharinus mancinae Ebersole, Cicimurri & Stringer, 
2109 from the Bartonian “upper” Lisbon Formation and 
Gosport Sand of Alabama is the only other species of 
Carcharhinus that has been identified from the Eocene 
Mississippi Embayment. Although this species also has 
weakly compound serrations, the distal heel is not well 
differentiated from the cusp except for in more poste-
rior files. In contrast, a distinctive notch is present on 
all post-anterior upper and lower teeth of C. tingae. 
In mesial view, teeth of C. tingae n. sp. have an angu-
lar appearance due to the juncture of the crown and 
root, whereas C. mancinae teeth are flat. Carcharinus 
 mancinae teeth also attain much larger sizes (>1 cm in 
height) and the serrations are more complex than those 
of C. tingae n. sp. (<1 cm in height). Also, C. mancinae 
has a unique triangular upper anterior tooth morphol-
ogy that does not appear to be present in the C. tingae n. 
sp. dentition. The C. tingae n. sp. morphology does not 
represent  heterodonty within C. mancinae, as juvenile 
specimens of the latter species from the Gosport Sand 
type section are essentially smaller versions of adult 
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Figure 4.1-12. Carcharhinus tingae n. sp. referred specimens. 1a-c) LSUMG V-22454, upper right anterior tooth in a) lingual, b) 
labial, and c) mesial views. 2a-c) LSUMG V22444, upper right lateral tooth in a) lingual, b) labial, and c) mesial views. 3a-c) 
LSUMG V-22471, upper left anterior tooth in a) lingual, b) labial, and c) mesial views. 4a-c) LSUMG V-22456, upper right 
lateral tooth in a) lingual, b) labial, and c) mesial views. 5a-c) LSUMG V-22445, upper right antero-lateral tooth in a) lingual, 
b) labial, and c) mesial views. 6a-c) LSUMG V-22441, upper right lateral tooth in a) lingual, b) labial, and c) mesial views. 7a-c) 
LSUMG V-22432, lower right antero-lateral tooth in a) lingual, b) labial, and c) mesial views. 8a-c) LSUMG V-22442, lower left 
lateral tooth in a) lingual, b) labial, and c) mesial views. 9a-c) LSUMG V-22477, lower left anterior tooth in a) lingual, b) labial, 
and c) mesial views. 10a-c) LSUMG V-22457, lower left postero-lateral tooth in a) lingual, b) labial, and c) mesial views. 11a-c) 
LSUMG V-22475, lower symphyseal(?) tooth in a) lingual, b) labial, and c) mesial views. 12a-c) LSUMG V-22472, lower left 
posterior tooth in a) lingual, b) labial, and c) mesial views. Scale bars = 5 mm.
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teeth. Additionally, the Cook Mountain Formation elas-
mobranch sample we examined lacks the C. mancinae 
morphology.
No other Eocene Carcharhinus species have been identi-
fied from the United States. However, an additional west-
ern hemisphere record of Carcharhinus is based on a sin-
gle upper left tooth from the middle Eocene of Jamaica 
(Underwood & Gunther, 2012). That specimen differs 
from upper teeth of C. tingae n. sp. by having the largest 
mesial serrations located at the medial portion of the cut-
ting edge (as opposed to basally), the serrations appear to 
be simple rather than compound, the distal heel has more 
denticles, denticles lack serrations on the mesial edges, 
and the interlobe area is deeply V-shaped instead of shal-
low and U-shaped. Underwood & Gunter (2012) suggest-
ed that the Jamaican tooth was comparable to teeth of C. 
balochensis Adnet, Antoine, Baqri, Crochet, Marivaux, 
Welcomme & Métais, 2007, but the morphology was 
more recently considered it to be conspecific with C. kas
serinensis Adnet, Marivaux, Cappetta, Charruault, Es-
sid, Jiquel, Ammar, Marandat, Marzougui, Merzeraud, 
Temani, Vianey-Liaud & Tabuce, 2020.
Carcharhinus tingae n. sp. has a sinuous mesial cutting 
edge, whereas Bartonian C. kasserinensis has a more 
uniformly convex edge, is larger, and the serrations of 
upper teeth are much coarser. Although the lower teeth of 
C. kasserinensis are poorly known, they appear to differ 
from those of C. tingae n. sp. by having a lower cusp with 
strongly convex cutting edges, and the mesial and distal 
ends of the crown are shorter (Adnet et al., 2020). The 
middle-to-late Eocene species C. underwoodi Samonds 
et al., 2019 is not known to exhibit dignathic heterodonty 
(based on the 12 referred specimens and other teeth that 
were synonymized), which contrasts with our interpreta-
tion of the C. tingae n. sp. dentition. Additionally, com-
pared to C. tingae n. sp. upper teeth, the mesial cutting 
edge of C. underwoodi is straight to only weakly sinuous 
and its upper portion is not convex, denticles on the distal 
heel are more numerous, and a notch separating the distal 
cutting edge from the distal heel is lacking (Samonds et 
al., 2019).  
The validity of Carcharhinus balochensis, from the 
late Eocene and early Oligocene of Pakistan, has been 
questioned. Samonds et al. (2019) considered most of 
the type suite to be conspecific with Galeocerdo eagle
somei White, 1955, and the remaining tooth was syno-
nymized with C. underwoodi. However, Ebersole et al. 
(2019) considered the dentition of C. balochensis to have 
been similar to C. mancinae, and Adnet et al. (2020) also 
maintained usage of C. balochensis. The G. eaglesomei-
like morphology of C. balochensis is much larger than 
teeth of C. tingae n. sp. and it lacks a distinctive notch 
between the distal cutting edge and the distal heel. The 
C. balochensis tooth that Samonds et al. (2019) consid-
ered synonymous with C. underwoodi also lacks a distal 
notch, and instead the transition from distal cutting edge 
to distal heel is a rounded corner. Additionally, lower 
teeth of C. tingae n. sp. are taller and the cutting edges 
less convex than on C. balochensis lower teeth (Adnet et 
al., 2007). 

Genus Isogomphodon Gill, 1862

Isogomphodon sp.
Figures 5.1-5.4

Material examined – MSC 43497.1 (Fig. 5.1a-c), MSC 
43497.2 (Fig. 5.4a-c), MSC 43497.3 (Fig. 5.2a-c), MSC 
43497.4, MSC 43497.5, MSC 43497.7, MSC 43497.8 (Fig. 
5.3a-c), MSC 43497.9.

Stratigraphic occurrence and age – Rosefield Formation 
(former “Rosefield Marl beds”), lower Oligocene (Rupe-
lian Stage), planktonic foraminiferal Zone P19 (Fig. 1.4).

Locality – “Rosefield Marl beds” type section, 0.2 km 
east of Rosefield Cemetery, NE ¼, Sec. 31, T. 11 N, R. 5 E, 
Catahoula Parish, Louisiana (Fig. 2.4).

Description – Upper anterior teeth have a tall, broad-
based, sharply pointed main cusp (Fig. 5.2b). The main 
cusp is labio-lingually thin, with a flat labial face and 
weakly convex lingual face. In profile view the cusp 
has a slightly sinuous outline, with the cusp apex curv-
ing slightly labially (Fig. 5.2c). The crown enameloid is 
smooth. The mesial and distal cutting edges are smooth 
and extend from the crown apex and onto short lateral 
shoulders at the crown base. The root is bilobate with 
short, somewhat rectangular, widely diverging lobes. 
There is a narrow lingual nutritive groove and the inter-
lobe area is shallow and V-shaped (Fig. 5.2a).
The main cusp of lower anterior teeth is very narrow 
and sharply pointed, with sub-parallel mesial and distal 
margins that become convex apically (Fig. 5.3b). The la-
bial face is flat to weakly convex, whereas the lingual 
face is very convex. The crown enameloid is smooth. 
The cutting edges are smooth and continuous from the 
apex to the crown foot, where they extend onto short lat-
eral heels. In profile view the crown is slightly lingually 
curved (Fig. 5.3c). The root is bilobate with rather short, 
widely diverging, rounded lobes. The interlobe area is V-
shaped or U-shaped, and a narrow nutritive groove oc-
curs on the lingual root face (Fig. 5.3a).
Lateral teeth have a narrow, triangular cusp that is sharp-
ly pointed (Fig. 5.1). The cusp can be high or low, and 
erect to slightly distally inclined depending on the file 
(Fig. 5.1 vs. Fig. 5.4). In profile the cusp is weakly to 
strongly lingually curving. The labial face is nearly flat 
to convex, and the lingual face is very convex. Crown 
enameloid is smooth. The mesial and distal cutting edges 
are smooth and continuous from the cusp apex to the 
crown foot, where they extend onto low, elongated lateral 
heels. The root is bilobate with elongated, widely diverg-
ing, sub-rectangular to rounded lobes. The interlobe area 
is U-shaped and weakly to strongly developed. A narrow 
lingual nutritive groove is located medially (Figs 5.1a and 
5.4a).

