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from the Peace River and Tamiami formations 
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on the submerged continental shelf near Venice, Florida, USA
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ABSTRACT

The submerged continental shelf near Venice, Sarasota County, Florida, USA,
exposes clays and hard-bottom limestones of the Peace River and Tamiami formations
(Late Miocene–Early Pliocene). These formations occur in ≤12 m of seawater, within
4.5 km of the modern-day shoreline, because of wave- and current-driven deposition
and erosion during glacioeustactic sea-level cyclicity, shifting of the ancestral shore-
line, fluvial incision, and storm activity across the shallow shelf since the Miocene.
These processes have accumulated residual, fossiliferous lag deposits on the modern
seafloor that contain an abundance of elasmobranch remains (primarily isolated teeth
of sharks and rays) belonging to at least 45 taxa including: Squalus sp., Isistius triangu-
lus, Heterodontus sp., Ginglymostoma cirratum, Carcharias taurus, Otodus megal-
odon, Parotodus benedinii, Isurus oxyrinchus, Carcharodon carcharias, C. hastalis,
Scyliorhinus sp., Mustelus sp., Galeorhinus sp., Hemipristis serra, Galeocerdo adun-
cus, G. mayumbensis, G. cuvier, Physogaleus contortus, Rhizoprionodon sp., Negap-
rion brevirostris, Carcharhinus cf. C. falciformes, C. leucas, C. obscurus, C. plumbeus,
C. cf. C. altimus, C. perezii, C. cf. C. brachyurus, C. cf. C. porosus, Carcharhinus lim-
batus, Carcharhinus brevipinna, Sphyrna cf. S. zygaena, S. cf. S. tiburo, Rhynchoba-
tus sp., Rhinobatidae gen. indet., Pristis cf. P. pristis, Anoxypristis sp., Rajidae gen.
indet., Hypanus cf. H. say, Hypanus cf. H. americanus, Rhinoptera cf. R. bonasus,
Mobula cf. M. hypostoma, Mobula cf. M. birostris, Aetomylaeus sp., Myliobatis sp., and
Aetobatus cf. A. narinari. These elasmobranch remains were collected exclusively by
SCUBA diving off the coast of Venice, Florida and provide a unique means to observe
taphonomic processes influencing vertebrate fossils on the shallow continental shelf.
This represents the most diverse fossil elasmobranch assemblage reported from the
state of Florida and is also one of the most diverse assemblages in the late Cenozoic
fossil record in the USA. Comparison of the submerged Venice shelf elasmobranchs
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with those from land-based exposures in Florida and elsewhere along the Atlantic and
Gulf Coastal Plains of the USA also indicates that fossils and submerged formations
become geologically younger to the south. Moreover, the Venice taxa provide a unique
means to assess the stratigraphic distribution of many well-known and globally occur-
ring elasmobranchs, including large lamniforms and the megatoothed shark, Otodus
megalodon, as related to habitat shifts along the west coast of Florida since the late
Cenozoic. 

Harry M. Maisch IV. Department of Marine and Earth Sciences, The Water School, Florida Gulf Coast 
University, 10501 FGCU Boulevard South, Fort Myers, Florida 33965, USA (corresponding author). 
hmaisch@fgcu.edu 
Martin A. Becker. Department of Environmental Science, William Paterson University, 300 Pompton Road, 
Wayne, New Jersey 07470, USA. beckerm2@wpunj.edu 
Victor J. Perez. Natural and Historic Resources Division, Prince George’s County Parks and Recreation, 
Maryland-National Capital Parks and Planning Commission, Upper Marlboro, Maryland, USA. 
Victor.Perez@pgparks.com 
Kenshu Shimada. Department of Environmental Science and Studies, DePaul University, 1110 West 
Belden Avenue, Chicago, Illinois 60614, USA; and Department of Biological Sciences, DePaul University, 
2325 North Clifton Avenue, Chicago, Illinois 60614, USA; and Sternberg Museum of Natural History, Fort 
Hays State University, Hays, Kansas 67601, USA; and Scientific Affiliate, Integrative Research Center, 
Field Museum of Natural History, Chicago, IL 60605, USA. kshimada@depaul.edu

Keywords: climate change; fossil elasmobranchs; Miocene; Peace River Formation; Pliocene; Tamiami 
Formation
Submission: 28 December 2024. Acceptance: 28 August 2025.

INTRODUCTION

For over 125 years, the diverse marine and
terrestrial invertebrate and vertebrate fossil
remains occurring throughout Florida have
attracted many amateur and professional geolo-
gists and paleontologists (e.g., Leidy, 1896; Matson
and Clapp, 1909; Brown, 1988; Garcia and Miller,
1998; Sinibaldi, 1998; Kocsis, 2002; Fink, 2004;
Portell and Agnew, 2004; Renz, 1999, 2002, 2005).
In particular, the central Florida phosphate-mining
region, known as “Bone Valley”, contains an abun-
dance of vertebrate fossil remains that have been
concentrated along with phosphatic clasts (Day,
1886; Wright, 1893; Scott, 1988; Hulbert, 2001).
Fossil elasmobranch teeth including those belong-
ing to the megatoothed shark (i.e., Otodus megal-
odon or simply “Megalodon”), are locally abundant
in Florida’s phosphatic sediments and are highly
sought after by collectors and scientists alike (Hul-
bert, 2001; Renz, 2002; Bryan et al., 2008). 

The abundance of fossil shark teeth on pub-
licly accessible beaches and the submerged shal-
low continental shelf in Venice, Florida, has led this
city to become known as the “Shark Tooth Capital

of the World” and the host of annual Shark Tooth
Festivals (Hine, 2013). The unique occurrence of
fossils on this picturesque, west Florida, Gulf of
Mexico shoreline also encouraged the publication
of numerous fossil collecting and identification
guides (e.g., Ayres, 1961; Thomas, 1965; Cartmell,
1988; Marlowe, 2014; Fuqua, 2011, 2017, 2020).
However, fossils from Venice have been largely
overlooked by the academic paleontological com-
munity. The abundance of elasmobranch fossils
found in the Venice region is a result of numerous
climatically driven sea-level fluctuations that have
exhumed, concentrated, and reburied fossil
remains since at least the Late Miocene. These
fossils can differ in age by ≥5 million years and rep-
resent taxa with distinctly different habitat prefer-
ences. In this paper, we report for the first time a
comprehensive study on the elasmobranch assem-
blage recovered exclusively by SCUBA diving off
Venice, Florida (hereafter referred to as the Venice
Elasmobranch Assemblage) and provide insights
on the geology, age, and taphonomic history of the
shallow continental shelf in the area.
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GEOLOGICAL AND PALEONTOLOGICAL 
BACKGROUND

General Geological Setting

The state of Florida is a carbonate platform
composed of Cenozoic marine sediments and
rocks that are underlain by Cretaceous and crystal-
line basement rocks (Hine, 2013). The majority of
these calcareous sediments and rocks were sub-
sequently covered by siliciclastic sediments
derived from the Appalachian Mountains and trans-
ported by rivers flowing southward in response to
sea-level regression beginning in the Oligocene
(McKinney, 1984; Hine, 1997, 2013; Missimer and
Maliva, 2017). This influx of siliciclastic sediment
adjoined Florida to the Atlantic and Gulf Coastal
Plains of the USA and consequently diminished
carbonate deposition and altered ocean current
flow (Hine, 2013). In particular, sea-level changes
affecting peninsular Florida influenced the flow
paths of the ancestral Loop Current and Gulf
Stream since the Miocene (Riggs, 1984; Mullins et
al., 1987; Snyder et al., 1990; Fountain et al., 1993;
Compton, 1997; Scott, 1997).

Peninsular Florida is composed of Cenozoic
and Holocene sediments that exhibit structural fea-
tures including the Peninsular Arch and Ocala Plat-
form (i.e., the Ocala Arch sensu Fountain et al.,
1993) which trend in a north-south direction (Foun-
tain et al., 1993; Scott et al., 2001; Hine, 2013). In
general, west of the Peninsular Arch, sedimentary
layers dip towards the Gulf of Mexico, east of the
arch, sedimentary layers dip towards the Atlantic
Ocean, and collectively, sedimentary layers also
become progressively younger towards the south-
ern portion of the state (Cathcart, 1989; Fountain et
al., 1993; Scott et al., 2001; Bryan et al., 2008;
Hine, 2013). 

Phosphate is relatively common throughout
Florida’s Cenozoic sediments; however, it is most
concentrated in the Peace River Formation that
occurs across the central portion of the state
(Scott, 1988; Scott et al., 2001). In particular, cen-
tral Florida contains large, ore-grade phosphate
deposits that have been exploited through dredg-
ing and mining activities for about 140 years (e.g.,
Day, 1886; Wright, 1893). These regional phos-
phate deposits are frequently referred to as “Bone
Valley” due to the abundance of vertebrate fossil
remains that co-occur with phosphate ore (Matson
and Clapp, 1909). The “Central Phosphate District”
was established around the Peace River region in
Polk and Hillsborough Counties, Florida and has
high-grade phosphate ore consisting of boulder to

sand-sized clasts (Cathcart, 1989; Scott, 1990;
Fountain et al. 1993). However, additional, lower-
grade phosphate has also been mined from the
“Southern Extension” of the Central Phosphate
District that extends into Hardee, Manatee, and
DeSoto counties, Florida (Cathcart, 1989; Fountain
et al., 1993). 

Traditionally, all layers with phosphatic sedi-
ments within the Central Phosphate District and
Southern Extension were identified as the Bone
Valley Formation (sensu Matson and Clapp, 1909);
however, the Cenozoic geology of Florida was
extensively revised by Scott (1985a, 1985b, 1986,
1988). The “Bone Valley Formation” is now
referred to as the Bone Valley Member of the
Peace River Formation within the Hawthorn Group
and represents a thin, sporadically exposed,
extremely rich phosphatic zone containing large
clasts in the Central Phosphate District (Cathcart,
1989; Scott, 1988, 1990). The undifferentiated
Peace River Formation is comprised of fine-
grained sandy, clayey, and phosphatic sediments
below and above the Bone Valley Member, and the
formation increases in thickness to the south
(Cathcart, 1989; Scott, 1990).

The Peace River Formation has been identi-
fied as Middle to Late Miocene–Pliocene in age
based on vertebrate fossils (Webb and Tessman,
1968; Webb and Crissinger, 1983; Cathcart, 1989)
and nannofossils (Covington, 1992). The age of
localized Bone Valley Member deposits has been
controversial and previously placed within the Mio-
cene or Pliocene because varying amounts of ero-
sion and reworking have influenced individual
outcrops (e.g., Matson and Clapp, 1909; Matson,
1915; Simpson, 1930; Cooke, 1945; MacFadden
and Webb, 1982; Webb and Crissinger, 1983;
Scott, 1988). Currently, the Bone Valley Member is
considered to be Pliocene in age and contains Mio-
cene marine fossils that have been reworked along
with Pliocene terrestrial fossils in fluvial channel
deposits (Webb and Crissinger, 1983; Scott, 1988).
Strontium isotope analyses of phosphatic clasts
recovered from drill cores in Lee County, Florida
indicate that the lower Peace River Formation is
~13–8.5 Ma, whereas the upper Peace River For-
mation in this region is ~5.23–4.29 Ma (Compton et
al., 1993; Missimer, 2001). However, it must be
noted that the clasts utilized for strontium analyses
were collected downdip (i.e., south of Venice,
Sarasota County, Florida) and the strontium-iso-
tope curve flattens near the Miocene–Pliocene
boundary providing less reliable chronostrati-
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graphic resolution (Missimer, 2001; McArthur et al.,
2020).

Younger sediments belonging to the Pliocene
Tamiami Formation or various Plio–Pleistocene for-
mations overlie the Peace River Formation in cen-
tral Florida and also outcrop across much of the
southern portion of the state (McCartan and Moy,
1995). The contact between the Peace River and
Tamiami formations is erosional and generally
identified as a dark-colored, carbonate mud con-
taining concentrations of reworked phosphate,
dolomite, and quartz sand (Missimer, 1978, 1992).
However, placement of this contact can be difficult
because the Peace River and Tamiami formations
are lithologically and paleontologically similar,
phosphate occurs locally throughout the Tamiami
Formation, and the extent of reworking may
obscure the contacts between formations (Peck et
al., 1979; Scott, 1990; Missimer, 1978, 1992). The
Tamiami Formation has been identified as Pliocene
in age with the base of the formation identified
between ~4.9–4.2 Ma and the upper Plio–Pleisto-
cene boundary identified at ~1.95 Ma in southern
Florida (Cathcart, 1989; Missimer, 1978, 1992,
2001).

It is important to note that the geology of
southwest Florida has been difficult to decipher
because various units, members, and formations
have been proposed or identified based on litho-
stratigraphic or biostratigraphic variations despite
the lack of laterally expansive surface exposures or
subsurface units (Scott, 1988; Missimer, 1992;
McCartan and Moy, 1995). Moreover, additional
complications with identifying and correlating the
late Cenozoic geology of southwest Florida stem
from workers with differing areas of expertise
including hydrogeology, lithostratigraphy, biostra-
tigraphy, and sequence stratigraphy. In this study,
featuring a time-averaged assemblage of elasmo-
branch teeth, we utilize a sequence stratigraphic
approach and interpret these teeth to be Late Mio-
cene–Early Pliocene in age derived from lag
deposits occurring at (or near) the boundary
between the Peace River and Tamiami formations.
These lag deposits have been further reworked to
varying extents across the shallow Venice shelf as
a result of wave-based erosion, bottom currents,
and fluvial incision of the continental shelf during
sea-level lowstands.

Geology of the Submerged Venice Study Area 

The shallow continental shelf along the coast
of Venice, Florida, is located adjacent to the north-
western portion of the Southern Extension of the

Florida phosphate mining district (Fountain et al.,
1993; Scott et al., 2001; Hine, 2013). The sub-
merged study area documented in this report
occurs south of Venice Inlet and extends towards
Manasota Key (Figure 1). Fossil remains were col-
lected within 4.5 km of the present-day shoreline in
water depths ranging from ~3–12 m.

The northernmost region of the study area
near Venice Inlet contains coarse, pebble to boul-
der-sized clasts that include megatoothed shark
teeth as well as marine and terrestrial mammal
bones and teeth. These large litho- and bio-clasts
frequently exhibit extensive amounts of abrasion
and bioerosion that suggests prolonged winnowing
and reworking occurred in this area (e.g., Boesse-
necker et al., 2014; Maisch et al., 2019a). While it
is possible that this localized zone may represent a
submerged exposure of the Bone Valley Member
of the Peace River Formation, large authigenic
phosphate clasts are absent. Instead, it is more
likely that the deposit in this zone represents Mio-
cene–Pliocene residuum concentrated from a Plio–
Pleistocene fluvial channel that has been further
reworked by wave-based erosion from changes in
sea-level.

Further south, the abundance of boulder to
cobble-sized clasts and large, abraded vertebrate
fossils decreases and is replaced by gray-colored,
phosphatic, sandy clay exposures occurring on or
just below the seafloor. These exposures are fre-
quently blanketed by black, brown, orange, or red-
colored, coarse sands with pebble to silt-sized
phosphate clasts. Vertebrate fossils, including an
abundance of elasmobranch teeth and isolated
marine and terrestrial mammal bones and teeth
are frequently associated with these phosphatic
seafloor deposits. The lithology of these expo-
sures, and in particular the abundance of sand-
sized phosphate clasts, is consistent with descrip-
tions of the undifferentiated Peace River Formation
(Figures 2–3; Scott, 1988; Cathcart, 1989; Scott,
1990). The undifferentiated Peace River Formation
has been identified as Late Miocene, Miocene–
Pliocene, or Pliocene in age depending on strati-
graphic position, location, and the extent of erosion
(Missimer, 1978; Scott, 1988; Scott, 1990).

In contrast, the southernmost portion of the
submerged Venice study area in the Manasota Key
region exposes low-lying, white to tan-colored lime-
stone hardbottom scarps that are sparsely phos-
phatic and may occur adjacent to green-gray
colored, sandy clays. Fossil remains are less abun-
dant at the southern exposures; however, on aver-
age consist of larger marine mammal remains,
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megatoothed shark teeth, and an increased abun-
dance of terrestrial vertebrate remains. The verte-
brate fossils and lithology of these southern
exposures are consistent with descriptions of the
Pliocene Tamiami Formation and indicate that geo-
logically younger sediments are exposed to the
south (Figures 1–3; Cathcart, 1989; Missimer,
1978, 1992, 1999; Hulbert, 2001). The increased
occurrence of terrestrial mammal remains in the
southern region may be associated with localized
Pleistocene exposures on the Venice Shelf or
these remains may represent bioclasts from
younger formations that have been reworked and
superimposed on the Tamiami Formation.

Land-based geological data from Florida Geo-
logical Survey wells (i.e., W-16814 and W-17488)
and geologic mapping in Sarasota County, Florida
(e.g., McCarten and Moy, 1995; Green et al., 1997)
reinforce our stratigraphic determination of the sub-

merged shallow shelf. Typically, ~7.5 m of Quater-
nary and Pleistocene surficial sediments blanket
the underlying Miocene–Pliocene Peace River For-
mation that ranges between ~9–18 m thick and
overlies the Early–Middle Miocene Arcadia Forma-
tion occurring ~18 m below ground in the Venice
region.

Brief Review of Paleontology in Florida

Florida has been long known to contain
diverse vertebrate and invertebrate fossil assem-
blages from the Eocene–Pleistocene (Leidy, 1896;
Scott and Allmon, 1992; Ward, 1992; Hulbert,
2001; Perez, 2022 and references therein). In par-
ticular, the state preserves a wealth of Late Mio-
cene–Pleistocene fossil material that is under-
represented or absent elsewhere across the Atlan-
tic and Gulf Coastal Plains of the USA (Hulbert,
2001; Perez, 2022). Diverse assemblages of

FIGURE 1. Venice, Florida study area. A, location map of the Venice, Sarasota County, Florida, USA, coastline and
shallow continental shelf modified from NOAA chart #11424. The submerged collecting area from which elasmobranch
remains were recovered is demarcated by the parallelogram with diagonal lines and specific collecting zones are
labeled as northern, middle, and southern regions. B, inset map of peninsular Florida showing approximate terrestrial
surface area across the late Miocene–early Pliocene (green), the location of the ancestral shoreline ~21 ka during the
Last Glacial Maximum (dark blue), and the present-day shoreline (light blue) modified from Bryan et al. (2008). Depths
in meters. Star in B represents Venice, Florida.
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FIGURE 2. Composite of underwater images showing different types of seafloor exposures within the shallow Venice,
Florida continental shelf study area. A, hardbottom reef with underlying clay indicated by arrow. B, hardbottom reef
scarp with adjacent, boulder-sized rubble. C, cobble-sized pavement with arrows indicating sirenian bone fragments.
D, scoured and bioeroded hardbottom limestone with arrow indicating fragmentary O. megalodon tooth. E, rubble-
sand rows with underlying clay exposure indicated by arrow. F, silty-sand rows with underlying clay exposure indi-
cated by arrow. Scale bars in A–B, F = 1 m; C–E = 5 cm.
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FIGURE 3. Composite of underwater images for the northern (A–B), middle (C–D), and southern (E–F) regions of the
shallow Venice, Florida continental shelf study area. A–B, large cobble to boulder-sized rubble pavement deposited
adjacent to hardbottom exposures. C–D, pebbly sand rows (C) that frequently contain an abundance of phosphatic
debris (D). E–F, low-lying limestone and clay exposures at or near the seafloor containing minor amounts of phos-
phorite and occasional invertebrate fossils. Note arrows in E indicate limestone and clay exposures and arrow in F
indicates in situ Chesapecten sp. Scale bars in A–B, E = 10 cm; C–D, F = 5 cm.
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marine and terrestrial invertebrates (e.g., Olsson
and Harbison, 1953; Olsson, 1968; Petuch, 1994;
Portell, 2004; Portell and Agnew, 2004; Portell et
al., 2006; Waller, 2018; Osborn et al., 2020; Petuch
and Berschauer, 2021) and marine and terrestrial
vertebrates (e.g., Case, 1934; Olsen, 1959; Wei-
gel, 1962; Brodkorb, 1963; Weisbord, 1971; Webb,
1974; Reinhart, 1976; MacFadden and Webb,
1982; Dodd and Morgan, 1992; Morgan, 1994;
Morgan and Hulbert, 1995; Scudder et al., 1995;
Hulbert, 2001; Bryan et al., 2008; Velez-Juarbe et
al., 2016; Perez, 2022) have been reported from
Florida and are the focus of many other studies. 

Elasmobranchs are the most abundant identi-
fiable vertebrate fossils represented in Florida;
however, they have gone largely unreported in pro-
fessional scientific literature despite public interest
and the production of numerous avocational identi-
fication guides (e.g., Brown, 1988; Renz, 2002;
Fink, 2004; Fuqua, 2011). Several detailed reports
on elasmobranchs from specific localities across
Florida, as well as a Cenozoic chondrichthyan
diversity study for the state exist. Yet, none of
these reports specifically feature the Miocene–Plio-
cene elasmobranch assemblage from Venice (e.g.,
Olsen, 1964; Scudder et al., 1995; Boyd, 2016;
Perez and Marks, 2017; Perez, 2022; Clinton et al.,
2023). In this regard, the present study, document-
ing 45 elasmobranch taxa, makes a significant
contribution to the paleontological literature of Flor-
ida and, by providing new insights into the marine
paleoecology of the eastern Gulf of Mexico during
the Late Miocene–Early Pliocene.

FIELD AND LABORATORY METHODS

Elasmobranch teeth were recovered from the
shallow Venice continental shelf exclusively while
SCUBA diving at various locations, in ~3–12 m of
water over the last 10 years by the first author
(HMM) (Figure 1). Fossil remains were obtained by
surface collecting and bulk sampling at over 50 dif-
ferent locations within the study area. Approxi-
mately 200 kg of sediment was bulk sampled from
various locations on the shallow Venice continental
shelf using plastic containers or fine mesh bags.
Bulk sediment samples were sieved in the labora-
tory through a series of sieves (mesh sizes 10–1
mm) and concentrated sediments were dried and
analyzed using a standard binocular microscope.
Elasmobranch teeth recovered display varying
degrees of taphonomic wear, bioerosion, and
encrustation. Selected specimens were cleaned
with dilute acetic acid, dental picks, and brushes.
Small specimens were imaged using an Olympus

SZ61 binocular microscope attached to an Infinity–
2 digital Camera and large specimens with a
Canon EOS Rebel T5 digital camera. A total of 208
representative elasmobranch teeth and sawfish
rostral spines featured in this manuscript were
selected from an assemblage of over 10,000 spec-
imens and have been reposited in the collections of
the Florida Museum of Natural History (FLMNH)
under the catalog numbers UF-VP560804–
UFVP561113. The number of reposited specimens
for each taxon represented in the systematic pale-
ontology section of this study attests to the overall
abundance of these teeth in the Venice Elasmo-
branch Assemblage. Higher numbers of reposited
specimens indicate a greater abundance of teeth;
whereas, fewer reposited specimens indicate
uncommon or rare occurrences. Given the geologi-
cally recent, Late Miocene–Pliocene age of the
Venice Elasmobranch Assemblage, and the contin-
uous representation of many taxa in the present-
day oceans, our taxonomic analyses focused on
mid-Miocene–Recent elasmobranchs found in the
Atlantic Ocean, Gulf of Mexico, and eastern Pacific
Ocean. Identifications were based on regional and
global literature with specific reference to: Com-
pagno (1988), Purdy et al. (2001), Compagno et al.
(2005), Voigt and Weber (2011), Castro (2011),
Cappetta (2012), Last et al. (2016a), Kent (2018),
and Ebert et al. (2021). 

SYSTEMATIC PALEONTOLOGY

Class CHONDRICHTHYES Huxley, 1880
Subclass ELASMOBRANCHII Bonaparte, 1838

Cohort EUSELACHII Hay, 1902
Superorder SELACHIMORPHA Nelson, 1984

Order SQUALIFORMES Goodrich, 1909
Family SQUALIDAE Bonaparte, 1834

Genus SQUALUS Linnaeus, 1758
Squalus sp.
Figure 4A–B

Referred specimen. One tooth (UF-VP560804).
Description. The tooth crown is labiolingually
compressed. It is oblique with a smooth margin
and measures 2.24 mm in height and 3.15 mm in
width. A short, well-developed distal heel is present
and separated from the main crown by a notch.
The labial tooth surface contains a centrally
located enameloid uvula that projects across the
root base. The tooth root is labiolingually com-
pressed, contains a small lingual protuberance
near the crown-root interface, and is shorter than
the crown height.
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Remarks. This is the first known report of a fossil
Squalus tooth from Florida. Teeth of Squalus sp.
can be readily distinguished from those of other
elasmobranchs in the Venice assemblage includ-
ing Isistius triangulus (Probst, 1879) and Rhizopri-
onodon sp., because they are small, labiolingually
compressed, and have a centrally located enam-
eloid uvula on the labial surface that projects
across the root base. The teeth of Squalus are sim-
ilar in both the upper and lower jaws, but the lower
teeth are frequently larger than the upper teeth
(Castro, 2011; Cappetta, 2012; Perez and Marks,
2017; Perez, 2022). Numerous Squalus species
are known in the fossil record since the Late Creta-
ceous, where they are taxonomically diagnosed
based on tooth size, labial uvula development, and
crown and root morphology (Cappetta, 2012).
However, we refrain from species-level taxonomic

identification of Squalus in the Venice Elasmo-
branch Assemblage because only a single, frag-
mentary tooth has been recovered. 

Presently, Squalidae is represented by Cirrhi-
galeus and Squalus and of these genera, Squalus
has been subdivided into at least 34 species within
three primary subgroups or clades (Ebert et al.,
2021). In the present-day Gulf of Mexico, four
squalid species are recognized and include: the
roughskin spiny dogfish Cirrhigaleus asper (Mer-
rett, 1973), the spiny dogfish Squalus acanthias
Linnaeus, 1758, the Cuban dogfish Squalus
cubensis Howell Rivero, 1936, and the Gulf dogfish
Squalus clarkae Pfleger, Grubbs, Cotton, and Daly-
Engel, 2018. These taxa are all represented by
small-bodied sharks possessing teeth with similar
morphologies (Castro, 2011; Ebert et al., 2021).

FIGURE 4. Squaliform, heterodontiform, and orectolobiform teeth from the Peace River and Tamiami formations on
the shallow Venice, Florida continental shelf. A–B, Squalus sp. (UF-VP560804). C–K, Isistius triangulus upper ante-
rior (C–H; UF-VP560805) and lower anterior (I–K; UF-VP560806) teeth. L–O, Heterodontus sp. molariform tooth (UF-
VP560807). P–T, Ginglymostoma cirratum anterior tooth (UF-VP560808). Orientations = lingual: A, C, I, L, P; labial: B,
D, K, M, Q; lateral: E, F, J, R; occlusal: G, N, S; basal: H, O, T. Scale bars: A–K = 1 mm; L–T = 2 mm.
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Although most squalids are known to inhabit outer
continental shelf and slope waters and feed upon a
variety of invertebrates and small fish, some taxa
(e.g., C. asper and S. acanthias) also venture into
shallow continental shelf waters, including bays
and river mouths (Castro, 2011; Ebert et al., 2021).

Family DALATIIDAE Gray, 1851
Genus ISISTIUS Gill, 1865a

Isistius triangulus (Probst, 1879)
Figure 4C–K

Referred specimens. One upper jaw tooth (UF-
VP560805) and one lower jaw tooth (UF-
VP560806).
Description. The upper jaw tooth has a narrow,
distally inclined cusp and a globular root base, and
measures 3.3 mm in height and 1.63 mm in width.
The labial and lingual faces are slightly convex,
and the margins are smooth. The distal margin is
nearly straight, and the mesial margin is convex.
The cutting edge of the upper jaw tooth ends
abruptly and is separated from the bulbous root
base by an elongated tooth neck. The root base is
weakly separated into two distinct lobes by a nutri-
tive groove. The lower jaw tooth has a broad, trian-
gular crown and measures 3.19 mm and 1.81 mm
in total height and width, respectively. The crown is
labiolingually flattened and has smooth cutting
edges. The crown and root interface on the distal
margin is linear and slightly convex, whereas the
crown extends beyond the root base on the mesial
margin and forms a slight concavity for interlocking
with the adjacent tooth. The root is labiolingually
flattened, square in outline, approximately the
same height as the tooth crown, and contains a
well-developed nutritive groove. The crown-root
interface on the lingual surface is relatively straight
and equally separates the crown and root in con-
trast to that observed on the labial face that
extends further down onto the root base. A small,
centrally located foramen is present on the lingual
surface of the root just above the nutritive groove.
Remarks. Isistius spp. have a well-developed het-
erodont dentition where the upper teeth are very
small, narrow, and delicate in contrast to the lower
teeth that are larger and triangular (Strasburg,
1963; Herman et al., 1989; Adnet, 2006; Cappetta,
2012). The lower teeth of I. triangulus can be read-
ily distinguished from those of other elasmo-
branchs in the Venice assemblage because they
are small, extremely labiolingually flattened, and
have a thin, square-shaped root base containing a
well-developed nutritive groove that can be
observed on both the labial and lingual root sur-

faces. However, in contrast to the larger, more
diagnostic lower teeth of Isistius, the more delicate
and less diagnostic upper jaw teeth are rarely
reported in the fossil record (Cappetta, 2012;
Perez and Marks, 2017). In fact, the upper tooth of
I. triangulus identified in this study represents the
first report of an upper tooth of I. triangulus known
globally. Previously, only a single upper tooth
attributed to I. aff. I. trituratus (Winkler, 1874) was
described from the Eocene of France (Adnet,
2006). The upper teeth of Isistius spp. can be dis-
tinguished from those of similar taxa, including
Dalatias and Somniosus, because they have
shorter more erect crowns and roots that are more
robust (Adnet, 2006; Cappetta, 2012).