Remarks – Although our sample consists of only nine 
specimens, we identified monognathic and dignathic 
heterodonty within this Isogomphodon species. Upper 
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anterior teeth (Fig. 5.2) have a labio-lingually thinner 
but mesio-distally wider crown than lower anterior teeth 
(Fig. 5.3). The lateral teeth have a narrower crown than 
the anterior teeth, the lateral shoulders are more elon-
gated and perpendicular to the main cusp, the root lobes 

are comparatively longer and more widely separated, and 
the interlobe area is shallower (Figs 5.1, 5.4). There was 
slight variation in the cusp attitude, ranging from erect 
to distally inclined, which we interpret to reflect upper 
(inclined) and lower (erect) lateral files. 

Figure 5.1-8. Isogomphodon sp., Mustelus sp., Xiphodolamia ensis, Eoplinthicus yazooensis, and Gymnura sp. teeth. 5.1a-c) MSC 
43497.1, Isogomphodon sp. lower right antero-lateral tooth in a) lingual, b) labial, and c) mesial views, scale bar = 5 mm. 5.2a-c) 
MSC 43497.3, Isogomphodon sp. upper left anterior tooth in a) lingual, b) labial, and c) distal views, scale bar = 5 mm. 5.3a-c) 
MSC 43497.8, Isogomphodon sp. lower anterior tooth in a) lingual, b) labial, and c) distal views, scale bar = 5 mm. 5.4a-c) MSC 
43497.2, Isogomphodon sp. lateral tooth in a) lingual, b) labial, and c) mesial views, scale bar = 4 mm. 5.5a-e) LSUMG V-22497, 
Mustelus sp. lateral tooth in a) apico-lingual, b) baso-labial, c) distal, d) occlusal, and e) basal views, scale bar = 1 mm. 5.6a-c) 
MSC 43345, Xiphodolamia ensis anterior tooth in a) lingual, b) labial, and c) distal views, scale bar = 1 cm. 5.7a-e) LSUGM 
V-22499, Eoplinthicus yazooensis lateral tooth in a) labial, b) profile, c) lingual, d) occlusal, and e) basal views, scale bar = 2 mm. 
5.8a-b) LSUMG V-7613, Gymnura sp. tooth in a) labial and b) profile views, scale bar = 1 mm.
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Only two Paleogene occurrences of Isogomphodon have 
been previously documented from North America, and 
both are from the Atlantic Coastal Plain. These include 
I. aikenensis Cicimurri & Knight, 2019 from the upper 
Eocene (Priabonian) Dry Branch Formation of South 
Carolina, and I. acuarias (Probst, 1879) from the Oli-
gocene Belgrade Formation of North Carolina (Case, 
1980; Müller, 1999). The Rosefield Formation specimens 
differ from I. aikenensis by the low, straight heels on the 
lateral teeth (Cicimurri & Knight, 2019). The Louisiana 
teeth are similar to those of I. acuarius, and the mate-
rial could be conspecific. However, given the early Oli-
gocene temporal occurrence of the Louisiana taxon, it is 
possible that it represents a new species when compared 
to the Eocene (I. aikenensis) and Miocene (I. acuarias) 
records documented elsewhere. Compared to the Louisi-
ana Oligocene specimens, teeth of another Mio-Pliocene 
species, I. caunellensis Cappetta, 1970, are larger and the 
lateral teeth have incomplete cutting edges. Additional 
specimens will help elucidate the identity and dental 
composition of the Rosefield Formation Isogomphodon 
species.

Family Triakidae Gray, 1851
Genus Mustelus Linck, 1790

Mustelus sp.
Figure 5.5

Material examined – LSUMG V-22497.

Stratigraphic occurrence and age – Yazoo Clay (Tullos 
Member), upper Eocene (Priabonian) (Fig. 1.3).

Locality – Montgomery Landing, east bank of the Red 
River, N-S center line of Sec. 20, T. 8 N, R. 5 W, Grant 
Parish, Louisiana (Fig. 2.3).

Description – The tooth measures 2 mm in mesio-distal 
width and 1.5 mm in total height. In profile view the 
crown is low and has a triangular outline (Fig. 5.5c). The 
labial face is straight apico-basally, and mesio-distally 
it is only slightly convex. The labial crown foot is very 
thick and convex, and it protrudes well beyond the root. 
The enameloid on the labial crown face is generally 
smooth, but there are numerous longitudinal plications 
occurring at the crown foot (Fig. 5.5b). In occlusal view 
the crown is obviously asymmetrical, with the most con-
vex part of the labial margin being located mesially and 
the convex part of the lingual margin occurring at the 
distal side (Fig. 5.5d). There is a robust transverse crest 
connecting the mesial and distal sides of the crown, and 
it is most convex along an indistinct, distally located 
cusp. The lingual crown face is mesio-distally convex, 
particularly at the cusp, and a short and rounded lingual 
uvula occurs below the cusp. Fine longitudinal ridges 
occur along the entire width of the lingual face and ex-
tend to two-thirds of its height (Fig. 5.5a). The root is 

rather low, and bilobate. The lobes are sub-triangular in 
basal outline and separated by a wide but shallow nutri-
tive groove. A large foramen occurs within the groove 
(Fig. 5.5e), and additional smaller foramina are located 
immediately below the crown, where the root is slightly 
constricted.

Remarks – Based on our observations of the dentitions of 
extant Mustelus californicus Gill, 1864 (SC2020.53.10) 
and M. canis (Mitchill, 1815) (SC96.77.8), the crown 
outline and distal location of the cusp indicates that the 
LSUMG V-22497 is from a lateral tooth file. Paleogene 
records of Mustelus are extremely uncommon, with the 
only North American record being that of Parmley & 
Cicimurri (2003), who reported a single tooth from the 
Eocene (Bartonian) Clinchfield Formation of central 
Georgia. Those authors tentatively identified the speci-
men as M. vanderhoefti Herman, 1982, a taxon known 
from the Eocene of Belgium. An additional Eocene spe-
cies, M. whitei Cappetta, 1976, has been reported from 
the lower Eocene (Ypresian) London Clay, and an un-
speciated specimen was reported the middle Eocene of 
Antarctica (Englebrecht et al. 2017). Specimen LSUMG 
V-22497 possesses salient features of Mustelus, and the 
single tooth available to us is more similar to M. vander
hoefti based on its overall size and development of crown 
ornamentation. Specimen LSUMG V-22497 differs 
from M. whitei by having a very reduced lingual uvula 
that is poorly differentiated from the rest of the crown 
foot (Fig. 5.5e). The extent and robustness of the crown 
ornamentation, as well as the relatively low root, ap-
pear to separate the Louisiana specimen from  Mustelus 
sp. teeth from the middle Eocene La Meseta Formation 
of Antarctica (Englebrecht et al. 2017). As the tooth 
morphology and dental arrangement of  Mustelus has 
remained relatively stable since the early Eocene (Ad-
net & Cappetta, 2008; Englebrecht et al. 2017), a larger 
sample of teeth is needed to more accurately identify 
the Louisiana species. However, the tooth represents the 
first fossil occurrence of the genus in the Gulf Coastal 
Plain, and it provides a rare global Paleogene record of 
the genus. 

Order Lamniformes Berg, 1958
Family Xiphodolamiidae Cappetta, 2012
Genus Xiphodolamia Leidy, 1877

Xiphodolamia ensis Leidy, 1877
Figure 5.6

Material examined – MSC 43345.

Stratigraphic occurrence and age – Cane River Forma-
tion, middle Eocene (Lutetian) (Fig. 1.2).

Locality – Cane River site (aka I-49 site), 3 km south of 
Hwy 6 interchange, Sec. 38, T. 8 N, R. 8 W, Natchitoches 
Parish, Louisiana (Fig. 2.2).
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Description – The tooth measures 2.5 cm in total height, 
of which the crown represents 1.7 cm. In labial view the 
crown is highly mesio-distally compressed, and the api-
cal portion has a very slight distal bend (Fig.5.6b). In pro-
file view the crown is labio-lingually broad and sinuous 
(Fig. 5.6c). The lingual crown face is convex, whereas the 
labial face is developed into a smooth and sharp longitu-
dinal cutting edge (Fig. 5.6a). This edge extends from the 
cusp apex to the crown base, where it has a slight distal 
curve and extends onto a very short heel projecting onto 
the root. The mesial and distal crown faces are weakly 
convex and the enameloid is smooth. The root is massive 
and was bilobate (the mesial lobe is damaged), with the 
distal lobe being very short and basally pointed. The lin-
gual root boss is large and the basal attachment surface 
is flat and smooth.

Remarks – Although Xiphodolamia is considered a mem-
ber of the order Lamniformes, the familial placement 
of the taxon is often left unassigned (Adnet et al., 2009; 
Carlsen & Cuny, 2014). However, Glickman (1964) erect-
ed the subfamily Xiphodolamiinae to include the genus, 
and Cappetta (2012) elevated the ranking to the family 
 Xiphodolamiidae. This ranking was maintained by Nel-
son et al. (2016) and is followed herein. MSC 43345 pos-
sesses features that are unique to Xiphodolamia, particu-
larly the teardrop-shaped transverse cross section due to 
the very convex lingual face (Fig. 5.6a) and sharp-edged 
labial face (Fig. 5.6b). Leidy (1877) originally named the 
type species, X. ensis, based on isolated teeth from the 
Eocene of New Jersey, and four other Eocene species have 
been named since that time. However, Cappetta (2006), 
Adnet et al. (2009) and Carlsen & Cuny (2014) have in-
dicated that all but X. serrata Adnet et al., 2009 are con-
specific with X. ensis. Although X. ensis was originally 
described from North America, the taxon was widely 
distributed, as there are numerous accounts from Eocene 
strata of Europe and Asia (Paratethys/Tethys), northern 
Africa (Tethys), and the southern Atlantic Ocean along 
western Africa (see Moreau et al., 2013). 
MSC 43345 is virtually identical to the type specimen of 
X. ensis illustrated by Leidy (1877, pl. 34, figs. 25-27), and 
it differs from X. serrata by having a smooth, rather than 
serrated, cutting edge. Based on Adnet et al.’s (2009) con-
clusions regarding the dentition of this shark, MSC 43345 
is from an anterior file, but we cannot determine if it rep-
resents an upper left or lower right tooth. When compared 
to Europe and Africa, very few occurrences of X. ensis 
have been reported from North America. Maisch et al. 
(2015) noted several specimens from a lag deposit in New 
Jersey that were likely reworked from the Shark River 
Formation. A Shark River Formation source is supported 
by Case & Borodin (2000), who illustrated a specimen 
(pl. 1, fig. 7) from this lithostratigraphic unit. Kent (1994) 
noted that X. ensis occurs in the lower Eocene (Ypresian) 
Nanjemoy Formation of the Cheseapeake Bay region, but 
the species was not documented from the Potapaco Mem-
ber of the Nanjemoy Formation of Virginia (Kent, 1999). 
Case & Borodin (2000) reported ablated teeth from the 
middle Eocene Castle Hayne Formation of North Caro-

lina. MSC 43345 is the first documented occurrence of X. 
ensis within the Gulf Coastal Plain (Eocene Mississippi 
Embayment) of the USA.

Division Batomorphi Cappetta, 1980
Order Myliobatiformes Compagno, 1973
Suborder Myliobatoidei Compagno, 1973
Family Myliobatidae Bonaparte, 1835
Subfamily Mobulinae Gill, 1893
Genus Eoplinthicus Cappetta & Stringer, 2002

Eoplinthicus yazooensis Cappetta & Stringer, 2002
Figure 5.7

Material examined – LSUGM V-22499. 

Stratigraphic occurrence and age – Yazoo Clay (Tullos 
Member), upper Eocene (Priabonian) (Fig. 1.3).

Locality – Montgomery Landing, east bank of the Red 
River, N-S center line of Sec. 20, T. 8 N, R. 5 W, Grant 
Parish, Louisiana. (Fig. 2.3).

Description – The tooth crown measures 5 mm in mesio-
distal width, and in occlusal view it is slightly wider than 
long. In occlusal view the crown is six-sided, with rather 
straight margins and sharp angles (Fig. 5.7d). The lateral 
angles are approximately 90˚ and located medially. The 
area of the occlusal surface is conspicuously smaller than 
that of the crown base. The occlusal surface is weakly 
concave with three deep furrows connecting the labial 
and lingual margins. In profile (Fig. 5.7b) and labial (Fig. 
5.7a) views the crown is rather low. The mesial, distal, 
and labial crown faces are oblique, sloping away from the 
occlusal margin. In contrast, the lingual face is inclined 
so that it slopes toward the labial face. All of the crown 
margins bear very coarse, irregular longitudinal ridges 
extending from the apex nearly to the crown foot. The 
labial crown foot is thick and rounded, and the lingual 
crown foot forms a lingually directed shelf-like projec-
tion (Fig. 5.7c). The crown overhangs the root on all sides, 
especially labially. The root is low, polyaulocorhize, 
and subdivided into several lamellae by wide nutritive 
grooves (Fig. 5.7e).

Remarks – Eoplinthicus yazooensis was first described 
from the Tullos Member of the Yazoo Clay at the Co-
penhagen locality in Caldwell Parish, LA (Cappetta & 
Stringer, 2002), and the species was recently reported 
from the middle Eocene (Bartonian) Gosport Sand of 
Alabama (Ebersole et al., 2019). Specimen LSUGM 
V-22499 is characteristic of Eoplinthicus by having a 
relatively low crown with an occlusal outline that is sig-
nificantly smaller than the basal outline. As the speci-
men is only twice as wide as it is long, which is much 
narrower than previously reported specimens, we believe 
that it represents a lateral file as opposed to a symphyseal 
file. Only three E. yazooensis teeth have been previously 
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reported (see Cappetta & Stringer, 2002; Ebersole et al., 
2019), and LSUGM V-22499 represents the first lateral 
tooth morphology of this species to be described.
The available specimens indicate that the E. yazooensis 
dentition consisted of a symphyseal file and multiple lat-
eral files. The teeth were alternating, with the lateral an-
gles of a tooth fitting into angular recesses formed by the 
margino-lingual and margino-labial faces of teeth in the 
preceding/succeeding files. Additionally, the inclined la-
bial crown face abutted tightly against the lingual crown 
face of the preceding tooth, with the labial crown foot 
fitting into a transverse lingual furrow and at the same 
time overlapping a shelf-like ridge at the lingual crown 
foot. Heavy ornament on the crown faces served as verti-
cally oriented tongue-and-groove joints to tightly inter-
lock teeth. 
The features noted above serve to distinguish Eoplinthi
cus from the potentially co-occurring Burnhamia Cap-
petta, 1976 (Ebersole et al., 2019). Although several other 
late Eocene mobulid genera have been named, these 
will not be confused with Eoplinthicus. However, teeth 
of some post-Eocene mobulid genera, like Plinthicus 
Cope, 1869, are similar to Eoplinthicus. The crown of the 
Oligo-Pliocene taxon is much higher and labio-lingually 
thinner, and the occlusal outline is roughly equal to the 
basal outline when compared to Eoplinthicus (Purdy et 
al., 2001; Cicimurri & Knight, 2009). Additionally, the 
middle Oligocene taxon Argoubia arnoldmülleri Leder, 
2015 differs from LSUMG V-7510 by having a convex 
labial face that is smooth basally, a smooth lingual face, 
and a large, flat occlusal surface that is denticulated along 
the lingual margin. Although Stringer et al. (2001) listed 
Eoplinthicus as one of the species recovered from the 
Rosefield Formation (Oligocene, Rupelian), that material 
is more likely Plinthicus or possibly “Mobula” fragilis 
(Cappetta, 1970). 

Family Gymnuridae Fowler, 1934
Genus Gymnura van Hasselt, 1823

Gymnura sp.
Figure 5.8

Material examined – LSUMG V-7613.

Stratigraphic occurrence and age – Yazoo Clay (Tullos 
Member), upper Eocene (Priabonian) (Fig. 1.3).

Locality – Montgomery Landing, east bank of the Red 
River, N-S center line of Sec. 20, T. 8 N, R. 5 W, Grant 
Parish, Louisiana. (Fig. 2.3).

Description – The root of the specimen is not preserved, 
but the crown measures 1 mm in height and 1 mm in 
width. In profile and labial views the crown has a triangu-
lar outline, although the apex is lingually hooked as seen 
in profile. The labial face is deeply concave but rather 
small, framed by lateral crests that occur on distinctive 

labially directed projections (Fig. 5.8a). The lingual face 
is very convex mesio-distally but concave apico-basally 
(Fig. 5.8b). The crown enamleoid is smooth. The crown 
overhangs the root on all sides, particularly on the labial 
side. 