Isistius triangulus iis only known from the Mio-
cene–Pliocene of Europe, North America, the
Caribbean, Central America, and South America
(Antunes and Jonet, 1970; Longbottom, 1979; Lau-
rito Mora, 1996; Adnet, 2006; Kriwet and Klug,
2009; Cappetta, 2012; Carillo-Briceño et al., 2014;
Pino, 2014; Perez and Marks, 2017; Szabó et al.,
2022, 2023). Upper and lower teeth of I. triangulus
can be distinguished from those of I. trituratus
because they typically have a more well-developed
nutritive groove that can be seen on both the lin-
gual and labial tooth surfaces and the tooth margin
may contain extremely faint serrations (Cappetta,
2012; Perez and Marks, 2017). Moreover, I. tritura-
tus teeth have only been reported from the Paleo-
cene–Eocene of Europe, Asia, Africa, and North
America (Adnet, 2006; Kriwet and Klug, 2009;
Cappetta, 2012; Staube et al., 2015). 

Presently, two extant species of Isistius are
recognized consisting of I. brasiliensis (Quoy and
Gaimard, 1824) and I. plutodus Garrick & Springer,
1964 (Castro, 2011; Ebert et al., 2021). Dental
characters that separate these taxa from I. triangu-
lus include crowns that are narrower and resemble
isosceles rather than equilateral triangles and roots
that are longer and more rectangular (Laurito
Mora, 1996; Cappetta, 2012; White and Last,
2013; Perez and Marks, 2017; Ebert et al., 2021;
Szabó et al., 2023). Both extant Isistius taxa have
been reported from tropical to subtropical locations
around the world; however, I. brasiliensis inhabits
water depths ranging from 3,700 m to the surface
and makes vertical migrations through the water
column, whereas I. plutodus seems to be restricted
to depths of 60–200 m (Kiraly et al., 2003; Zidowitz
et al., 2004; Castro, 2011; Ebert et al., 2021).
Despite differences in preferred bathymetry, the
overall similarities in tooth structure and feeding
habits of these sharks earned them the common
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name, cookiecutter sharks, and the status as the
only known ectoparasitic shark (Papastamatiou et
al., 2010; Castro, 2011; Wenzel and Suarez, 2012;
Ebert et al., 2021). These sharks possess the larg-
est teeth in proportion to the body size of any
known shark species and with their suctorial lips
attach themselves to prey items and twist off plugs
of flesh leaving behind crater-like wounds (Castro,
2011; Ebert et al., 2021). Cookiecutter sharks have
been documented attacking a variety of prey items
including large fish (Papastamatiou et al., 2010),
marine mammals (Wenzel and López Suarez,
2012), white sharks (Hoyos-Padilla et al., 2013),
squid (Strasburg, 1963), rubber sonar devices on
nuclear submarines (Compagno et al., 2005), and
humans (Minaglia and Liegl, 2024). 

In contrast to the upper teeth, the lower teeth
of Isistius spp. are interlocked, shed together (simi-
lar to those of Squalus spp.), and also self-ingested
possibly as a means of recycling calcium phos-
phate (Bigelow and Schroeder, 1948a; Strasburg,
1963; Ebert et al., 2021). The ingestion and recy-
cling of teeth by Isistius spp. also suggest that
these sharks may have been more abundant in
shallow marine depositional environments during
the late Cenozoic despite the infrequent occur-
rence of their teeth.

Order HETERODONTIFORMES Berg, 1937
Family HETERODONTIDAE Gray, 1851

Genus HETERODONTUS Blainville, 1816
Heterodontus sp.

Figure 4L–O
Referred specimen. One lateral molariform tooth
(UF-VP560807).
Description. The lateral molariform tooth mea-
sures 6.82 mm in height and 2.70 mm in width. The
tooth has a rectilinear appearance with a slightly
convex occlusal surface containing a centralized
transverse ridge and numerous pits and furrows.
The cusp is thicker than the root which it over-
hangs. The root base contains several foramina,
and the central portion is slightly concave.
Remarks. The anterior teeth of Heterodontus are
typically tricuspid with lateral cusplets that are
lower in height than the main cusp, whereas lateral
teeth are molariform. In this report, only a single
lateral tooth of Heterodontus was collected and
available for study. This lateral tooth differs from
similar molariform teeth in the Venice Elasmo-
branch Assemblage including those of Mustelus
sp., Rhinoptera cf. R. bonasus, and Myliobatis sp.,
because it has a furrowed and pitted occlusal sur-
face with a centralized transverse ridge and a root

base that is thin, centrally depressed, and contains
several foramina. 

Heterodontus taxa were more ubiquitous and
are known to have occurred since the Jurassic with
numerous fossil taxa having been identified from
isolated anterior and lateral teeth (e.g., Case,
1980; Laurito Mora, 1999; Cappetta, 2012; Partar-
rieu et al., 2018; Ebert et al., 2021). While many
reports of Heterodontus are left in open nomencla-
ture as Heterodontus sp. or H. cf. H. francisci, two
distinct taxa have been reported from the Mio-
cene–Pliocene of the Americas: H. janefirdae
Case, 1980 and H. uscarenesis Laurito Mora,
1999. Anterior teeth of H. janefirdae have a single
pair of large, spatulate cusplets, whereas anterior
teeth of H. uscarensis are reported to have as
many as two lateral cusplets that are relatively tall
compared to the main cusp. Similarly, the molari-
form lateral teeth of these taxa are reported to
exhibit strong ornamentation and transverse ridges
that are either mesially displaced or centrally
located with a prominent conical apex, respectively
(Case, 1980; Laurito Mora, 1999). The molariform
lateral tooth specimen of Heterodontus from Ven-
ice does not appear to be identical to H. janefirdae
or H. uscarensis but more similar to the teeth of H.
francisci (Girard, 1855) and H. mexicanus Taylor
and Castro-Aguirre, 1972, due to a centrally
located transverse ridge and well-developed occlu-
sal surface ornamentation (Herman et al., 1993;
Castro, 2011; Partarrieu et al., 2018; Ebert et al.,
2021). Despite these similarities, the prominence
of transverse ridges and occlusal surface orna-
mentation on molariform lateral teeth can vary
depending on the ontogenetic stage and functional
position of the tooth in the jaws of extant Hetero-
dontus spp. (Taylor, 1972; Herman et al., 1993).
Due to the infrequent occurrence of Heterodontus
teeth in the Venice Elasmobranch Assemblage and
the variability seen in the teeth of extant taxa, we
refrain from lower-level classification until addi-
tional specimens and comparative analysis are
conducted. 

There are presently nine extant species of
Heterodontus globally (Cappetta, 2012; Ebert et
al., 2021). No extant Heterodontus spp. are known
in the Gulf of Mexico or Atlantic Ocean, but two
taxa, the horn shark, H. francisci and Mexican horn
shark, H. mexicanus are recognized along the
shallow, rocky Pacific US and Mexican coasts
(Castro, 2011; Ebert et al., 2021). Predominantly
benthic taxa preferring rocky-reef substrates, horn
sharks are known to feed upon a variety of inverte-
brates including mollusks, crabs, sea urchins, and
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squid as well as small fish (Roedel and Ripley,
1950; Castro, 2011; Ebert et al., 2021).

Order ORECTOLOBIFORMES Applegate, 1972
Family GINGLYMOSTOMATIDAE Gill, 1862

Genus GINGLYMOSTOMA Müller and Henle, 
1837

Ginglymostoma cirratum (Bonnaterre, 1788)
Figure 4P–T

Referred specimens. Four teeth (figured tooth:
UF-VP560808 and additional teeth: UF-
VP560809–UF-VP560811).
Description. The largest tooth is 4.06 mm in
height and 4.15 mm in width and is symmetrical
with an erect central main cusp that is flanked by
three pairs of lateral cusplets. The labial and lin-
gual faces are smooth, and a rounded apron
extends below the crown-root interface on the
labial face. The root is hemiaulacorhizous and con-
tains a well-developed lingual protuberance. The
root base is flat and contains a well-defined, central
foramen within a channel-like furrow. 
Remarks. Teeth of Ginglymostoma cirratum can
be readily distinguished from those of other elas-
mobranchs in the Venice assemblage because
they are small but robust, contain multiple lateral
cusplets on both sides of the main cusp, and have
a flat root base containing a centrally located fora-
men within a furrow. Nebrius teeth differ from those
of G. cirratum by having a main cusp that is nearly
the same height and size as the cusplets (Cap-
petta, 2012). Teeth of Squatina sp. are also differ-
ent from those of G. cirratum by being thin, conical,
and smooth and having thin, widely separated root
lobes (Herman et al., 1992; Castro, 2011; Ebert et
al., 2021). Teeth of the Miocene taxon G. delfortriei
Daimeries, 1889, and extant taxon, G. unami Del
Moral-Flores et al., 2015, although very similar to
G. cirratum, have a noticeably triangular and erect
main cusp surrounded by reduced, coarse or fine
cusplets, respectively (Cappetta, 2012; Ebert et al.,
2021).

Presently the extant nurse shark, G. cirratum,
has a restricted range and occurs on the shallow
continental shelves on both sides of the tropical
and subtropical Atlantic Ocean and Gulf of Mexico.
This taxon is typically abundant all year round in
shallow waters in tropical Florida and the Carib-
bean and feeds upon a variety of small vertebrates
(primarily fish) and invertebrates (Castro, 2011;
Ebert et al., 2021).

Order LAMNIFORMES Berg, 1958
Family CARCHARIIDAE Stone and Shimada, 2019

Genus CARCHARIAS Rafinesque, 1810

Carcharias taurus Rafinesque, 1810
Figure 5A–L

Referred specimens. Nine teeth consisting of
three anterior, three anterolateral, one intermedi-
ate, and two symphyseal teeth (figured teeth: UF-
VP560812–UF-VP560816; additional teeth: UF-
VP560817–UF-VP560820).
Description. The largest tooth is an anterior tooth
that measures 34.81 mm in height and 15.18 mm
in width. Symphyseal, anterior, intermediate, and
lateral teeth have erect, slender main cusps that
widen toward to the base and are flanked by one or
two pairs of cusplets. Symphyseal teeth may con-
tain highly reduced cusplets. The labial face is
smooth and the lingual face may contain faint api-
cobasally oriented striations. In most specimens,
the cusp is curved lingually although the cusp apex
may curve labially giving the tooth a sigmoidal
appearance. The tooth roots are holaulacorhizous
and well-defined, and broadly spaced root lobes
occur in all but symphyseal teeth. Symphyseal
tooth roots are mesiodistally compressed and labi-
olingually thickened. Anterior tooth roots are thin
and round and may contain a flattened edge on the
basal-most portion of the root lobes. Anterolateral,
intermediate, and lateral teeth have wider root
lobes that are flattened labiolingually. A pro-
nounced lingual protuberance containing a nutritive
groove occurs on all tooth roots.
Remarks. The teeth of the sand tiger shark, Carch-
arias taurus, can be distinguished from those of I.
oxyrinchus, and lower teeth of H. serra in the Ven-
ice Elasmobranch Assemblage by the presence of
well-developed, narrow main cusps, lateral cus-
plets, and widely-spaced root lobes. Teeth of
Araloselachus (Carcharias) cuspidata (Agassiz,
1843) may also appear similar to those of C. tau-
rus; however, anterolateral teeth of A. cuspidata
have wider main cusps that lack lingual striations
and may contain irregular folds in the enameloid
margin near the crown-root interface on both the
labial and lingual face, have more robust roots, and
contain broad, flattened, spade-like lateral cusplets
(e.g., Purdy et al., 2001; Cappetta, 2012; Maisch et
al., 2015). Teeth from Odontaspis ferox (Risso,
1810) and O. noronhai (Maul, 1955) are also dis-
tinct from those of C. taurus because they contain
needle-like main cusps and multiple pairs of elon-
gated lateral cusplets or an elongated main cusp
with enameloid that connects with the lateral cus-
plets on the labial surface, respectively (Castro,
2011). Teeth assigned to C. acutissima (Agassiz,
1843) are similar to and may in fact be synony-
mous with those of C. taurus (Reinecke et al.,
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2011). Additional discussion on the classification of
C. taurus can be found in papers by Suárez et al.
(2006), Reinecke et al. (2011), Cappetta (2012),
and Stone and Shimada (2019).

Extensive literature exists on C. taurus in the
fossil record and modern oceans, although this
taxon is typically found in continental shelf waters
globally (Ebert et al., 2021). Currently, extant C.
taurus is less abundant in the Gulf of Mexico than
along the US Atlantic coast where it frequently
occurs around reefs and shipwrecks and feeds on
a variety of fish and invertebrates (Castro, 2011;
Ebert et al., 2021).

Family OTODONTIDAE Glikman, 1964
Genus OTODUS Agassiz, 1838

Otodus megalodon (Agassiz, 1835)
Figure 6A–L

Referred specimens. Five teeth consisting of two
anterior (UF-VP560821–UF-VP560822), one
anterolateral (UF-VP560823), and two posterior
teeth (UF-VP560824-UF-VP560825). 
Description. The largest specimen is an anterior
tooth that measures 90.44 mm in height and 61.25
mm in width. The main cusps of the anterior,
anterolateral, and posterior teeth have regular and
finely serrated tooth margins with convex labial
surfaces and slightly convex lingual surfaces. Lat-
eral cusplets are absent. Upper anterior teeth are
broad and triangular, whereas lower anterior teeth
have a slender and more pointed appearance.
Anterolateral and posterior (i.e., distally located lat-
eral) teeth are distally inclined which becomes

FIGURE 5. Lamniform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida continental
shelf. A–L, Carcharias taurus symphyseal (A–D; UF-VP560812), anterior (E–F; UF-VP560813), intermediate (G–H;
UF-VP560814), and anterolateral (I–L; UF-VP560815–UF-VP560816) teeth. Orientations = lingual: A, E, G, I, K; labial:
B, F, H, J, L; lateral: C, D. All scale bars = 1 cm.
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FIGURE 6. Lamniform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida continental
shelf. A–L, Otodus megalodon anterior (C–H; UF-VP560821–UF-VP560823), anterolateral (A–B; private collection of
Capt. B. Morrow), and posterior (I–L; UF-VP560824–UF-VP560825) teeth. Note possible feeding damage in E–F and
I–J. Orientations = lingual: A, C, E, G, I, K; labial: B, D, F, H, J, L. Scale bars: A–D = 5 cm; E–L = 1 cm.