Remarks – Manning & Standhardt (1986) identified a 
tooth, LSUMG V-1818, as belonging to a male individual 
of their “Dasyatis sp. B”. Although LSUMG V-1818 was 
not located during our study, comparison of the illus-
trations provided by Manning & Standhardt (1986: fig. 
4-3) to LSUMG V-7613 show that they are conspecific, 
and both are identified herein as Gymnura sp. Teeth of 
Gymnura sp. are easily distinguished from those of male 
Dasyatis spp. by having a very concave labial crown foot 
when viewed apically. In contrast, Dasyatis spp. male 
teeth have a straight to convex crown foot. Additionally, 
the transverse crest of male Dasyatis spp. teeth divides 
the crown into roughly equal labial and lingual parts (in 
profile view), but the labial face of Gymnura sp. is not 
visible in profile. Instead, only the lingual face of Gym
nura sp. is visible, and the transverse crest is located 
on the labially projecting mesial and distal sides of the 
crown. 
Specimens LSUMG V-1818 and LSUMG V-7613 may 
be confused with male teeth of another member of the 
Gymnuridae, Jacquhermania duponti Cappetta, 1982. 
This latter taxon is known from older Claibornian strata 
of Alabama (Ebersole et al., 2019), and male anterior 
teeth differ from those of the Yazoo Clay Gymnura sp. 
by having an erect apex as opposed to being lingually 
curved. The lateral teeth of J. duponti differ from the 
Gymnura sp. teeth by having a less concave labial face, 
and wider but shorter labially directed crown projections 
(Cappetta, 1982; Ebersole et al., 2019). Teeth of middle-
to-late Eocene Pachygymnura Adnet et al., 2020, a taxon 
tentatively allied with Gymnuridae, lack a deeply convex 
labial face and labially expanded lateral projections, and 
the root base is nearly equal in area to that of the crown 
base. 
Although only represented by two teeth, the Yazoo Clay 
(Priabonian) Gymnura sp. teeth appear to differ from 
Ypresian G. grootaerti Herman, 1984 by being larger in 
overall size, having a less distinctive cusp, and having 
a labial face that is concave along its entire apico-basal 
height. Additionally, the two teeth differ from the early 
Oligocene (Rupelian) G. hovestadti Herman, 1984 by 
having a uniformly convex (as opposed to squared) lin-
gual crown foot, and the labial crown protuberances are 
shorter. The Yazoo Clay teeth also differ from the only 
other North American record of Gymnura sp., from the 
late Oligocene (Chattian) of South Carolina (Cicimurri 
& Knight, 2009), as well as Gymnura cf. altavela (Lin-
naeus, 1758) from Germany (Reinecke, 2015), by having 
a shorter cusp and less concave labial face due to much 
shorter lateral crown projections. Other Gymnura sp. 
specimens from the Tullos Member of the Yazoo Clay 
are needed to accurately identify the species. Manning 
& Standhardt (1986) implied that additional teeth of their 
Dasyatis sp. B had been collected, but we do not know 
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if these represent Gymnura sp. or an actual dasyatid ray. 
The two teeth we have identified are the only representa-
tives of Gymnura sp. thus far known from the Eocene 
Mississippi Embayment. A specimen assigned to Gym
nura sp. from the middle Eocene (Lutetian) of Alabama 
(Clayton et al., 2013) is more appropriately identified as a 
male J. duponti tooth (Ebersole et al., 2019).

Discussion

The discovery of the shark and ray teeth described above 
came as a surprise to us, given the fact that very few 
records of the taxa represented are known from Paleo-
gene deposits of North America. Their presence demon-
strates that more work remains to be done to adequately 
document the fossil elasmobranch paleofaunas occur-
ring in Louisiana and within the Gulf Coastal Plain of 
the USA in general. These new records are important 
because they improve our knowledge of the paleobiogeo-
graphic distributions of the taxa, and they allow us to 
render further interpretations of the paleoenvironment 
represented by the fossiliferous strata and the paleo-
ecologies they preserve.  
The Carcharhinus teeth from the Cook Mountain Forma-
tion of Louisiana represent a new species, C. tingae, a 
taxon that is somewhat similar to other Bartonian species 
occurring in the USA, Jamaica, and the Tethyan/Para-
tethyan realms. The new species is thus far only known 
from Louisiana; no evidence of C. tingae n. sp. was de-
tected among a sample of roughly 12,000 fish teeth re-
covered from the Lutetian-Bartonian Lisbon Formation 
and Bartonian Gosport Sand of southwestern Alabama 
(Ebersole et al., 2019), and it is unknown from elasmo-
branch paleofaunas of the Moodys Branch Formation 
(Westgate, 1984; Manning & Standhardt, 1986). The 
heavily serrated, cuspidate teeth served a cutting-clutch-
ing function (sensu Cappetta, 2012), and the dentition ap-
pears to have been very similar to that of extant requiem 
sharks like Carcharhinus dussumieri (Valenciennes in 
Müller & Henle, 1841), C. porosus (Ranzani, 1840), C. 
sealei (Pietschmann, 1913), C. sorrah (Valenciennes in 
Müller & Henle, 1841), and C. wheeleri Garrick, 1982. 
These sharks are primarily piscivorous but also feed on 
cephalopods and crustaceans (Cortés, 1999; Last & Ste-
vens, 2009; Voigt & Weber, 2011), and the similarity of 
the teeth among these species indicates that C. tingae n. 
sp. may have had a comparable diet. 
All 87 of the C. tingae n. sp. teeth available to us were 
collected from the same locality, the B.F. Smith quarry 
in Bossier Parish, LA. Although the geologic exposures 
at this locality have not been documented in the scientific 
literature, museum records associated with the speci-
mens (on file at LSUGM) indicate that the exposures at 
the quarry all belong to the middle Eocene (Bartonian 
Stage) Cook Mountain Formation. Our correspondence 
with one of the collectors (Dr A.B. McPherson) revealed 
that the specimens were derived from a reddish-brown 
ironstone like those reported by Zumwalt et al. (1995) 
from elsewhere in the state. Based on the invertebrate 