PALAEO-ELECTRONICA.ORG

15

more pronounced distally. The anterior, anterolat-
eral, and posterior tooth roots are holaulacorhizous
with slightly convex lingual faces, slightly concave
labial faces, and lack nutritive grooves. Addition-
ally, root lobes become less developed distally.
Remarks. Large teeth frequently exceeding 5 cm
in crown height that contain fine, regular serrations
and lack lateral cusplets distinguish teeth of Oto-
dus megalodon from other taxa found in the Venice
Elasmobranch Assemblage including those of
Carcharodon carcharias, C. hastalis, and Paroto-
dus benedinii (e.g., Purdy et al, 2001; Bor et al.,
2012; Cappetta, 2012; Ehret et al., 2012; Kent,
2018). Globally, teeth belonging to O. megalodon
are recognized from Middle Miocene–Lower Plio-
cene deposits (Cappetta, 2012; Pimiento and Balk,
2015; Pimiento et al., 2016; Perez et al., 2017;
Boessenecker et al., 2019; Maisch et al., 2018,
2019a; Perez et al., 2021; Perez, 2022). Although
teeth of O. chubutensis contain distinct lateral cus-
plets and have been reported elsewhere along the
Atlantic Coastal Plain of the USA, this taxon is
known from Early–Middle Miocene deposits and
does not occur in the Late Miocene–Pliocene Ven-
ice Elasmobranch Assemblage (Perez et al., 2021;
Perez, 2022).

Numerous, recent studies on O. megalodon
have expanded our knowledge of the size (Perez
et al., 2021; Shimada, 2021; Shimada et al., 2020,
2021, 2022; 2025), morphology (Sternes et al.
2022, 2024), distribution (Herraiz et al., 2020; Shi-
mada et al., 2022), trophic ecology (Kast et al.,
2022; McCormack et al., 2022; 2025), thermophys-
iology (Griffiths et al., 2023), and extinction (Boess-
enecker et al., 2019; McCormack et al., 2022) of
this enigmatic, macropredatory shark. However,
despite our increased understanding of the spe-
cies, there is still much to be discovered about this
unique taxon and its ancestors. With particular ref-
erence to Florida and the Venice Elasmobranch
Assemblage, it has been suggested that this area
served as an O. megalodon nursery because teeth
belonging to smaller individuals (<5 cm in total
height) are frequently recovered in contrast to
those belonging to larger individuals (>5 cm in total
height) (i.e., Herraiz et al., 2020). However,
another explanation for the differences in tooth and
body sizes of O. megalodon individuals, seen in
various assemblages around the world is that the
fossil species may have exhibited Bergmann’s rule
and had different body sizes as a result of latitudi-
nal temperature gradients over time (Shimada et
al., 2022). Regardless, geochemical analyses of O.
megalodon tooth enameloid from various global

locations (including Venice, Florida) has shown
that this taxon was mesothermic and occupied an
extremely high tropic level (i.e., Kast et al., 2022;
Griffiths et al., 2023; McCormack et al., 2022;
2025). Additional discussions regarding the classi-
fication, paleogeographic distribution, body size
and morphology, and trophic ecology of O. megal-
odon can be found in papers by the following
authors: Hulbert (2001); Purdy et al. (2001);
Nyberg et al. (2006); Cappetta (2012); Ehret et al.
(2012); Pimiento et al. (2016); Pimiento and Clem-
ents (2014); Pimiento and Balk (2015); Perez et al.
(2019, 2021); Sternes et al. (2022, 2024); Poller-
spöck and Shimada (2024); and Shimada et al.
(2016, 2020, 2021, 2022, 2025). 

Genus PAROTODUS Cappetta, 1980
Parotodus benedinii (Le Hon, 1871)

Figure 7A–C
Referred specimen. One lateral tooth (UF-
VP560835).
Description. The cusp of the lateral tooth is
robust, has a D-shaped cross-section, hook-like
distal curvature, smooth and flat labial face, and
convex lingual face. The cutting edges are com-
plete and no lateral cusplets or serrations are pres-
ent. The tooth measures 57.39 mm and 34.23 mm
in maximum length and width, respectively. The
root of the tooth is holaulacorhizous, very robust
with basally oriented and rounded root lobes, and
contains a large lingual protuberance lacking a
nutritive groove.
Remarks. The presence of thick and robust, non-
serrated teeth with a distinct hook-like distal curva-
ture distinguishes those of P. benedinii from other
taxa in the Venice Elasmobranch Assemblage,
including C. hastalis, C. carcharias, and O. megal-
odon. To date, the most complete and associated
dentition of P. benedinii consists of 114 teeth and
was described by Kent and Powell (1999) from the
Pliocene Yorktown Formation at the Nutrien (PCS/
Lee Creek) Phosphate Mine. Teeth from this denti-
tion were shown to exhibit unique morphology and
placement within the jaws thereby reinforcing the
placement of this taxon within its own genus. It has
also been suggested that Parotodus diverged from
Otodus and underwent increases in body size
across the Cenozoic (Cappetta, 2012). In the Ven-
ice Elasmobranch Assemblage and contempora-
neous deposits around the world, teeth belonging
to P. benedinii are less frequently recovered than
those of O. megalodon, and C. hastalis (e.g., Bor
et al., 2012; Cappetta, 2012; Maisch et al., 2018;
Collareta et al., 2023).
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Family LAMNIDAE Müller and Henle, 1838
Genus ISURUS Rafinesque, 1810

Isurus oxyrinchus Rafinesque, 1810
Figure 7D–E

Referred specimens. Two fragmentary anterior
teeth (figured tooth: UF-VP560826 and additional
tooth: UF-VP560827).

Description. The figured anterior tooth is 26.26
mm in height and 11.26 mm in width. The cusp of
anterior teeth is erect, angled distally, curved in the
lingual direction, and has smooth labial and lingual
faces. The anterior tooth roots, although fragmen-
tary, are holaulacorhizous. 
Remarks. The extant shortfin mako, I. oxyrinchus,
is typically pelagic, preys upon a variety of verte-
brates, and has a global distribution in temperate,

FIGURE 7. Lamniform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida continental
shelf. A-C, Parotodus benedinii anterior tooth (UF-VP560835). D-E, Isurus oxyrinchus anterior tooth (UF-VP560826).
F-G, Carcharodon carcharias upper anterior tooth (UF-560828). Carcharodon hastalis upper anterolateral (H-K, UF-
VP560829-UF-VP560830) and lower anterolateral (L-O, UF-VP560831-UF-VP560832) teeth. Orientations = lingual:
A, D, F, H, J, L, N; labial: C, E, G, I, K, M, O; lateral: B. All scale bars = 1 cm.
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tropical, and subtropical waters (Castro, 2011;
Ebert et al., 2021). Despite mild heterodonty, I.
oxyrinchus lacks broad, triangular, blade-like ante-
rior teeth, robust lower anterior teeth, and lateral
cusplets which distinguishes them from other simi-
lar teeth found in the Venice Elasmobranch
Assemblage including those belonging to Carcha-
rias taurus, Carcharodon hastalis, and Hemipristis
serra (Purdy et al., 2001; Bor et al., 2012; Cap-
petta, 2012). Anterior teeth of I. paucus Guitart-
Manday (1966) are more robust and exhibit less
labial recurvature of the main cusp, whereas lateral
teeth are more lobate and less labiolingually flat-
tened than those of I. oxyrinchus. Additionally,
comparative analyses between composite denti-
tions and modern tooth sets of I. oxyrinchus with
fossil teeth previously identified as I. desori Agas-
siz, 1843, indicated they are morphologically indis-
tinguishable (e.g., Purdy et al., 2001; Reinecke et
al., 2011; Bor et al., 2012). The teeth identified as I.
oxyrinchus in the Venice Elasmobranch Assem-
blage are identical to those reported by Purdy et al.
(2001), Reinecke et al. (2011), Bor et al. (2012),
and Maisch et al. (2015).
Genus CARCHARODON Müller and Henle, 1838

Carcharodon carcharias (Linnaeus, 1758)
Figure 7F–G

Referred specimen. One fragmentary upper
anterolateral tooth (UF-VP560828).
Description. The main cusp of the upper antero-
lateral tooth is thin with nearly flat lingual and labial
faces. The tooth, although fragmentary, measures
34.64 mm and 16.33 mm in maximum length and
width, respectively. The cusp has an irregular and
coarsely serrated tooth margin and shows a slight
distal inclination.
Remarks. The thin, nearly flat, blade-like morphol-
ogy, presence of irregular, coarse serrations, and
thin, rectilinear root in upper anterolateral teeth dis-
tinguish those of Carcharodon carcharias, the
white shark, from other similar teeth also found in
the Venice Elasmobranch Assemblage including C.
hastalis and O. megalodon. Although C. hastalis
teeth are similar in size and shape to those of C.
carcharias, C. hastalis teeth lack serrations (e.g.,
Purdy et al, 2001; Cappetta, 2012; Cione et al.,
2012; Ehret et al., 2012). Teeth of Isurus subserra-
tus (Agassiz, 1843) (formerly Carcharomodus
escheri and identified as Cosmopolitodus hastalis
by Purdy et al., 2001, p. 118) have been proposed
to represent a transitional form between C. hastalis
and C. carcharias or a distinct taxon that evolved
from I. oxyrinchus (e.g., Ehret et al., 2009, 2012;
Cappetta, 2012; Kriwet et al., 2015; De Schutter et

al., 2021). To date, teeth resembling those of I.
subserratus have not been found in Venice; how-
ever, they can be identified based on the presence
of broad, triangular crowns with faint, irregular ser-
rations (Purdy et al., 2001; Cappetta, 2012; De
Schutter et al., 2021). Numerous reports indicate
that C. carcharias likely evolved from C. hastalis,
but this view is not followed by all researchers
(e.g., Casier, 1954; De Muizon and De Vries, 1985;
Nyberg et al., 2006; Cappetta, 2012). Additional
discussions regarding the classification of C.
carcharias and similar related taxa can be found in
papers by Applegate and Espinosa-Arubarrena
(1996); Hulbert (2001); Purdy et al. (2001); Nyberg
et al. (2006); Cione et al. (2012); Ehret et al.
(2012); Cappetta (2012); Staig et al. (2015); Eber-
sole et al. (2017); Landini et al. (2017a); Kent
(2018).

Extant C. carcharias occurs in coastal–off-
shore waters globally and frequently aggregates
near rocky coastlines harboring seal populations
(Compagno et al., 2005; Ebert et al., 2021). The
distribution and behavior of C. carcharias in the
Gulf of Mexico are poorly understood (Adams et
al., 1994; Castro, 2011).

Carcharodon hastalis (Agassiz, 1838)
Figure 7H–O

Referred specimens. Six teeth consisting of three
upper anterolateral and three lower anterolateral
teeth (figured teeth: UF-VP560829–UF-VP560832
and additional teeth: UF-VP560833–UF-
VP560834).
Description. The main cusps of upper anterolat-
eral teeth have labially recurved apices, are broad
and triangular, exhibit convex lingual faces and
slightly convex to flat labial surfaces, and smooth
tooth margins. The largest upper anterolateral
tooth measures 38.36 mm in length and 26 mm in
width. Lower anterior teeth have cusps with slen-
der, convex labial surfaces, nearly flat lingual sur-
faces, and labiolingually thickened. The largest
lower anterolateral tooth measures 34.72 mm in
length and 22.17 mm in width. The anterolateral
tooth roots are holaulacorhizous and a nutritive
groove with foramina may be present. Lower
teeth have wider roots with well-defined, divergent
root lobes, in contrast to those of upper anterolat-
eral teeth that are thinner and more labiolingually
compressed.
Remarks. The triangular, blade-like anterior tooth
morphology, labial recurvature of tooth apices, and
absence of serrations distinguish teeth of C. hasta-
lis from those of other taxa found in the Venice
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Elasmobranch Assemblage including C. carcharias
and I. oxyrinchus. Traditionally, these teeth were
identified as Isurus hastalis; however, more recent
studies have questioned the phylogeny of “hasta-
lis” and recognized multiple tooth morphotypes. In
particular, narrow and broad-toothed forms of
“hastalis” have been proposed to represent onto-
genetic variation, sexual dimorphism, or evolution-
ary change in tooth morphology and increase in
tooth size from the Middle Miocene–Pliocene, or
separate species (Leriche, 1926; Van den Bosch et
al., 1975; Van den Bosch, 1978; Purdy al., 2001;
Whitenack and Gottfried, 2010; Cione et al., 2012;
Landini et al., 2017a; Kent, 2018). Different views
on the evolutionary relationship between “hastalis”
and Carcharodon carcharias have also led to com-
plications in the taxonomic classification of this
taxon and “hastalis” teeth have been placed in one
of three genera including Carcharodon (e.g., Ehret
et al., 2009; 2012; Cione et al., 2012; Staig et al.,
2015; Boyd, 2016; Maisch et al., 2018; Perez,
2022), Cosmopolitodus (e.g., Glickman, 1964;
Ward and Bonavia, 2001; Bor et al., 2012; Cap-
petta, 2012; Betancort et al., 2016; Ebersole et al.,
2017; Collaretta et al., 2017a; Landini et al.,
2017a), or Isurus (e.g., Uyeno et al., 1990; Apple-
gate and Espinosa-Arrubarrena, 1996; Purdy et al.,
2001; Nyberg et al., 2006; Takakuwa, 2014).

Another complication in the proper taxonomic
placement of “hastalis” derives from weakly and
irregularly serrated teeth such as Isurus subserra-
tus (Carcharomodus escheri (Agassiz, 1843)) and
Carcharodon hubbelli (Ehret et al., 2012), that are
known from late Miocene and early Pliocene strati-
graphic horizons. These species have been inter-
preted to represent either transitional taxa between
“hastalis” and C. carcharias, therefore suggesting a
gradual, chronospecific evolutionary lineage or dis-
tinct species not directly related to C. hastalis (e.g.,
De Muizon and De Vries, 1985; Nyberg et al.,
2006; Ehret et al., 2009, 2012; Cione et al., 2012;
Cappetta, 2012; Kriwet et al., 2015; De Schutter et
al., 2021). We follow Ehret et al. (2012) and identify
these teeth as Carcharodon hastalis in the Venice
Elasmobranch Assemblage. Additional discussions
regarding the classification and paleogeographic
distribution of Carcharodon hastalis and similar
related taxa can be found in papers by Uyeno et al.
(1990); Hulbert (2001); Purdy et al. (2001); Nyberg
et al. (2006); Bor et al. (2012); Cappetta (2012);
Ehret et al. (2009, 2012); Staig et al. (2015); Shi-
mada et al. (2016); Ebersole et al. (2017); Collar-
eta et al. (2017a); Landini et al. (2017a); Kent
(2018); and Maisch et al. (2018).

Order CARCHARHINIFORMES Compagno, 1973
Family SCYLIORHINIDAE Gill, 1862

Genus SCYLIORHINUS Blainville, 1816
Scyliorhinus sp.

Figure 8A–O
Referred specimens. Three teeth (UF-
VP560836–UF-VP560838).
Description. The largest tooth is an anterior tooth
measuring 3.12 mm in height and 2.88 mm in
width. The cusp is erect, contains two reduced lat-
eral cusplets, and is displaced lingually. The lingual
face is slightly convex, whereas the labial face is
noticeably convex. The root is robust and has a flat
base with a deep nutritive groove.
Remarks. Teeth of Scyliorhinus sp. in the Venice
Elasmobranch Assemblage may appear similar to
the anterior teeth of Heterodontus sp., but they
possess lateral cusplets that are shorter and less
robust. The teeth of S. boa Goode and Bean, 1896,
are triangular with multiple cusplets and have a
broad, triangular root base (Castro, 2011). Teeth
belonging to S. hesperius Springer, 1966, are simi-
lar to those of S. boa; however, they have larger
primary cusplets, whereas those of S. retifer (Gar-
man, 1881) have a single pair of cusplets and a tri-
angular root base. Teeth of Triaenodon obesus
(Rüppel, 1837) may also appear similar to those of
Scyliorhinus sp., but upper teeth are small with
needle-like main cusps and have cusplets that are
connected to the enameloid of the main cusp (Cas-
tro, 2011; Ebert et al., 2021). Of these taxa, teeth of
the chain dogfish, S. retifer, appear most similar to
those of Scyliorhinus sp. in the Venice Elasmo-
branch Assemblage. However, we refrain from
species-level taxonomic identification because
teeth from this taxon are uncommon, only three
teeth were collected and available for study, and
uncertainties exist regarding intraspecific variation
in tooth morphology across Scyliorhinus spp. Many
extant Scyliorhinus taxa are currently known from
the Gulf of Mexico and Caribbean region, but most
occur in deeper continental shelf and slope waters
(Castro, 2011; Ebert et al., 2021).

Family TRIAKIDAE Gray, 1851
Genus MUSTELUS Linck, 1790

Mustelus sp.
Figure 8P–Y

Referred specimens. Four teeth (figured teeth:
UF-VP560839–UF-VP560840 and additional teeth:
UF-VP560841–UF-VP560842).
Description. The largest tooth is 2.49 mm in
height and 1.29 mm in width. The occlusal face is
weakly convex, has a distinct longitudinal ridge that
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FIGURE 8. Carcharhiniform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida conti-
nental shelf. A–O, Scyliorhinus sp. (UF-VP560836–UF-VP560838). P–Y, Mustelus sp. molariform teeth (UF-
VP560839–UF-VP560840). Z–AA, Galeorhinus sp. lateral tooth (UF-VP560843). BB–GG, Hemipristis serra upper lat-
eral (BB–CC; UF-VP560844), upper anterolateral (DD–EE; UF-VP560845); and lower anterior (FF–GG; UF-
VP560846) teeth. Orientations = lingual: A, F, K, P, U, Z, BB, DD, FF; labial: B, G, L, Q, V, AA, CC, EE, GG; lateral: C,
H, M, R, W; occlusal: D, I, N, S, X; basal: E, J, O, T, Y. Scale bars: A–E, Z–AA = 2 mm, F–Y = 1 mm; BB–GG = 5 mm.
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is mesodistally oriented, and overhangs the root
base. The labial face contains faint furrows near
the crown-root interface, whereas the lingual face
contains a distinct central uvula. The tooth root is
typically very thin and contains a central nutritive
furrow on the basal surface. 
Remarks. The teeth of Mustelus sp. in the Venice
Elasmobranch Assemblage can be differentiated
from those of Heterodontus, Rhynchobatus, Rhino-
batos, and Hypanus based on the presence of an
ovular shape, occlusal surface ridge, furrows near
the crown-root interface, and thin roots. Currently,
many Mustelus taxa are known from the Atlantic
and Gulf Coastal Plains of the USA and along
western North America, Central America, and
South America (Castro, 2011; Ebert et al., 2021).
These taxa typically inhabit various bathymetries
and have teeth that are morphologically similar
(Castro, 2011; Ebert et al., 2021). Teeth of M. albip-
innis Castro-Aguirre et al., 2005 have centrally
elongated crowns that are conical in shape,
whereas those of M. norrisi Springer, 1939, are flat-
tened in the apicobasal direction, have rhombus to
diamond-shaped occlusal surfaces that are low
cusped in the upper jaw and slightly convex in the
lower jaw (Castro, 2011). The teeth of M. canis
(Mitchill, 1815) are rhomboidal–trilobate in outline
and have raised central portions surrounded by
faint ridges and grooves near the root base (Cas-
tro, 2011; Ebert et al., 2021). Upper teeth of M.
sinusmexicanus Heemstra, 1997, have a slightly
convex occlusal surface with a central ridge and
may have a lobate appearance in contrast to lower
teeth that are relatively flat or weakly convex (Cas-
tro, 2011). Mustelus dorsalis Gill, 1864, teeth have
a conical main cusp atop a rounded–ovular root
base and appear similar to those of M. higmani
Springer and Lowe, 1963, that also exhibit scal-
loped enamaloid at the crown-root interface (Ebert
et al., 2021). Similarly, teeth of M. henlei Gill, 1863,
can be distinguished from those of Mustelus sp. in
the Venice Elasmobranch Assemblage because
they have distinct cusps, tooth shoulders, and a
visible nutritive groove (Ebert et al., 2021). The
teeth of Mustelus sp. in the Venice Elasmobranch
Assemblage appear most similar to those of the
smooth dogfish, M. canis, the Florida dogfish, M.
norrisi, and the gulf smooth houndshark, M. sinus-
mexicanus. As a result, we refrain from species-
level identification due to similarities in tooth mor-
phology and uncertainties in dental variation
related to ontogenetic and sexual heterodonty in
these Mustelus taxa.

Presently, the distributions of these extant
taxa are as follows: the smooth dogfish, M. canis,
occurs in the western Atlantic and is seasonally
abundant in southern regions during the winter
(Dodrill, 1977; Heemstra, 1997; Castro, 2011), the
Florida dogfish, M. norrisi, occurs from the Gulf of
Mexico to Brazil and is seasonally abundant along
the Florida coast (Clark and von Schmidt, 1965;
Heemstra, 1997; Castro, 2011), and the gulf
smooth houndshark, M. sinusmexicanus, is known
from the Gulf of Mexico but the limits of its distribu-
tion are unknown (Heemstra, 1997; Castro, 2011).
The maximum size for these taxa ranges between
100 and 150 cm, and all are known to be opportu-
nistic bottom feeders that prey upon a variety of
invertebrates (e.g., crabs, shrimp, lobster, worms)
and small fish (Heemstra, 1997; Castro, 2011).

Genus GALEORHINUS Blainville, 1816
Galeorhinus sp.
Figure 8Z–AA

Referred specimens. One tooth (UF-VP560843).
Description. The tooth is labiolingually com-
pressed and measures 7.33 mm in height and 6.19
mm in width. The cusp is distally inclined with a
nearly straight, smooth mesial margin and a
coarsely serrated distal margin. The root is labiolin-
gually compressed, and a weakly defined nutritive
groove is present on the lingual surface.
Remarks. The teeth of Galeorhinus sp. appear
very similar to those of Hemipristis serra that also
occur in the Venice Elasmobranch Assemblage;
however, they have a nearly straight, smooth
mesial margin, thinner roots, and smaller overall
size. The upper anterior teeth of Paragaleus differ
from those of Galeorhinus because they have a
more mesiodistally compressed cusp that has a
straight mesial edge and are much smaller in size.
Similarly, Hemigaleus teeth differ from those of
Galeorhinus because they have a prominent nutri-
tive groove on the lingual root surface. While the
teeth of Galeorhinus sp. in the Venice Elasmo-
branch Assemblage bear some resemblance to
those of the extant taxon, G. galeus (Linnaeus,
1758), they are mesiodistally wider and do not
exhibit a concave mesial margin. Presently, the
extant school shark, G. galeus, occurs along the
western coast of the USA and Mexico, but this
taxon has not been reported in the Gulf of Mexico
or along eastern North America (Castro, 2011;
Ebert et al., 2021).

Family HEMIGALEIDAE Hasse, 1879
Genus HEMIPRISTIS Agassiz, 1835
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Hemipristis serra Agassiz, 1835
Figure 8BB–GG

Referred specimens. Four teeth consisting of
three upper anterolateral and one lower anterior
tooth (figured teeth: UF-VP560844–UF-VP560846
and additional tooth: UF-VP560847).
Description. The largest upper anterolateral tooth
measures 36.81 mm in height and 24.54 mm in
width. The cusps of upper anterolateral teeth are
triangular, coarsely serrated, and distally inclined.
Serrations on the distal margin are larger than
those on the mesial margin and increase in size
toward the cusp apex but terminate slightly below
the apex. The roots of upper anterolateral teeth are
holaulacorhizous, tall, and have well-developed lin-
gual protuberances containing nutritive grooves.
The mesial root branches are flatter and taper to a
point, whereas the distal branches have rounded
lobes. The cusp of the lower anterior tooth is long,
robust, sigmoidal, and bent lingually. The lower
tooth margin is smooth, and the cutting edge is lim-
ited to the apical portion of the cusp. A pair of
short, irregular lateral cusplets occurs on the distal
and mesial tooth shoulders. The root of the lower
anterior tooth is holaulacorhizous, and mesiodis-
tally compressed, and contains a robust lingual
protuberance. 
Remarks. Teeth of H. serra display strong dig-
nathic heterodonty allowing distinction between
upper and lower jaw positions where upper teeth
are broad, coarsely serrated, distally inclined, and
contain relatively thin roots in contrast to lower
teeth that are narrow and erect and have thicker
roots with a more well-developed lingual protuber-
ance (Purdy et al, 2001; Cappetta, 2012). In partic-
ular, upper anterolateral teeth are distally-hooked,
contain coarse serrations that increase in size
towards the cusp apex on the distal margin, and
have thin roots with lingual protuberances and are
in direct contrast to lower anterior teeth that have
slender cusps and robust roots (Purdy et al., 2001;
Cappetta, 2012; Kent, 2018). These distinct tooth
morphologies distinguish H. serra from other simi-
lar teeth also found in the Venice Elasmobranch
Assemblage including Galeorhinus sp., Galeoc-
erdo aduncus Agassiz, 1843, and Galeocerdo
cuvier (Perón and Lesueur, 1822). Teeth of Prion-
ace glauca (Linnaeus, 1758) (i.e., Carcharhinus
glaucus (Linnaeus, 1758), Sensu da Silva
Rodrigues-Filho et al., 2023) may also appear sim-
ilar to those of H. serra although they exhibit finer
serrations and less distal inclination, and lower
teeth are more triangular (Castro, 2011; Ebert et
al., 2021). The Eocene species, H. curvatus

Dames, 1883, has upper teeth with serrations that
increase in size towards the cusp apex on both the
mesial and distal tooth margins (Cappetta, 2012).
Upper teeth from the extant taxon H. elongata
(Klunzinger, 1871) are typically more elongate,
have finer serrations, and are mesiodistally thinner
than those of H. serra. 

Hemipristis serra is an extinct taxon that had a
nearly global, mid-latitudinal distribution during the
middle to late Cenozoic and increased in size
between the Miocene and Pliocene prior to its
extinction in the Pleistocene (Purdy et al., 2001;
Chandler et al., 2006; Cappetta, 2012; Lin et al.,
2022). However, presently only a single extant spe-
cies, H. elongata, is known from inner continental
shelf habitats in the Indo-Pacific and feeds on
cephalopods and a variety of fish (Ebert et al.,
2021).

Family GALEOCERDONIDAE Poey, 1875
Genus GALEOCERDO Müller and Henle, 1838

Galeocerdo aduncus Agassiz, 1843
Figure 9A–H

Referred specimens. Four teeth of which two
teeth represent the broad-toothed form (UF-
VP560848–UF-VP560849) and two teeth repre-
sent the narrow-toothed form (UF-VP560850–UF-
VP560851).
Description. Teeth have two distinct morpholo-
gies: 1) a broad form (Figure 9A–D) and 2) a nar-
row form (Figure 9E–H). The largest tooth
representing the broad-toothed form measures
16.64 mm in length and 19.24 mm in width,
whereas the largest tooth representing the narrow-
toothed form measures 20.96 mm in length and
20.57 mm in width. The crown of the narrow-
toothed form has fine serrations with a flat labial
face and a convex lingual face. The cusp is angled
distally, and a weakly developed distal notch sepa-
rates the main cusp from the distal shoulder that
contains coarse, compound serrations. Teeth of the
broad-toothed form are wider and shorter with
coarse, simple, and irregular serrations on the
mesial and distal cutting edges. The distal shoulder
is separated from the main cusp by a notch and
contains large, compound serrations. The tooth
roots are holaulacorhizous and more exposed on
the lingual side with a short nutritive groove.
Remarks. Teeth of G. aduncus may appear similar
to those of G. cuvier, G. mayumbensis, and
Physogaleus contortus that also occur in the Ven-
ice Elasmobranch Assemblage; however, they can
be distinguished on the basis of having broad- and
narrow-toothed forms that only have compound
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FIGURE 9. Carcharhiniform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida conti-
nental shelf. Galeocerdo aduncus broad-toothed form (A–D, UF-VP560848–UF-VP560849) and narrow-toothed form
(E–H, UF-VP560850–UF-VP560851). I–L, Galeocerdo mayumbensis (UF-VP560852–UF-VP560853). M–P, Galeoc-
erdo cuvier (UF-VP560854–UF-VP560855). Q–T, Physogaleus contortus (UF-VP560856–UF-VP560857). Orienta-
tions = lingual: A, C, E, G, I, K, M, O, Q, J; labial: B, D, F, H, J, L, N, P, R, T. Scale bars: A–B, E–F, I–N = 1 cm; C–D,
G–H, O–T = 5 mm.
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serrations on the distal margin (Cappetta, 2012;
Kent, 2018; Maisch et al., 2018; Türtscher et al.,
2021). In light of these recent studies, we identify
teeth belonging to three Galeocerdo taxa in the
Venice Elasmobranch Assemblage: 1) the narrow-
and broad-toothed forms of G. aduncus with com-
pound serrations on only the distal margin; 2) G.
mayumbensis for broad teeth with steeply inclined,
coarsely serrated distal shoulders; and 3) G. cuvier
for large, broad teeth with a distinct distal shoulder
and compound serrations on all margins. The dis-
tinction between G. aduncus and G. cuvier on the
basis of compound serration abundance and loca-
tion was presented by Kent (2018) who also identi-
fied the broad and narrow tooth morphologies of G.
aduncus (resembling G. cuvier and P. contortus,
respectively) from the Miocene Calvert Cliffs of
Maryland, USA. Other researchers have sug-
gested that the teeth of G. aduncus and P. contor-
tus may represent sexual dimorphism or upper and
lower jaw teeth (i.e., dignathic heterodonty) of the
same species (Applegate, 1978, 1992; Ward and
Bonavia, 2001; Türtscher et al., 2021). However,
some European Miocene localities are known to
contain an abundance of the broad-toothed form of
G. aduncus and lack or infrequently contain teeth
identified as P. contortus (Reinecke et al., 2011;
Bor et al., 2012; Cappetta, 2012). Broad G. adun-
cus teeth appear very similar to those of G. cuvier
but are typically smaller in size, lack compound
serrations on the main cutting edges, and are com-
monly reported from the early to Middle Miocene–
Mio/Pliocene boundary, whereas those of G. cuvier
have been primarily reported since the Pliocene for
teeth with compound serrations on all margins.
Similarly, narrow G. aduncus teeth closely resem-
ble those of P. contortus and both taxa are known
to occur in the Miocene (Kent, 2018; Türtscher et
al., 2021). Kent (2018) distinguished between the
narrow-toothed and broad-toothed forms of G.
aduncus and P. contortus on the basis that: 1) nar-
row teeth of G. aduncus contain coarse, compound
serrations on the distal heel and have a less sig-
moidal profile; 2) broad teeth of G. aduncus resem-
ble those of G. cuvier but lack compound serrations
on the distal margin; and 3) teeth of P. contortus
have thickened roots and crowns that are sig-
moidal with comparatively finer serrations along
the entire tooth margin. These interpretations were
supported by the recent morphometric analyses of
Türtscher et al. (2021). As a result, we identify
teeth belonging to both the narrow and broad-
toothed forms of G. aduncus in the Venice Elasmo-
branch Assemblage. We also note that the distribu-

tion of G. aduncus is likely more widespread than
presently recognized because many prior studies
in Florida and the USA have identified the narrow-
toothed forms of G. aduncus as P. contortus (e.g.,
Perez, 2022). Additional information on the taxon-
omy of Galeocerdo and Physogaleus species can
be found in the work by Cappetta (2012), Kent
(2018), and Türtscher et al. (2021).