faunas they examined, Zumwalt et al. (1995) concluded 
that the beds underlying ironstone represented a storm 
deposit, whereas the overlying bed formed in a marginal 
marine setting with fluvial influence, and they interpret-
ed an overall deepening-upward trend within the Cook 
Mountain Formation in northern Louisiana. Within the 
context of the Cook Mountain Formation, Zumwalt et 
al.’s (1995) study appears to have been focused on the up-
per three members of the formation, none of which have 
been formally named. The ironstone noted by Zumwalt 
et al. (1995) appears to be included within the “Middle 
Sand” member as shown by De Hon et al. (2001: fig. 2), 
and these authors concluded that Cook Mountain Forma-
tion ironstones represent estuarine or prodelta environ-
ments. 
The C. tingae n. sp. teeth are stratigraphically young-
er than the type specimen of the protocetid whale 
 Natchitochia Uhen, 1998, which was purportedly recov-
ered from the Milams Member of the Cook Mountain 
Formation. This lithostratigraphic unit was deposited 
during the time interval represented by planktonic fo-
raminiferal Zone P13, which is within the lower part of 
Zone NP17 (Uhen, 1998, Albright et al., 2019). Dolin & 
Dockery (2018) correlated the Cook Mountain Formation 
(of Texas, Louisiana, and Mississippi) with the “upper” 
Lisbon Formation of Alabama. Thus, C. tingae may be 
stratigraphically equivalent to C. mancinae specimens in 
the “upper” Lisbon Formation, but stratigraphically sep-
arated from (= older than) specimens occurring within 
the Gosport Sand (Ebersole et al., 2019).
Paleogene daggernose sharks (Isogomphodon spp.) are 
known from relatively few localities in North America. 
The taxon became geographically widely distributed 
during the Oligo-Miocene, but only a single highly en-
demic species survives today. The examined specimens 
were collected during a study conducted by Stringer et al. 
(2001), who recovered both vertebrate and invertebrate 
fossils from the lower and upper parts of the Rosefield 
Formation. These authors concluded that the Rosefield 
Formation was part of a deepening upward sequence, 
with the lower part accumulating under subtropical con-
ditions within a deep inner-shelf environment (up to 
20 m depth), and the upper part representing a central 
middle-shelf environment up to 50 m deep. Interestingly, 
the extant species inhabits very nearshore marine, turbid 
environments, and there is evidence that extinct species 
preferred a similar habitat (Lessa et al., 1999; Cicimurri 
& Knight, 2019). These conclusions are corroborated 
by our correspondence with one of the collectors (G.L. 
Stringer), who indicated that the specimens were re-
covered from the lower, shallower part of the Rosefield 
Formation. The Isogomphodon dentition is of the tearing 
type (sensu Cappetta, 2012) and used to acquire small 
bony fishes (Compagno, 1984). Based on the study of the 
teleost taxa occurring within the Rosefield Formation 
(Stringer et al., 2001), a variety of benthic bony fish could 
have been food sources for this shark.
Although Paleogene records of Mustelus sp. are very 
uncommon, the genus was widely distributed during 
the Eocene (Cappetta, 1976; Herman, 1982; Parmley & 
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Cicimurri, 2003; Englebrecht et al., 2017). The Louisi-
ana specimen we identified represents only the second 
Eocene occurrence of a fossil Mustelus in North Ameri-
ca and is the first from the Gulf Coastal Plain. As denti-
tions of extant species are of the crushing type (sensu 
Cappetta, 2012), and the gross morphology of the fossil 
tooth compares favorably to those of extant species, we 
presume that the diet of the extinct taxon was similar 
and consisted largely of crustaceans and other inverte-
brate species (Cortés, 1999). The lithology of the Tullos 
Member of the Yazoo Clay varies throughout its vertical 
thickness, which Manning & Standhardt (1986) conclud-
ed represented minor sea level fluctuations. They stated 
that the deeper water units formed in middle shelf-depth 
environments between 30 m and 100 m deep, whereas 
shallower deposits accumulated at inner shelf depths of 
20 m to 30 m. These estimates are supported by Fierstine 
& Stringer (2007), who reported that the lower part of 
the Tullos Member accumulated within a tropical to sub-
tropical inner shelf-depth environment (<30 m depth), 
whereas the upper part was deposited within the mid-
dle shelf at a depth between 20 m and 100 m. Nolf & 
Stringer (2003) concluded that their teleost paleofauna 
represented a subtropical to tropical, middle shelf envi-
ronment of no more than 50 m depth. These shallow-
water interpretations largely correlate to habitat pref-
erences of extant Mustelus species (Compagno, 1984). 
Additionally, present-day species are highly endemic, 
suggesting it is unlikely that the Louisiana taxon is con-
specific with species previously described from outside 
of North America. 
Xiphodolamia ensis was geographically widely distribut-
ed during the Eocene (Moreau et al., 2013), but relatively 
few North American occurrences have been document-
ed. Aside from four records along the Atlantic Coast-
al Plain of the USA (Leidy, 1877; Kent, 1994; Case & 
Borodin, 2000; Maisch et al., 2015), the single specimen 
from  Louisiana represents the only record from the Gulf 
Coastal Plain (Eocene Mississippi Embayment) and it ex-
tends the paleobiogeographic range of the taxon approxi-
mately 1,600 km to the West from the nearest occurrence. 
The dentition of this extinct shark was highly unusual 
but of a tearing type (sensu Cappetta, 2012), somewhat 
similar to that of present-day Isurus Rafinesque, 1810, 
which have a diet consisting almost exclusively of pe-
lagic teleosts (Wood et al., 2009). Occurrences from 
elsewhere indicate that X. ensis was a pelagic species 
that inhabited open-ocean, possibly deep-water, environ-
ments (Cappetta, 1976; Adnet et al., 2009; Eeckhaut & 
De Schutter, 2009; Diedrich, 2012). Stringer & Breard 
(1997) and Stringer (2002) have postulated that the Cane 
River Formation represents an offshore but shallow-water 
patch reef environment, where water depth was between 
20 m and 50 m and climatic conditions were subtropical 
to tropical.
Eoplinthicus yazooensis and Gymnura sp. are the most 
interesting batoid taxa occurring in the samples we ex-
amined. The Eoplinthicus tooth represents a previously 
unknown lateral morphology for this late Eocene spe-
cies. Although the two species of Eoplinthicus that have 

been described demonstrate a wide paleobiogeographic 
distribution for the genus (Cappetta & Stringer, 2002; 
Adnet et al., 2015), E. yazooensis thus far appears to 
have been restricted to the Eocene Mississippi Embay-
ment. However, its temporal and geographic range with-
in this region was recently expanded by Ebersole et al. 
(2019), who documented a Bartonian (middle Eocene) 
occurrence within the Gosport Sand of Alabama. De-
pending on which horizon within the Tullos Member 
the Eoplinthicus specimens were derived, the unit rep-
resents either an inner neritic (<30 m deep) subtropical 
to tropical environment, or a middle neritic environment 
with a water depth of approximately 50 m (Manning & 
Standhardt, 1986; Nolf & Stringer, 2003; Fierstine & 
Stringer, 2007). Although Cappetta (2012) considered 
the dentition of Eoplinthicus spp. to be a grinding type, 
the taxon is believed to have been a filter-feeding species 
based on the lack of heavy wear on the teeth (Cappetta, 
2012; Adnet et al., 2015).
The fossil record of Gymnura spp. in North America is 
very poorly known. The genus is documented from the 
Gulf Coastal Plain fossil record for the first time by two 
teeth occurring in the Priabonian Tullos Member of the 
Yazoo Clay of Louisiana. Based on the close similarity to 
the teeth of extant butterfly rays, the extinct species had 
a clutching dentition (sensu Cappetta, 2012) and likely 
predominantly consumed teleost prey, along with inver-
tebrates like crustaceans and mollusks (i.e., Jacobsen et 
al., 2010; Yakota et al., 2013; Menon et al., 2020). Previ-
ous interpretations of the depositional environment of the 
Tullos Member of the Yazoo Clay differ slightly. Nolf & 
Stringer (2003) utilized various teleost taxa they identi-
fied to determine that their fossiliferous unit represented 
a subtropical to tropical, normal salinity environment, 
where water depth was less than 50 m and the sea floor 
was soft and muddy. Manning & Standhardt (1986) indi-
cated that strata yielding Gymnura sp. were deposited in 
clear water up to 30 m deep, and the substrate was rather 
coarse-grained.  

Conclusions

A new species of Carcharhinus, C. tingae, was identi-
fied from the middle Eocene (Bartonian) Cook Mountain 
Formation of Bossier Parish, Louisiana. This species may 
have been endemic within the Bartonian Mississippi Em-
bayment, as it is currently unknown from contemporane-
ous strata occurring elsewhere within that region. Several 
teeth of Isogomphodon sp. from the Rosefield Formation 
(Oligocene, Rupelian) in Catahoula Parish represent the 
first record of the genus in the Mississippi Embayment, 
and are only the third record of the taxon from North 
America. A tooth of Mustelus sp. from the Tullos Mem-
ber of the Yazoo Clay (upper Eocene, Pria bonian) in 
Grant Parish is the only known occurrence of the taxon 
from the Gulf Coastal Plain of the USA, and represents 
the second Paleogene record in North America. A tooth 
of Xiphodolamia ensis from the middle Eocene (Lutet-
ian) Cane River Formation of Natchitoches Parish is the 
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first record of the taxon in the Mississippi Embayment of 
the USA and one of the few records of the taxon in North 
America. A tooth of Eoplinthicus yazooensis from the 
Tullos Member (Yazoo Clay) is only the fourth specimen 
of this species to be identified and is the first lateral tooth 
morphology to be described. Gymnura sp. is recognized 
for the first time within Paleogene Gulf Coastal Plain 
strata based on two teeth from the Tullos Member of the 
Yazoo Clay. These fossils clearly demonstrate that more 
work remains to be done to document elasmobranch 
paleo faunas not just of Louisiana, but within the entirety 
of the Gulf Coastal Plain of the USA. 

Acknowledgements

We thank Dr S.D. Ting and L. Smith for arranging access 
to specimens in their care at LSUMG, for processing a 
loan of the specimens to J.A.E., and for their assistance 
with obtaining specimen records and additional catalog 
numbers for the material. Dr G.L. Stringer (University of 
Louisiana, Monroe) graciously donated to MSC a portion 
of his personal reference collection of Eocene and Oli-
gocene fossils from Louisiana, which we utilized as part 
of our study, and he provided valuable discussion on the 
stratigraphic origin of the specimens. Dr A.B. McPher-
son helped to collect the Cook Mountain Formation C. 
tingae n. sp. fossils described herein, and he graciously 
shared his personal recollections of the site and specimen 
recovery with us. The editorial suggestions provided by 
S. Adnet (Université de Montpellier) and J. Starnes (Mis-
sissippi Department of Environmental Quality) are great-
ly appreciated, as they helped improve an earlier version 
of this manuscript. We also wish to thank H. Raven for 
his time and effort in shepherding this article through the 
publication process. Lastly, we mourn the loss of Arie W. 
Janssen - his decades of dedication to fostering the dis-
semination of knowledge, through Cainozoic Research 
(and its predecessors), cannot be overstated. 

References

Adnet, S. & H. Cappetta. 2008. New fossil triakid sharks form 
the Early Eocene of Prémontré, France, and comments on 
the fossil record of the family. Acta Palaeontologica Po
lonica 53(3): 433-448.