Galeocerdo mayumbensis 
Darteville and Casier, 1943

Figure 9I–L
Referred specimens. Two teeth (UF-VP560852–
UF-VP560853).
Description. The largest tooth measures 23.18
mm in height and 27.20 mm in width. The tooth
crown is broad and erect. Both the lingual and
labial faces are convex, and tooth serrations are
compound. The distal shoulder is not well-devel-
oped or separated from the main crown, is steeply
inclined, and contains noticeably coarser serra-
tions. Coarse serrations also occur on the lower
and central portion of the mesial cutting edge
which is curved outwards. The tooth root is holoau-
lachorhizous and weakly separated. The labial root
surface is slightly concave, and the lingual root sur-
face is convex and contains a short nutritive
groove. 
Remarks. The presence of a broad crown, steeply
inclined distal shoulder, and coarse serrations on
the curved mesial cutting edge and distal shoulder
distinguishes teeth of G. mayumbensis from other
similar teeth also found in the Venice Elasmo-
branch Assemblage including those of G. aduncus
and G. cuvier. Teeth of G. mayumbensis were pre-
viously assigned to G. aduncus (e.g., Cigala-Ful-
gosi and Mori, 1979; Marsili et al., 2007); however,
the validity of this taxon was confirmed by Andri-
anavalona et al. (2015) and Türtscher et al. (2021).
Although the teeth of G. mayumbensis are fre-
quently confused with those of G. cuvier because
they are commonly found in the same deposits and
are similar in size, the presence of a steeply
inclined distal shoulder with coarse serrations can
be used to distinguish G. mayumbensis from G.
cuvier. In contrast to the teeth of G. cuvier and G.
aduncus, those of G. mayumbensis are relatively
uncommon in the Venice Elasmobranch Assem-
blage and are instead more frequently collected in
central Florida (HMM personal observation).
According to Türtscher et al. (2021), G. mayumben-
sis is known from the Early Miocene–Mio/Pliocene
boundary.
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Galeocerdo cuvier (Perón and Lesueur, 1822)
Figure 9M–P

Referred specimens. Two teeth (UF-VP560854–
UF-VP560855).
Description. The largest lateral tooth measures
17.70 mm in height and 22.00 mm in width. The
crown of the lateral tooth is smooth with a flat labial
surface and convex lingual surface. The cusp is
angled distally and contains a distinct distal notch
that separates the main cusp from the distal shoul-
der. All tooth margins contain well-developed, com-
pound, and coarse serrations that decrease in size
towards the cusp apex. The lateral tooth root is
holaulacorhizous, robust, and more exposed on
the lingual surface where a nutritive groove is pres-
ent. 
Remarks. The presence of coarse, compound ser-
rations on all tooth margins, a thick root with a lin-
gual protuberance containing a shallow nutritive
groove, and a larger overall size distinguishes
teeth of the tiger shark, G. cuvier, from other similar
teeth also found in the Venice Elasmobranch
Assemblage including those of H. serra, G. adun-
cus, and G. mayumbensis (Bor et al., 2012; Cap-
petta, 2012; Kent, 2018). At the PCS Phosphate
Mine, Purdy et al. (2001) identified similar teeth as
G. cf. G. cuvier on the basis that some basal and
apical mesial cutting edges are straight creating an
obtuse angle that is usually only seen in juveniles
and not adults of the modern species. The teeth of
G. aduncus appear very similar to those of G.
cuvier; however, teeth from this taxon are smaller
in size, only have compound serrations on the dis-
tal shoulder, have two tooth morphotypes, and are
commonly reported from the Oligocene–Mio/Plio-
cene boundary (Cappetta, 2012; Maisch et al.,
2015, 2018; Kent, 2018; Türtscher et al., 2021).
Teeth of G. mayumbensis may appear similar to
those of G. cuvier because they are robust and
contain coarse, compound serrations; however,
they typically have taller crowns, straight to weakly
concave distal shoulders, and weakly separated
root lobes (e.g., Andrianavalona et al., 2015;
Türtscher et al., 2021).

Of the Galeocerdo taxa represented in the
Venice Elasmbranch Assemblage, teeth of G.
cuvier are the most frequently collected. Although
typically reported from the Late Miocene/Mio–Plio-
cene boundary, G. cuvier has also been identified
from the Middle Miocene of Hungary (Szabó et al.,
2023) and Florida (Türtscher et al., 2021). The
Hungarian report of G. cuvier from the Middle Mio-
cene is represented by a single, fragmentary tooth
residing in a private collection (Szabó et al., 2023,

p. 59), whereas 37 teeth reposited in publicly
accessible museum collections were analyzed
from Florida (Türtscher et al., 2021). The majority
of the teeth analyzed from Florida were collected
from phosphate mines and adjacent waterways in
Polk, Hardee, and DeSoto counties. In this region,
varying amounts of erosion and reworking have
occurred, and most of these fossil assemblages
derive from the Late Miocene and Miocene–Plio-
cene-aged Peace River Formation and Bone Val-
ley Member of the Peace River Formation.
Additionally, a specimen identified as G. cuvier and
utilized by Türtscher et al. (2021) was reported
from the “Arcadia River, Florida” for which there is
no such location. However, the Peace River, a well-
known fossil-bearing waterway in central Florida,
does run through the town of Arcadia, and this
specimen may have derived from here. As a result
of the complex stratigraphy, erroneous locality
information of at least one proposed Middle Mio-
cene G. cuvier tooth specimen from central Florida,
and privately held specimens from Hungary, the
validity of G. cuvier occurring in the Middle Miocene
requires additional study that is beyond the scope
of this report. Additional information on the taxon-
omy of Galeocerdo and Physogaleus species can
be found in work by Cappetta (2012), Kent (2018),
and Türtscher et al. (2021).

Extant G. cuvier is known in shallow marine
deposits since the Late Miocene (and potentially
the Middle Miocene: i.e., Türtscher et al., 2021;
Szabó et al., 2023). This taxon has a global distri-
bution although it is most frequently reported in
temperate and tropical continental shelf regions
where it is known to be an opportunistic predator
that feeds upon a variety of vertebrates including
fish, elasmobranchs, turtles, and marine mammals
(e.g., Dudley et al., 2000; Compagno et al., 2005;
Wirsing et al., 2007; Castro, 2011; Aines et al.,
2018; Ebert et al., 2021; Türtscher et al., 2021).

Genus PHYSOGALEUS Cappetta, 1980
Physogaleus contortus (Gibbes, 1849)

Figure 9Q–T
Referred specimens. Two lateral teeth (UF-
VP560856–UF-VP560857).
Description. The largest lateral tooth measures
17.19 mm in height and 20.35 mm in width. The
main cusp is smooth with a flat labial face and con-
vex lingual face, angled distally, and has a sig-
moidal profile. The distal tooth margin contains a
weakly developed distal notch and serrated shoul-
der. Serrations on tooth margins are fine, with
those of the distal shoulder becoming slightly
coarser, and compound serrations are not present.
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The tooth root is holaulacorhizous and contains a
nutritive groove in the center of a robust lingual
protuberance, and a greater root surface area is
exposed on the lingual surface.
Remarks. The presence of an elongated cusp with
a sigmoidal profile, finely serrated tooth margins,
and a robust root bearing a lingual protuberance
with nutritive groove distinguishes teeth of P. con-
tortus from other similar teeth also found in the
Venice Elasmobranch Assemblage, such as
Galeocerdo aduncus and G. cuvier. Taxonomic
reassessment has placed this taxon in the genus
Physogaleus rather than Galeocerdo based on
robust roots, narrow, erect, and sigmoidal cusps,
and finely serrated tooth margins (e.g., Ward and
Bonavia, 2001; Reinecke et al., 2011; Bor et al.,
2012; Cappetta, 2012; Kent, 2018). Kent (2018)
and Türtscher et al. (2021) further distinguished P.
contortus from a narrow-toothed form of G. adun-
cus on the basis that P. contortus teeth have fine
serrations on all margins and a sigmoidal crown.
However, these studies do not discuss the possibil-
ity of sexual heterodonty or other variations in P.
contortus. In the Venice Elasmobranch Assem-
blage, P. contortus teeth are infrequently recovered
and can be identified by the presence of a sig-
moidal crown and lack of coarse serrations. 
Family CARCHARHINIDAE Jordan and Evermann, 

1896
Genus RHIZOPRIONODON Whitley, 1929

Rhizoprionodon sp.
Figure 10A–V

Referred specimens. Twenty teeth (11 figured
teeth: UF-VP560858–UF-VP560868 and nine addi-
tional teeth: UF-VP560869–UF-VP560877).
Description. The largest anterolateral tooth mea-
sures 1.6 mm in height and 1.88 mm in width. The
cusps of anterolateral teeth are slender, needle-
like, and distally inclined, and contain a complete
cutting edge. The distal heel is pronounced and is
generally smooth but several irregular serrations
are present in some teeth (e.g., Figure 10J–V). The
labial tooth face overhangs the root and displays a
convex ridge parallel to the root base, whereas the
lingual face is nearly flat. The root is holauchorhi-
zous and rectilinear and contains a nutritive
groove. 
Remarks. The presence of small teeth with slen-
der main cusps, well-defined distal heels, and
absence of regular serrations distinguishes Rhizo-
prionodon sp. from other similar teeth in the Venice
Elasmobranch Assemblage, including P. contortus,
Carcharhinus spp., Sphyrna cf. S. zygaena, and S.

cf. S. tiburo. The teeth of Rhizoprionodon sp. can
generally be distinguished from those of Scoliodon
sp. by the lack of the labial crown base overhang-
ing the root and steeply inclined main cusps that
overhang the distal root margin. Sphyrna spp.,
including S. lewinii, may have teeth similar to those
of Rhizoprionodon; however, teeth from these taxa
are generally larger and contain thicker crowns that
are not sigmoidal. Although many Rhizoprionodon
taxa exist, those with teeth most similar to those in
the Venice Elasmobranch Assemblage include: R.
longurio Jordan and Gilbert, 1882, that have small,
smooth-margined, distally inclined teeth with a dis-
tal heel that may contain faint crenulations; R. ter-
raenovae (Richardson, 1836) that has small, thin
teeth with margins that may be smooth, faintly, or
irregularly serrated, and may also contain irregular
serrations on the distal heel; and R. porosus (Poey,
1861) that has distally inclined teeth with a nearly
straight mesial edge, and may have faintly serrated
or crenulated distal heels (Castro, 2011; Ebert et
al., 2021).

At least three extant Rhizoprionodon (sharp-
nose shark) taxa (i.e., R. terraenovae, R. porosus,
and R. longurio) are currently known to occur along
the southeastern USA, Gulf Coastal Plain, Carib-
bean, Central America, western North America,
and northern South America and feed upon a vari-
ety of small fish and invertebrates (Castro, 2011;
Ebert et al., 2021). Rhizoprionodon teeth in the
Venice Elasmobranch Assemblage exhibit mor-
phologies consistent with all of these extant taxa,
suggesting that multiple species were present
during the Miocene–Pliocene and deposition of the
Peace River and Tamiami formations. Moreover,
inter- and intraspecific variations in the tooth mor-
phology of extant genera, including Scoliodon, Lox-
odon, and Rhizoprionodon, are further complicated
by sexual dimorphism and ontogenetic heterodonty
(Springer, 1964; Cappetta, 2012; Ebersole et al.,
2023). As such, we refrain from species-level taxo-
nomic identification at the present time.

Genus NEGAPRION Whitley, 1940
Negaprion brevirostris (Poey, 1868)

Figure 11A–H
Referred specimens. Four teeth consisting of
three upper anterolateral (UF-VP5610–UF-
VP561016) and one lower anterior tooth (UF-
VP560878).
Description. The largest tooth is a lower anterior
tooth that measures 19.04 mm in height and 21.07
mm in width. The cusps of the upper anterolateral
teeth are erect, have complete, smooth cutting
edges, a nearly flat labial face and convex lingual
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face, and well-developed tooth shoulders that are
separated from the main cusp by notches and con-
tain low, faint serrations. The cusps of lower ante-
rior teeth are erect, have a noticeably convex
lingual face and a slightly convex labial face, and
lack well-defined tooth shoulders. The tooth roots
are holaulachorhizous and widely divergent, may
have a flattened basal edge on the lingual face,
and contain a faint nutritive groove. The roots of
lower anterior teeth are similar to those of upper

teeth except they are generally more rounded in
shape.
Remarks. The presence of erect teeth with a
smooth cusp and well-developed, faintly serrated
tooth shoulders distinguishes those of the lemon
shark, N. brevirostris, from other similar teeth also
found in the Venice Elasmobranch Assemblage,
including Carcharias taurus and Carcharhinus spp.
Negaprion brevirostris teeth differ from those of N.
eurybathrodon (Blake, 1862) because upper ante-
rior teeth display larger, more erect crowns and

FIGURE 10. Carcharhiniform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida con-
tinental shelf. A–V, Rhizoprionodon sp. teeth (UF-VP560858–UF-VP560868). Orientations = lingual: A, C, E, G, I, K,
M, O, Q, J, U; labial: B, D, F, H, J, L, N, P, R, T, V. Scale bars: A–F, J–V = 2 mm; G–R = 1 mm.
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FIGURE 11. Carcharhiniform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida conti-
nental shelf. A–H, Negaprion brevirostris anterolateral teeth (UF-VP560878; UF-VP561014–UF-VP561016). I–P,
Carcharhinus leucas upper anterolateral teeth (UF-VP561019–UF-VP561022). Q–X, Carcharhinus obscurus upper
anterolateral teeth (UF-VP561031–UF-VP561034). Orientations = lingual: A, C, E, G, I, K, M, O, Q, S, U, W; labial: B,
D, F, H, J, L, N, P, R, T, V, X. All scale bars = 5 mm.
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contain well-developed, partially serrated tooth
shoulders (Cappetta, 2012; Maisch et al., 2018).
Kent (2018) identified N. eurybathrodon as an
uncommon taxon from the Miocene Calvert Cliffs of
Maryland following Purdy et al. (2001) who indi-
cated N. brevirostris was a junior synonym of N.
eurybathrodon. This view is not widely accepted
and currently, two extant Negaprion taxa are recog-
nized, N. brevirostris in the western Atlantic and
Gulf of Mexico and N. acutidens (Rüppell, 1837) in
the Indian and western Pacific Oceans that has
upper teeth with faintly serrated, less-developed
tooth shoulders (Compagno et al., 2005; Castro,
2011; Ebert et al., 2021). Additional discussions
regarding the classification of N. brevirostris can be
found in papers by White (1955); Antunes and
Jonet (1970); Longbottom, 1979; Purdy et al.
(2001); Ward and Bonavia (2001); Kocsis (2007);
Bor et al. (2012); Cappetta (2012); and Kent
(2018).

Extant N. brevirostris is especially common in
shallow continental shelf waters along the south-
eastern USA, Gulf of Mexico, and Caribbean and
feeds predominantly on fish and crustaceans (Cas-
tro, 2011; Ebert et al., 2021). Important nursery
areas have been documented for this taxon,
including the southeastern coast of the USA from
South Carolina–Florida, as well as the Bahamas
(Springer, 1950a, Morrissey and Gruber, 1993;
Castro, 2011).

Genus CARCHARHINUS Blainville, 1816
Carcharhinus cf. C. falciformis 

(Bibron in Müller and Henle, 1839)
Figure 12A–D

Referred specimens. Two upper anterolateral
teeth (UF-VP561017–UF-VP561018).
Description. The larger of the two teeth measures
14.97 mm in height and 15.56 mm in width. The
cusp of the anterolateral tooth is triangular and
erect and serrations become coarser near the base
of the cusp and on the tooth shoulders. Serrations
on the tooth shoulders are separated from the main
cusp by a notch. The labial tooth face is nearly flat,
and the lingual face is slightly convex. The tooth
root is holaulacorhizous and labiolingually com-
pressed and contains a shallow nutritive groove on
the lingual face. 
Remarks. Isolated teeth of Carcharhinus spp. are
notoriously difficult to identify; however, upper jaw
teeth exhibit a greater degree of variation between
species. The presence of coarser serrations on
upper anterolateral tooth shoulders that are sepa-
rated from progressively finer serrations on the

main cusp by a notch distinguishes teeth of the
silky shark, C. falciformis, from those of other
carcharhiniform taxa also found in the Venice Elas-
mobranch Assemblage. Despite similarities in
tooth shape and size with other taxa including C.
leucas, C. obscurus, and C. plumbeus, the distinct
notch that separates between the tooth shoulder
and main cusp in teeth of C. falciformis is a diag-
nostic feature, and this taxon is likely more abun-
dant in Venice than presently known. Additional
discussions on C. falciformis and related taxa can
be found in works by Garrick (1982); Compagno
(1988); Naylor and Marcus (1994); Grace (2001);
Purdy et al. (2001); Carnevale et al. (2006);
Reinecke et al. (2011); Voigt and Weber (2011);
Cappetta (2012); Marsili (2007); Carrillo-Briceño et
al. (2016a); Kent (2018); and Ebert et al. (2021).

Extant C. falciformis occurs globally in mid-lat-
itudinal waters and typically preys upon a variety of
fish and invertebrates (Castro, 2011). Adults of this
taxon typically frequent offshore surface waters
and may be found among swordfish and schooling
tuna, whereas juveniles are more abundant in shal-
low waters, especially during the warmer months
(Strasburg, 1958; Branstetter, 1981, 1987; Castro,
2011).

Carcharhinus leucas (Müller and Henle, 1839)
Figure 11I–P

Referred specimens. Twelve anterolateral teeth
(figured teeth: UF-VP561019–UF-VP561022 and
additional teeth: UF-VP561023–UF-VP561030).
Description. The largest figured tooth is an
anterolateral tooth that measures 21.30 mm in
height and 21.74 mm in width. The cusp of upper
anterior teeth is erect, triangular, and finely ser-
rated along the entire margin whereas the cusps of
anterolateral teeth exhibit mesiodistally thinner
cusps that are distally inclined. The labial face of
the cusp of upper anterior and anterolateral teeth is
nearly flat, whereas the lingual face is convex and
contains a well-developed tooth neck between the
cusp and root base. The roots of upper anterior
teeth are broad, have widely spaced root lobes,
and contain a deep, centrally located nutritive fur-
row that extends from the base of the root toward
the center of the root. The roots of anterolateral
teeth are similar but their lobes are reduced in size.
Roots in teeth from both upper jaw positions also
display a concave U-shaped, arch-like depression
between the root lobes, and the lateral edges of
the root lobes are typically straight.
Remarks. Extensive literature exists on the bull
shark, C. leucas, in the fossil record (e.g., Cap-
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FIGURE 12. Carcharhiniform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida con-
tinental shelf. A–D, Carcharhinus cf. C. falciformis upper anterolateral teeth (UF-VP561017–UF-VP561018). E–H,
Carcharhinus cf. C. plumbeus upper anterolateral teeth (UF-VP561043–UF-VP561044). I–L, Carcharhinus cf. C. alti-
mus upper anterior lateral teeth (UF-VP561815–UF-VP561816). M–P, Carcharhinus cf. C. perezii upper anterolateral
teeth (UF-VP561039–UF-VP561040). Q–T, Carcharhinus cf. C. brachyurus upper anterolateral teeth (UF-VP561047–
UF-VP561048). U–X, Carcharhinus cf. C. porosus upper anterolateral teeth (UF-VP561819–UF-VP561820). Orienta-
tions = lingual: A, C, E, G, I, K, M, O, Q, S, U, W; labial: B, D, F, H, J, L, N, P, R, T, V, X. Scale bars: A–N, Q–X = 5 mm;
O–P = 2 mm.
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petta, 2012; Kocsis et al., 2015; Kent, 2018). Upper
teeth belonging to C. leucas can be distinguished
from those of other carcharhiniforms in the Venice
Elasmobranch Assemblage, by the presence of
broad, triangular cusps that are regularly and finely
serrated, and roots that contain a U- or arched-
shaped depression between lobes and have
straight lateral edges. Despite these characteris-
tics, C. leucas upper teeth may still appear very
similar to those of C. obscurus; however, they typi-
cally have finer serrations along most of the tooth
margin and a more distinct U-shaped depression
between root lobes. Additionally, C. galapagensis
(Snodgrass and Heller, 1905) teeth can be distin-
guished from those of C. leucas because they have
coarser and more irregular serrations on the lower
portion of the cusp and are typically taller than they
are wide. The anterior teeth of C. longimanus may
also appear similar to those of C. leucas; however,
they are more erect and distinctly triangular in
shape with serrations that are coarser along the
entire margin. For additional discussions on C. leu-
cas and related taxa see: Garrick (1982); Com-
pagno (1988); Naylor and Marcus (1994); Grace
(2001); Purdy et al. (2001); Carnevale et al. (2006);
Castro (2011); Reinecke et al. (2011); Voigt and
Weber (2011); Cappetta (2012); Marsili (2007);
Carrillo-Briceño et al. (2015a); Kent (2018); and
Ebert et al. (2021).

Extant C. leucas has a global distribution
although is typically found in continental shelf and
brackish waters in tropical and subtropical regions
where it is preys upon a wide variety of vertebrates
(e.g., Compagno et al., 2005; Castro, 2011; Ebert
et al., 2021). Currently, C. leucas occurs through-
out the Gulf of Mexico from deep waters to coastal
estuary systems, including those along Florida’s
west coast (Castro, 2011; Curtis et al., 2011; Ebert
et al., 2021). Interestingly, these estuary systems
presently support many other juvenile and subadult
elasmobranch taxa that also occur in Venice Elas-
mobranch Assemblage, suggesting that similar
coastal habitats have existed along southwest Flor-
ida since at least the Miocene/Pliocene (Yeiser et
al., 2008; Ortega et al., 2009; Heupel and Simpfen-
dorfer, 2008, 2011; Hunt and Doering, 2013;
Dawdy et al., 2022).

Carcharhinus obscurus (Lesueur, 1818)
Figure 11Q–X

Referred specimens. Eight upper anterolateral
teeth (figured teeth: UF-VP561031–UF-VP561034
and additional teeth: UF-VP561035–UF-
VP561038).

Description. The largest figured anterolateral
tooth is 19.08 mm in height and 21.26 mm in width.
The cusp of upper anterolateral teeth is broad, tri-
angular, and regularly serrated along the entire
margin with serrations increasing in size near the
base of the cusp. The labial face is nearly flat,
whereas the lingual face is convex and contains a
well-developed tooth neck near the base of the
cusp. The roots of upper anterolateral teeth are
broad with relatively straight lobes that are widely
separated by a concavity. The lingual root face
exhibits a well-developed nutritive furrow that is
present from the root base to the center portion of
the root.
Remarks. In the Venice Elasmobranch Assem-
blage, carcharhiniform teeth belonging to the dusky
shark, C. obscurus, and the bull shark, C. leucas,
are very similar and are frequently confused with
each other. However, upper teeth from these taxa
typically exhibit morphological differences that
include the presence of regular, finely serrated
margins and a well-developed U-shaped concavity
separating the root lobes in C. leucas and more
coarsely serrated lower cusp margins and a shal-
lower concavity separating the root lobes in C.
obscurus. Additionally, teeth of C. galapagensis
may appear similar to those of C. obscurus, but
they are more coarsely and irregularly serrated
near the crown-root interface, have root lobes that
are generally more rounded, and are typically taller
than they are wide. Anterolateral teeth of C. falci-
formis may also bear some resemblance to those
of C. obscurus; however, they have a distinct notch
that separates serrations on the tooth shoulders
from those on the main cusp. Additional discus-
sions on C. obscurus and related taxa can be
found in papers by Garrick (1982); Compagno
(1988); Naylor and Marcus (1994); Grace (2001);
Purdy et al. (2001); Carnevale et al. (2006); Castro
(2011); Reinecke et al. (2011); Voigt and Weber
(2011); Cappetta (2012); Marsili (2007); Carrillo-
Briceño et al. (2015a); Kent (2018); and Ebert et al.
(2021).

Extant C. obscurus occurs on most tropical
and subtropical continental shelves globally and is
known to prey upon a variety of fish and inverte-
brates (Castro, 2011; Hoffmayer et al., 2014).
Whereas some C. obscurus individuals exhibit site
fidelity in the Gulf of Mexico and along the Atlantic
Coastal Plain of the USA, others are known to
migrate over greater ranges (Cortes et al., 2006;
Hoffmayer et al., 2014).
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Carcharhinus perezii (Poey, 1876)
Figure 12M–P

Referred specimens. Four upper anterolateral
teeth (figured teeth: UF-VP561039–UF-VP561040
and additional teeth: UF-VP561041–UF-
VP561042).
Description. The largest upper anterolateral tooth
measures 7.19 mm in height and 9.67 mm in width.
The crown of the upper anterolateral tooth con-
tains an erect cusp and completely serrated cut-
ting edge with serrations finer near the apical
region and coarser near the base of the cusp.
The labial tooth face is nearly flat, the lingual face
is convex, and both surfaces are smooth. The
roots are holaulacorhizous and contain a shallow
nutritive groove on the lingual face.
Remarks. The presence of fine serrations that
become coarser near the base of the cusp and
continuously progress onto the tooth shoulders
without a notch distinguishes the teeth of C. perezii
(Caribbean reef shark) from those of other carchar-
hiniforms in the Venice Elasmobranch Assem-
blage. Although C. acronatus teeth may be similar
in size and overall shape to those of C. perezii,
they are narrower, more erect, and finely serrated
or smooth in more distally located teeth (Castro,
2011; Voight and Weber, 2011). Fossil teeth previ-
ously identified as C. priscus (Agassiz, 1843) also
appear similar to those of C. perezii although they
have finer serrations along the entire tooth margin
and are typically smaller in size (Reinecke et al.,
2011; Voight and Weber, 2011; Kent, 2018; Maisch
et al., 2018). The teeth identified as C. perezii in
the Venice Elasmobranch Assemblage are all dis-
tally inclined, finely serrated along the main cusp,
and more coarsely serrated on the distal tooth
shoulder, making them appear identical to those
imaged by Voight and Weber (2011). Extant C.
perezii is most known from shallow continental
shelf waters of the western Atlantic; however, the
taxon has also been reported from the Gulf of Mex-
ico where it preys upon a variety of fish and inver-
tebrates (Castro, 2011; Driggers et al., 2011; Voight
and Weber, 2011; Ebert et al., 2021). Additional
discussion on C. perezii and similar related taxa
can be found in works by Compagno (1988); Nay-
lor and Marcus (1994); Purdy et al. (2001); Kocsis
(2007); Marsili (2007); Castro (2011); Reinecke et
al. (2011); Voight and Weber (2011); Bor et al.
(2012); Cappetta (2012); Kent (2018); and Ebert et
al. (2021).

Carcharhinus plumbeus (Nardo, 1827)
Figure 12E–H

Referred specimens. Four upper anterolateral
teeth (figured teeth: UF-VP561043–UF-VP561044
and additional teeth: UF-VP561045–UF-
VP561046).
Description. The largest figured upper anterolat-
eral tooth measures 15.75 mm in height and 13.17
mm in width. The cusps of upper anterolateral
teeth are thin, triangular, and contain fine, regularly
spaced serrations and have a nearly straight
mesial margin. Teeth progressing from mesial to
distal jaw positions develop a distinctly concave
distal margin although still contain fine, regularly
spaced serrations on the tooth margins. The labial
surface is smooth whereas lingual surface is
weakly convex although both surfaces are smooth.
The roots of anterolateral teeth are thin and arched
and contain a well-developed nutritive groove on
the lingual face.
Remarks. The presence of labiolingually thin,
mesiodistally broad, finely serrated upper teeth
with well-developed nutritive grooves on the lin-
gual root surface distinguishes teeth of the sand-
bar shark, C. plumbeus, from those of other
carcharhiniform taxa also found in the Venice Elas-
mobranch Assemblage. The teeth of C. plumbeus
appear most similar to those of C. altimus but are
broader, and more distally inclined. Juvenile teeth
of C. leucas may also appear similar to those of C.
plumbeus; however, they are more robust and
have clearly separated root lobes (Castro, 2011;
Voight and Weber, 2011). Similarly, the teeth of C.
acronatus are distinct from those of C. plumbeus
because they typically have small, finely serrated,
and narrow main cusps in anterior teeth, partially
serrated to smooth cusps in distally located teeth,
and teeth in all positions possesses a distinct distal
shoulder (Voight and Weber, 2011).

Extant C. plumbeus exists along most mid-lat-
itudinal continental shelves and preys upon a vari-
ety of vertebrates and invertebrates (Castro, 2011;
Ebert et al., 2021). This taxon has complex migra-
tory patterns and utilizes multiple areas for nurser-
ies along the Atlantic and Gulf Coastal Plains of the
USA, ranging from Great South Bay, Long Island,
New York, to the northern Gulf of Mexico (Springer,
1960; Castro, 2011).