Adnet, S., Cappetta, H., Guinot, G. & Notabartolo di Sciara, G. 
2015. Evolutionary history of the devilrays ( Chondrichthyes: 
Myliobatiformes) from fossil and morphological evidence. 
Zoological Journal of the Linnean Society 166(1): 132-159.

Adnet, S., Hosseinzadeh, R, Antunes, M.T., Balbino, A.C., 
Koz lov, V.A. & Cappetta, H. 2009. Review of the enigmatic 
Eocene shark genus Xiphodolamia (Chondrichthyes, Lam-
niformes) and description of a new species recovered from 
Angola, Iran and Jordan. Journal of African Earth Sciences 
55(3-4): 197-204. doi.org/10.1016/j.jafrearsci.2009.04.005.

Adnet, S., Antoine, P.-O., Baqri, S.R.H., Crochet, J.-Y., Mari-
vaux, L., Welcomme, J.-L. & Métais, G. 2007. New tropical 
carcharhinids (Chondrichthyes, Carcharhiniformes) from 

the late Eocene-early Oligocene of Balochistan, Pakistan. 
Paleoenvironmental and paleogeographical implications. 
Journal of Asian Earth Sciences 30: 303-323. 

Adnet, S., Marivaux, L., Cappetta, H., Charruault, A.-L., Es-
sid, E.M., Jiquel, S., Ammar, H.K., Marandat, B., Marzou-
gui, W., Merzeraud, G., Temani, R., Vianey-Liaud, M. & 
Tabuce, R. 2020. Diversity and renewal of tropical elas-
mobranchs around the Middle Eocene Climatic Optimum 
(MECO) in North Africa: New data from the lagoonal de-
posits of Djebel el Kebar, Central Tunisia. Palaeontograph
ica Electronica 23(2): a38. doi.org/10.26879/1085.

Albright, L.B., III, Sanders, A.E., Weems, R.E., Cicimurri, D.J. 
& Knight, J.L. 2019. Cenozoic vertebrate biostratigraphy of 
South Carolina, U.S.A., and additions to the fauna. Bulletin 
of the Florida Museum of Natural History 57(2): 77-236.

Arambourg, C. 1952. Les vertébrés fossils des gisements de 
phosphates (Maroc-Algérie-Tunisie). Notes et Mémoires du 
Service Géologique du Maroc 92: 1-372. 

Arata, A.A. 1964. Fossil vertebrates from Avery Island. In: 
Gagliano, S.M. (ed.), An archaeological survey of Avery 
Island. (Louisiana State University, Avery Island Inc. and 
Coastal Studies Institute, Baton Rouge): 69-72.

Berg, L.S. 1958. System der Rezenten und Fossilen Fischar
tigen und Fische. (Hochschulbucher fur Biologie, Berlin, 
Germany): 310 p.

Blainville, H.M.D. de. 1816. Prodrome d’une nouvelle distribu-
tion systématique du règne animal. Bulletin des Sciences, 
par la Société Philomatique de Paris 8: 105-124.

Bonaparte, C.L. .1835. Prodromus systematis ichthyologiae. 
Nuovi Annali delle Scienze Naturali Bologna (Ser. 1) 2(4), 
181-196, 272-277.

Bonaparte, C.L. 1838. Selachorum tabula analytica. Nuovi An
nali delle Scienze Naturali 2:195-214.

Breard, S.Q., Jr. 1978. Macrofaunal ecology, climate, and bio-
geography of the Jackson Group in Mississippi. Unpub-
lished M.S. thesis, University of Louisiana at Monroe. 

Cappetta, H. 1970. Les sélaciens du Miocène de la région de 
Montpellier. Palaeovertebrata, Memoires Extraordinaire 
1970: 1-139.

Cappetta, H. 1976. Sélaciens nouveaux du London Clay de 
l’Essex (Yprésien du Bassin de Londres). Géobios 9(5): 
551-575. doi.org/10.1016/S0016-6995(76)80024-1.

Cappetta, H. 1980. Modification du statut générique de 
quelques espèces de sélaciens crétacés et tertiaires. Palaeo
vertebrata 10 (1): 29-42.

Cappetta, H. 1982. Revision de Cestracion dupointi Winkler, 
1874 (Selachii, Batomorphii) du Bruxellien de Woluwe-
Saint-Lambert (Eocene Moyen de Belgique). Mededeling
en van de Werkgroep voor Tertiaire en Kwartaire Geologie 
19(4): 113-125.

Cappetta, H. 2006. Fossilium Catalogus I: Animalia. Elas
mobranchii PostTriadici (Index specierum et generum). 
(Backhuys Publishers, Leiden, The Netherlands): 472 p.

Cappetta, H. 2012. Chondrichthyes. Mesozoic and Cenozoic 
Elasmobranchii: Teeth. In: Schultze, H.-P. (ed.). Handbook 
of Palaeoichthyology 3E: 1–512. 

Cappetta, H. & Stringer, G.L 2002. A new batoid genus (Neo-
selachii: Myliobatiformes) from the Yazoo Clay (Upper 
Eocene) of Louisiana, U.S.A. Tertiary Research 21(1–4): 
51–56.



162    Cicimurri & Ebersole. New Paleogene elasmobranch records from the Gulf Coastal Plain of the United States

Carlsen, A.W. & Cuny, G. 2014. A study of the sharks and rays 
from the Lillebælt Clay (Early-Middle Eocene) of Den-
mark, and their palaeoecology. Bulletin of the Geological 
Society of Denmark 62: 39-88.

Case, G.R. 1980. A selachian fauna from the Trent Formation, 
Lower Miocene (Aquitanian) of eastern North Carolina. 
Palaeontographica Abteilung A 171(1-3): 75-103.

Case, G.R. & Borodin, P.D. 2000. A middle Eocene selachi-
an fauna from the Castle Hayne Limestone Formation of 
 Duplin County, North Carolina. Münchner Geowissen
schafliche Abhandlungen 39: 17-34.

Cicimurri, D.J. & Knight, J.L. 2009. Late Oligocene sharks 
and rays from the Chandler Bridge Formation, Dorchester 
County, South Carolina, USA. Acta Palaeontologica Po
lonica 54(4): 627-647.

Cicimurri, D.J. & Knight, J.L. 2019. Late Eocene (Priabonian) 
elasmobranchs from the Dry Branch Formation (Barnwell 
Group) of Aiken County, South Carolina, USA. PaleoBios 
36: 1-31.

Clayton, A.A., Ciampaglio, C.N. & Cicimurri, D.J. 2013. An 
inquiry into the stratigraphic occurrence of a Claibornian 
(Eocene) vertebrate fauna from Covington County, Ala-
bama. Bulletin of the Alabama Museum of Natural History 
31(2): 60-73.

Compagno, L.J.V. 1973. Interrelationships of living elasmo-
branchs. Zoological Journal of the Linnean Society 53: 15-
61.

Compagno, L.J.V. 1977. Phyletic relationships of living sharks 
and rays. American Zoologist 17: 303-322.

Compagno, L.J.V. 1984. Sharks of the World. An Annotated 
and Illustrated Catalogue of Shark Species Known to Date. 
Part 2: Carcharhiniformes. FAO Fisheries Synopsis 125(4): 
251-655. 

Cope, E.D. 1869. Descriptions of some extinct fishes previously 
unknown. Proceedings of the Boston Society of Natural 
History 12: 310-317.

Cortés, E. 1999. Standardized diet compositions and trophic 
levels of sharks. ICES Journal of Marine Science 56(5): 
707-717.

Dames, V.W. 1883. Über eine tertiäre Wirbelthierfauna von der 
westlichen Insel des Birket-el-Qurun im Fajum (Aegyp-
ten). Spitzungsber der Bayerische Akademie der Wissen
schaften 6: 129-153.

De Hon, R.E., Washington, P.A, Glawe, L.N., Young, L.M. & 
Morehead, E.A. 2001. Formation of northern Louisiana 
ironstones. Gulf Coast Association of Geological Societies 
Transactions, 51: 55-61.

Diedrich, C.G. 2012. Eocene (Lutetian) shark-rich coastal 
 paleoenvironments of the southern North Sea Basin in 
Europe: biodiversity of the marine Fürstenau Formation 
including early white and megatooth sharks. International 
Journal of Oceanography 2012: 1-22.

Dolin, L. & Dockery, D.T., III. 2018. The Cypreidae and Ovul-
idae (Mollusca; Caenogastropoda) from the Cook Moun-
tain Formation (Bartonian, Middle Eocene) of the Gulf 
Coastal Plain, southern United States: a province of unsus-
pected generic origins. Southeastern Geology 53(1): 41-61.

Domning, D.P. 1969. A list, bibliography and index of the fossil 
vertebrates of Louisiana and Mississippi. Gulf Coast Asso
ciation of Geological Societies, Transactions 19: 385-422.

Ebersole, J.A., Cicimurri, D.J. & Stringer, G.L. (2019) Tax-
onomy and biostratigraphy of the elasmobranchs and bony 
fishes (Chondrichthyes and Osteichthyes) of the lower-to-
middle Eocene (Ypresian to Bartonian) Claiborne Group 
in Alabama, USA, including an analysis of otoliths. Eu
ropean Journal of Taxonomy 585: 1-274. doi.org/ 10.5852/
ejt.2019.585

Eeckhaut, G. & De Schutter, P. 2009. The elasmobranch fauna 
of the Lede Sand Formation of Oosterzele (Lutetian, Mid-
dle Eocene of Belgium). Palaeofocus 1: 1-57.

Englebrecht, A., Mors, T., Reguero, M.A. & Kriwet, J. 2017. 
New carcharhiniform sharks (Chondrichthyes, Elasmo-
branchii) from the early and middle Eocene of Seymore 
Island, Antarctic Peninsula. Journal of Vertebrate Paleon
tology, e1371724. doi.org/10.1080/02724634.2017.1371724.

Fierstine, H.L & Stringer, G.L..2007. Specimens of the billfish 
Xiphiorhynchus van Beneden, 1871, from the Yazoo Clay 
Formation (Late Eocene), Louisiana. Journal of Vertebrate 
Paleontology 27(1): 226-231. doi.org/10.1671/0270=4634(2
007)27[226:SOTBXV]2.0.CO;2

Fowler, H.W. 1934. Fishes of Oceania. Supplement 2. Memoires 
of the Bernice P. Bishop Museum 11(6): 385-466.

Garrick, J.A.F. 1982. Sharks of the Genus Carcharhinus. NOAA 
Technical Report, National Marine Fisheries Service Cir
cular 445: 1-194. 

Gill, T.N. 1862. Analytical synopsis of the order Squali, and a 
revision of the nomenclature of the genera. Annals of the 
Lyceum of Natural History of New York 7: 371-408. doi.
org/10.1111/j.1749-6632.1862.tb00166.x.

Gill, T.N. 1864. Second Contribution to the Selachology of Cal-
ifornia. Proceedings of the Academy of Natural Sciences of 
Philadelphia 16: 147-151.

Gill, T.N. 1893. Families and subfamilies of fishes. Memoirs of 
the National Academy of Science 6(6), 127-138.

Glenk, R. 1934. Handbook and guide to the Louisiana State 
Museum. Louisiana State Museum, Baton Rouge. 400 pp.

Glikman, L.S. 1964. Class Chondrichthyes, Subclass Elasmo-
branchii, (in Russian). In: Obruchev, D.V. (Ed.), Fundamen-
tals of Paleontology, Vol. 11. Nauka SSSR, Moscow–Len-
ingrad: 196–237 (english translation 1967: 292–352. Israel 
Program for Scientific Translations, Jerusalem).

Gray, J.E. 1851. List of the specimens of fish in the collection 
of the British Museum. Part 1. Chondropterygii. (British 
Museum, Natural History): 160 p.

Hasselt, J.C. van. 1823. Uittreksel uit een brief van Dr. J.C. van 
Hasselt aan den Heer C.J. Temminck. Algemeene Konst en 
LetterBode 1(20): 315-317.

Hay, O.P. 1902. Bibliography and catalogue of the fossil verte-
brata of North America. United States Geological Survey 
Bulletin 179: 1-868.

Herman, J. 1982. Additions to the Eocene fish fauna of Bel-
gium. 5. The discovery of Mustelus teeth in the Ypresian, 
Paniselian and Wemmelian strata. Tertiary Research 3(4): 
189-193.

Herman, J. 1984. Additions to the Eocene (and Oligocene) fau-
na of Belgium. 7. Discovery of Gymnura teeth in Ypresian, 
Paniselian and Rupelian strata. Tertiary Research 6(2): 47-
54.

Hopkins, F.V. 1870. First report of the Louisiana State Geologi-
cal Survey, 1869. In Annual Report of the Board of Super-



 Cainozoic Research, 21(2), pp. 147-164, December 2021    163

visors of the Louisiana State Seminary of Learning and 
Military Academy for the Year Ending December 31, 1869. 
Session of 1870. (A.L. Lee, State Printer, New Orleans): pp. 
77-109.

Huxley, T.H. 1880. On the application of the laws of evolution 
to the arrangement of the Vertebrata, and more particularly 
of the Mammalia. Proceedings of the Zoological Society of 
London 43: 649-662.

Jacobsen, I.P., Johnson, J.W. & Bennett, M.B. 2010. Diet and 
reproduction in the Australian butterfly ray Gymnura aus
tralis from northern and north-eastern Australia. Journal 
of Fish Biology 75(10): 2464-2474. doi.org/10.1111/j.1095-
8649.2009.02432.x 

Johnston, J.E., III, Heinrich, P.V., Lovelace, J.K., McCulloh, 
R.P. & Zimmerman, R.K. 2000. Stratigraphic Charts of 
Louisiana. Louisiana Geological Survey Folio Series No. 8.

Jordan, D.S. & Evermann, W. 1896. The fishes of North and 
Middle America. Bulletin of the United States National 
Museum 47: 1-1240.

Kent, B. 1994. Fossil sharks of the Chesapeake Bay region. 
(Egan Rees and Boyer, Inc., Columbia, Maryland): 146 p.

Kent, B. 1999. Sharks from the Fisher/Sullivan Site. In: Weems, 
R. & Grimsley, G. (eds.). Early Eocene vertebrates and 
plants from the Fisher/Sullivan Site (Nanjemoy Formation), 
Stafford County, Virginia. Virginia Division of Mineral Re
sources Publication 152: 11-37.

Lancaster, W. 1982. Chondrichthyes. In: Paleontological In-
vestigations in the Vicinity of Montgomery Landing, Red 
River Waterway, Volume 2. Draft report Department of the 
Army Corps of Engineers, New Orleans District, DACW 
29-79-C-0282, 4K1-4K6.

Lancaster, W. 1986. The taphonomy of an archaeocete skeleton 
and it associated fauna. In: Schiebout, J.A. & van den Bold, 
W. (eds.). Montgomery Landing Site, Marine Eocene (Jack-
son) of central Louisiana. Proceedings of a Symposium 
1986 Annual Meeting Baton Rouge, Louisiana. Gulf Coast 
Association of Geological Sciences, 119-132.

Last, P.R. & Stevens, J.D. 2009. Sharks and Rays of Australia. 
(CSIRO Publishing, Victoria, Australia): 656 p.

Leder, L.M. 2015. Fossil remains of selachiens and chimaera 
from the Muschelschluff and Phosphoritknollenhorizont of 
Zwenkau near Leipzig. Journal of Central European Geol
ogy 61(1): 73-90.

Leidy, J. 1877. Description of vertebrate remains, chiefly from 
the Phosphate Beds of South Carolina. Journal of the Acad
emy of Natural Sciences of Philadelphia 8(2): 209-261.

Leriche, M. 1942. Contribution à l’étude des faunes ichthy-
ologiques marines des terrains tertiaires de la Plaine 
Côtière Atlantique et du centre des Etats-Unis. Les syn-
chronismes des formations tertiaires des deux côtés de 
l’Atlantique. Mémoires de la Société géologique de France 
45(2–4): 1-110.

Lessa, R.T.P., Batista, V.S. & Almeida, Z. 1999. Occurrence 
and biology of the daggernose shark Isogomphodon oxy
rhynchus (Chondrichthyes: Carcharhinidae) off the Ma-
ranhão Coast (Brazil). Bulletin of Marine Science 64(1): 
115-128.

Linck, H.F. 1790. Versuch einer Eintheilung der Fische nach 
den Zänen. Magazin für das Neueste aus der Physik un 
Naturgeschichte 16(3): 28-38.

Linnaeus, C. 1758. Systema Naturae, Ed. X. (Systema naturae 
per regna tria naturae, secundum classes, ordines, genera, 
species, cum characteribus, differentiis, synonymis, locis. 
Tomus I. Editio decima, reformata.) Holmiae. v. 1: i-ii + 
1-824

Maisch, H.M., Becker, M.A. & Chamberlain, J.A. 2015. Chon-
drichthyans from a lag deposit between the Shark River 
Formation (Middle Eocene) and Kirkwood Formation 
(Early Miocene), Monmouth County, New Jersey. Paludi
cola 10(3): 149-183.

Manning, E.M. & Standhardt B.R. 1986. Late Eocene sharks 
and rays of Montgomery Landing, Louisiana. In: Schiebout, 
J.A. & van den Bold, W. (eds). Montgomery Landing Site, 
Marine Eocene (Jackson) of central Louisiana. Proceed-
ings of a Symposium 1986 Annual Meeting Baton Rouge, 
Louisiana. Gulf Coast Association of Geological Sciences, 
p. 133-162.

McPherson, A.B. & Manning E.M. 1986. New records of 
Eocene sea snakes (Pterosphenus) from Louisiana. In: 
Schiebout, J.A. & van den Bold, W. (eds). Montgomery 
Landing Site, Marine Eocene (Jackson) of central Louisi-
ana. Proceedings of a Symposium 1986 Annual Meeting 
Baton Rouge, Louisiana. Gulf Coast Association of Geo
logical Sciences, p. 197-208.

Menon, M., Maheswarudu, G., Ramulu, K.S. & Kizhakudan, 
S.J. 2020. Reproductive biology and diet of the longtail 
butterfly ray Gymnura poecilura (Shaw, 1804) along west-
ern Bay of Bengal. Journal of the Marine Biological As
sociation of the United Kingdom 100(3): 461-470. doi.
org/10.1017/S0025315420000259.

Mitchill, S.L. 1815. The fishes of New York described and ar-
ranged. Transactions of the Literary and Philosophical So
ciety of New York 1: 355-492.

Moreau, F., Dion, M. & Mathis, S. 2013. Présence des genres 
Xiphodolamia et Isistius (Chondricthyes, Elasmobranchii) 
à l’Eocène du Bassin de Paris. Cossmannia 15: 85-98.

Müller, A. 1999. Ichthyofaunen aus dem atlantischen Tertiär 
der USA. Leipziger Geowissenschaften 9-10:1-360.

Müller, J. & Henle, F.G.J. 1837. Gattungen der Haifische und 
Rochen nach einer von ihm mit Hrn. Henle unternomm-
enen gemeinschaflichen Arbeit uber die Naturgeschichte 
der Knorpelfische. Bericht Adakemie der Wissenshaften 
zu Berlin 1837: 111-118.

Müller, J. & Henle, J. 1841. Systematische Beschreibung der 
Plagiostomen. (Veit and Company, Berlin, Germany): 200 p.

Nelson, J.S., Grande, T.C. & Wilson, M.V.H. 2016. Fishes of 
the World, 5th edition. (John Wiley & Sons, Hoboken, New 
Jersey): 707 p.

Nolf, D. & Stringer, G.L. 2003. Late Eocene (Priabonian) fish 
otoliths from the Yazoo Clay at Copenhagen, Louisiana. 
Louisiana Geological Survey, Geological Pamphlet 13: 
1-23.

Parmley, D. & Cicimurri D.J. 2003. Late Eocene sharks of the 
Hardie Mine local fauna of Wilkinson County, Georgia. 
Georgia Journal of Science 61(3): 153-179.

Pietschmann, V. 1913. Fische des Wiesbadener Museums. Jahr
bücher des Nassauischen Vereins für Naturkunde 66: 170-
201.

Probst, J. 1879. Beiträge zur Kenntniss der fossil Fische aus der 
Molasse von Baltringer. Hayfische (Selachoidei). Jahres



164    Cicimurri & Ebersole. New Paleogene elasmobranch records from the Gulf Coastal Plain of the United States

hefte des Vereins für vaterländische Naturkunde in Wurtt
emberg 35: 127-191.

Purdy, R.W., Schneider, V.P., Applegate, S.P., McLellan, J.H., 
Meyer, R.L. & Slaughter, R. 2001. Neogene sharks, rays, 
and bony fishes from Lee Creek Mine, Aurora, North Car-
olina. In: Ray., C.E. & Bohaska, D.J. (eds.). Geology and 
Paleontology of the Lee Creek Mine, North Carolina, III. 
Smithsonian Contributions to Paleobiology 90: 71-202.

Rafinesque, C.S. 1810. Caratteri di alcuni nuovi generi e nuove 
specie di animali e piante della Sicilia, con varie osserva-
zioni sopra i medesimi. Prima Parte. Gli Animali: 5-69.

Ranzani, C. 1840. De novis speciebus piscium. Novi Commen
tarii Academiae Scientiarum Instituti Bononiensis, 4: 65-
83.

Reinecke, T. 2015. Batoids (Rajiformes, Torpediniformes, 
Myliobatiformes) from the Sülstorf Beds (Chattian, Late 
Oligocene) of Mecklenberg, northeastern Germany: a revi-
sion and description of three new species. PaleoVertebrata 
30(2): e2

Samonds, K.E., Andrianavalona, T.H., Wallett, L.A., Zalmout, 
I.S. & Ward, D.J. 2019. A middle-late Eocene neoselachian 
assemblage from nearshore marine deposits, Mahajanga 
Basin, northwestern Madagascar. PlosOne 14(2): e0211789. 
doi.org/10.1371/journal.pone.0211789.

Shimada, K. 2002. Dental homologies of lamniform sharks 
(Chondrichthyes: Elasmobranchii). Journal of Morphology 
215: 38–72. doi.org/10.1002/jmor.1073.

Siverson, M. 1999. A new large lamniform shark from the up-
permost Gearle Siltstone (Cenomanian, Late Cretaceous) 
of Western Australia. Transactions of the Royal Society of 
Edinburgh 90: 49-66. doi.org/10.1017/S0263593300002509.

Stringer, G.L. 1977. A study of upper Eocene otoliths and re-
lated fauna of the Yazoo Clay in Caldwell Parish, Louisi-
ana. Unpublished M.S. thesis, University of Louisiana at 
Monroe.

Stringer, G.L. 2002. 46-million-year-old marine fossils from 
the Cane River site, north-central Louisiana. Louisiana 
Geological Survey Public Information Series 10: 1-7.

Stringer, G.L. & Breard, S.Q. 1997. Comparison of otolith-
based paleoecology to other fossil groups: an example from 
the Cane River Formation (Eocene) of Louisiana. Gulf 
Coast Association of Geological Societies Transactions 47: 
563-570.

Stringer, G.L., Breard, S.Q. & Kontrovitz, M. 2001. Biostra-
tigraphy and paleoecology of diagnostic invertebrates and 
vertebrates from the type locality of the Oligocene Rose-
field Marl Beds, Louisiana. Gulf Coast Association of Geo
logical Societies Transactions 51: 321-328.

Uhen, M.D. 1998. New protocetid (Mammalia, Cetacea) from 
the late Middle Eocene Cook Mountain Formation of Loui-
siana. Journal of Vertebrate Paleontology 18(3): 664-668.

Underwood, C.J. & Gunther, G.C. 2012. The shark Carcharhi
nus sp. from the Middle Eocene of Jamaica and the Eocene 
record of Carcharhinus. Caribbean Journal of Earth Sci
ence 44: 25-30. 

Vaughan, W.T. 1896. A brief contribution to the geology and 
paleontology of northwestern Louisiana. Bulletin of the 
United States Geological Survey 142, 63 p. 

Voigt, M. & Weber, D. 2011. Field Guide for Sharks of the Ge
nus Carcharhinus. (Friedrich Pfeil, Munich, Germany): 
151 p.

Westgate, J.W. 1984. Lower vertebrates from the Late Eocene 
Crow Creek local fauna, St. Francis County, Arkansas. 
Journal of Vertebrate Paleontology 4(4): 536-546. doi.org/1
0.1080/02724634.1984.10012029.

White, E.I. 1955. Notes on African Tertiary sharks. Colonial 
Geology and Mineral Resources 5: 319-325.

Whitley, G.P. 1929. Additions to the checklist of the fishes in 
New South Whales, 2. Australian Zoologist 5(4): 353-357. 

Whitley, G.P. 1940. The fishes of Australia Part 1. The sharks, 
rays, devil-fish, and other primitive fishes of Australia and 
New Zealand. (Royal Society of New South Whales, Syd-
ney, Australia): 280p.

Wood, A.D., Wetherbee, B.M., Juanes, F., Kohler, N.E. & Wil-
ga, C. 2009. Recalculated diet and daily ration of the short-
fin mako (Isurus oxyrinchus), with a focus on quantifying 
predation on bluefish (Pomatomus saltatrix) in the north-
west Atlantic Ocean. Fishery Bulletin 107: 76-88.

Yokota, L., Goitein, R., Gianeti, M.D. & Lessa, R.T.P. 2013. 
Diet and feeding strategy of smooth butterfly ray Gymnura 
micrura in northeastern Brazil. Journal of Applied Ichthy
ology 29(6): 1325-1329.

Zumwalt, G., Pratt, J. & Moncrief, J. 1995. Marine macro-in-
vertebrate paleoenvironmental interpretation of the Harvey 
Site (Cook Mountain, Eocene) in north-central Louisiana. 
Mississippi Geology 16(1): 12-21.