Carcharhinus cf. C. altimus (Springer, 1950b)
Figure 12I–L

Referred specimens. Four upper anterolateral
teeth (figured teeth: UF-VP561815–UF-VP561816
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and additional teeth: UF-VP561817–UF-
VP561818).
Description. The largest figured upper anterolat-
eral tooth is 15.51 mm in height and 13.68 mm in
width. Upper anterolateral teeth are broad, finely
serrated, and have elongated, triangular cusps.
The labial face is slightly convex whereas the lin-
gual face is nearly flat. The tooth root is thin, root
lobes are weakly separated, and a well-developed
nutritive groove is present on the lingual face.
Remarks. The bignose shark, Carcharhinus alti-
mus, frequents deeper tropical–subtropical, mid-
latitudinal continental shelf waters; however, this
taxon has been reported in shallower shelf waters
globally (Castro, 2011; Ebert et al., 2021). This
taxon is known to make seasonal migrations along
the Atlantic Coastal Plain of the USA where it feeds
upon a variety of a variety of vertebrates and inver-
tebrates, including chimaeras, smaller elasmo-
branchs, and cephalopods (Springer, 1950b;
Kohler et al., 1998; Castro, 2011; Ebert et al.,
2021). We identify labiolingually thin, mesiodistally
broad, erect, and finely serrated upper teeth with
well-developed nutritive grooves on the lingual
root surface as C. cf. C. altimus in the Venice Elas-
mobranch Assemblage. The teeth of C. plumbeus
appear most similar to those of C. cf. C. altimus but
are less erect and exhibit a greater degree of distal
inclination. Kent (2018) identified C. cf. C. altimus
from the Miocene Calvert Cliffs of Maryland but
indicated that these teeth are typically small and
uncommon and may in fact represent those of C.
acronatus (Poey, 1860). Teeth of C. acronatus are
typically small, anterior teeth are finely serrated
with narrow main cusps, distally located teeth are
partially serrated to smooth, and teeth in all posi-
tions contain a distinct distal shoulder that is rela-
tively thin in contrast to those of C. altimus (Castro,
2011; Ebert et al., 2021; Voight and Weber, 2011).
In the Venice Elasmobranch Assemblage, we ten-
tatively identify C. altimus because these teeth can
appear very similar to those of C. plumbeus. 

Carcharhinus cf. C. brachyurus (Günther, 1870)
Figure 12Q–T

Referred specimens. Four upper anterolateral
teeth (figured teeth: UF-VP561047–UF-VP561048
and additional teeth: UF-VP561049–UF-
VP561050).
Description. The largest figured upper anterolat-
eral tooth measures 8.98 mm in height and 11.57
mm in width. The upper anterolateral tooth cusps
are narrow, scythe-shaped, distally inclined, and
finely serrated with serrations that may become

more irregular near the base of the cusp. The labial
face is convex, and the lingual face is nearly flat.
The tooth roots are nearly flat on the labial face
and weakly convex on the lingual face and have
widely divergent lobes, and the basal root face is
nearly flat. A well-developed nutritive groove is
present on the lingual root face. 
Remarks. The presence of narrow, oblique, finely
serrated upper teeth with well-developed nutritive
grooves on the lingual root surface distinguishes
teeth of the copper shark, C. brachyurus, from
those of other carcharhiniform taxa also found in
the Venice Elasmobranch Assemblage. Teeth of C.
limbatus and C. brevipinna appear most similar to
those of C. brachyurus but are generally smaller
and less oblique and have finer and more regularly
spaced serrations. Additionally, the cusp apex of
the upper teeth in C. brachyurus typically has a dis-
tinct distal curvature not seen in the teeth of the
other Carcharhinus spp. in the Venice Elasmo-
branch Assemblage (Garrick, 1982; Castro, 2011).
Teeth of C. brachyurus were considered synony-
mous with those of C. priscus (Agassiz, 1843) by
Purdy et al. (2001) and Marsili (2007); however,
additional analysis by Reinecke et al. (2011)
showed that C. priscus teeth are morphologically
distinct from those of C. brachyurus and other taxa.
Maisch et al. (2015) and Kent (2018) identified C.
priscus from the early and Middle Miocene of the
Atlantic Coastal Plain of the USA for small, distally
inclined, and finely serrated teeth lacking a distinct
distal curvature of the cusp apex. The teeth identi-
fied as C. brachyurus in the Venice Elasmobranch
Assemblage are distinct from those of C. priscus
and appear identical to those identified by Marsili
(2007) and Landini et al. (2017a, 2017b).

Extant C. brachyurus is known to prey upon a
variety of vertebrates and invertebrates, including
schools of fish and squid, and has been reported
from the continental shelf waters of eastern and
western South America, western Africa, the Medi-
terranean, Australia, Japan, and China. Although
reports indicate that this taxon likely occurs in the
Gulf of Mexico and is more widespread than pres-
ently documented, its presence in North American
waters is currently not known (Castro, 2011; Ebert
et al., 2021).

Carcharhinus limbatus 
(Valenciennes in Müller and Henle, 1839)

Figure 13A–D
Referred specimens. Three upper anterolateral
teeth (figured teeth: UF-VP561051–UF-VP561052
and additional tooth: UF-VP561053).
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Description. The largest figured upper anterolat-
eral tooth measures 8.06 mm in height and 10.94
mm in width. Upper anterolateral teeth are narrow,
cusps are erect or slightly oblique, and serrations
are fine and uniform on the central part of the cusp
but become slightly coarser and irregular near the
base of the cusp and on the tooth shoulders. The
labial face is nearly flat, and the lingual face is

weakly convex. Anterolateral tooth roots are thin
and narrow with widely divergent lobes and contain
a nutritive groove on the lingual face. A nutritive
groove gap can also be seen in labial view.
Remarks. The presence of upper teeth that are
small, erect, and narrow, have finely serrated main
cusps with more coarsely serrated tooth shoulders,
and exhibit a nutritive groove on the lingual root

FIGURE 13. Carcharhiniform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida con-
tinental shelf. A–D, Carcharhinus cf. C. limbatus upper anterolateral teeth (UF-VP561051–UF-VP561052). E–H,
Carcharhinus cf. C. brevipinna upper anterolateral teeth (UF-VP561054–UF-VP561055). I–P, Sphyrna cf. S. zygaena
teeth (UF-VP561058–UF-VP561061). Q–T, Sphyrna cf. S. tiburo teeth (UF-VP561062–UF-VP561063). Orientations =
lingual: A, C, E, G, I, K, M, O, Q, S; labial: B, D, F, H, J, L, N, P, R, T. Scale bars: A–P = 5 mm; Q–T = 2 mm.
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surface distinguishes teeth of the blacktip shark, C.
limbatus, from those of other carcharhiniform taxa
also found in the Venice Elasmobranch Assem-
blage. Teeth of C. brevipinna and C. brachyurus
appear very similar to those of C. limbatus but typi-
cally have finer, more regular tooth serration pat-
terns. Additionally, C. brevipinna teeth are more
erect with their serration size typically being very
fine along the tooth margin except near the root
base, and C. brachyurus teeth have distinctly dis-
tally curved cusp apices (Castro, 2011; Voight and
Weber, 2011; Ebert et al., 2021).

Extant C. limbatus occurs globally along mid-
latitudinal continental shelves and preys primarily
upon small vertebrates including bony fish and
elasmobranchs (Castro, 2011; Voight and Weber,
2011; Ebert et al., 2021). In the Gulf of Mexico and
waters surrounding Florida, migratory aggregations
of C. limbatus frequently occur in the summer
months and have been documented entering feed-
ing frenzies on concentrated food sources (Castro,
2011; Ebert et al., 2021).

Carcharhinus brevipinna 
(Müller and Henle, 1839)

Figure 13E–H
Referred specimens. Four anterolateral teeth (fig-
ured teeth: UF-VP561054–561055 and additional
teeth: UF-VP561056–UF-VP561057).
Description. The largest figured upper anterolat-
eral tooth measures 9.40 mm in height and 11.66
mm in width. Upper anterolateral teeth are narrow,
cusps are erect, and serrations are very fine and
may exhibit a slight increase in size along the cusp
onto the tooth shoulders. The labial face is nearly
flat, and the lingual face is weakly convex. Antero-
lateral tooth roots are thin and narrow with widely
divergent lobes and contain a nutritive groove on
the lingual face. The gap of the nutritive groove is
also partly visible in labial view. 
Remarks. Isolated teeth of Carcharhinus spp. are
notoriously difficult to identify; however, upper jaw
teeth exhibit a greater degree of variation between
species. The presence of small, erect, narrow,
finely serrated upper teeth distinguishes the teeth
of the spinner shark, C. brevipinna, from those of
other carcharhiniform taxa also found in the Venice
Elasmobranch Assemblage. The coarseness of
serrations gradually increases along the cusp
toward the tooth shoulders of C. brevipinna teeth in
contrast to the teeth of C. limbatus that only show
slightly coarser serrations on their shoulders (Cas-
tro, 2011; Voight and Weber, 2011; Ebert et al.,
2021). Teeth of C. isodon can also be distinguished

from those of C. brevipinna because they have
very slender, smooth cusps that may contain irreg-
ular serrations on the distal tooth shoulder. In con-
trast to the teeth of C. acronatus, those of C.
brevipinna have cusps that are much narrower
rather than blade-like and do not have a defined
distal shoulder (Voight and Weber, 2011). 

Extant C. brevippina occurs nearly globally
along mid-latitudinal continental shelves, primarily
preys upon fish and other small vertebrates, and
commonly forms migratory schools in the Gulf of
Mexico similar to C. limbatus (Castro, 2011; Ebert
et al., 2021). The possibility also exists that a sub-
species between Pacific and Atlantic populations
may be present because the Pacific representa-
tives have a larger body size and teeth that are
generally longer than those of the Atlantic type
(Voight and Weber, 2011).

Carcharhinus cf. C. porosus 
(Ranzani, 1839)
Figure 12U–X

Referred specimens. Four anterolateral teeth (fig-
ured teeth: UF-VP561819–UF-VP561820 and
additional teeth UF-VP561821–UF-VP561822).
Description. The largest figured anterolateral
tooth measures 7.80 mm in height and 10.10 mm
in width. The cusps of the upper anterolateral teeth
are distally inclined and finely serrated and exhibit
a coarsely or irregularly serrated distal tooth shoul-
der. The labial face is convex, and the lingual face
is nearly flat. The tooth root is thin, root lobes are
separated by a depression, and a nutritive groove
occurs on the lingual face.
Remarks. Isolated teeth of Carcharhinus spp. are
notoriously difficult to identify; however, upper jaw
teeth exhibit a greater degree of variation between
species. The presence of a finely serrated main
cusp with coarser serrations on the tooth shoulders
separates the teeth of the smalltail shark, C. cf. C.
porosus, described here from those of similar taxa
including C. cf. C. acronatus, C. perezii, and Rhizo-
prionodon sp. that also occur in the Venice Elas-
mobranch Assemblage. In particular, the teeth of
C. perezii appear very similar to those of C. poro-
sus; however, they have finer serrations on all mar-
gins and typically possess a less developed distal
shoulder with finer serrations. The teeth identified
as C. cf. C. porosus in this study appear nearly
identical to those of anterolateral teeth provided as
line drawings in Castro (2011; p. 460) and images
of upper anterior teeth provided by Voight and
Weber (2011).
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Extant C. porosus is known to prey upon a
variety of small vertebrates and invertebrates
including fish and shrimp on the continental shelf
and in estuaries along the west coast of Mexico
and South America, eastern South America, and
the West Indies but is noticeably absent around the
Caribbean Islands and those offshore western
South America (Castro, 2011; Ebert et al., 2021).
Although historically reported from various loca-
tions throughout the Gulf of Mexico, at present, C.
porosus has only been reported from the southern
Gulf of Mexico (Castro, 2011; Ebert et al., 2021).

Genus SPHYRNA Rafinesque, 1810
Sphyrna cf. S. zygaena 

(Linnaeus, 1758)
Figure 13I–P

Referred specimens. Four anterolateral teeth
(UF-VP561058–UF-VP561061).
Description. The largest anterolateral tooth mea-
sures 10.89 mm in height and 12.78 mm in width.
The crowns of anterolateral teeth are smooth and
labiolingually flattened and possess a complete
cutting edge. The labial face is nearly flat, and the
lingual face is slightly convex. The cusp is angled
distally and is separated from the distal heel by a
notch. The root is thin and holaulachorhizous and
exhibits a deep nutritive groove.
Remarks. The smooth hammerhead, Sphyrna
zygaena, represents one of the larger extant
sphyrnid taxa known globally and preys upon a
variety of vertebrates, including other elasmo-
branchs and bony fish (Castro, 2011; Ebert et al.,
2021). The presence of smooth, erect cusps and
well-developed distal heels distinguishes the teeth
of S. cf. S. zygaena described here from those of
similar taxa in the Venice Elasmobranch Assem-
blage, such as S. tiburo, Rhizoprionodon sp., and
Carcharhinus spp. Studies on sphyrnids document
little to no ontogenetic heterodonty, allowing for dif-
ferentiation among the Sphyrna species such as S.
media (Springer, 1940) containing smaller teeth
with gracile cusps, S. integra (Probst, 1878) with
teeth having low distal heels, S. lewini (Griffith and
Smith, 1834) with teeth possessing gracile cusps
and labiolingually compressed roots with well-
developed nutritive grooves, and S. mokarran
(Rüppell, 1837) with erect, finely-serrated teeth
(e.g., Purdy et al., 2001; Castro, 2011; Cappetta,
2012; Bor et al., 2012; Ebert et al., 2021). Purdy et
al. (2001) identified S. laevissima (Cope, 1867) as
a junior synonym of S. zygaena; however,
Reinecke et al. (2011) and Kent (2018) determined
that these taxa are morphologically distinct. In par-
ticular, S. laevissima can be distinguished based

on upper teeth with broader crowns and shorter
distal heels and lower teeth being shorter and more
triangular (Reinecke et al., 2011; Kent, 2018). A
morphological gradient between the late Miocene
and Pliocene was also documented by Reinecke et
al. (2011), suggesting that S. zygaena may have
evolved from S. laevissima. We assign the Venice
specimens to S. cf. S. zygaena based on the pres-
ence of mesiodistally widened, non-serrated cusps,
well-developed distal heels, enlarged nutritive
groove, and a labiolingually compressed structure,
following Purdy et al. (2001), Castro (2011), and
Cappetta (2012).

Extant S. zygaena occurs globally in temper-
ate and subtropical waters and is rare or absent in
tropical environments (Castro, 2011; Ebert et al.,
2021). Although reported from the east coast of
Florida and the Florida Keys, this taxon is not pres-
ently known from the Gulf of Mexico (Castro, 2011;
Ebert et al., 2021). 

Sphyrna cf. S. tiburo (Linnaeus, 1758)
Figure 13Q–T

Referred specimens. Two anterolateral teeth (UF-
VP561062–UF-VP561063).
Description. The larger anterolateral tooth is 1.93
mm in height and 3.94 mm in width. The cusp is
low and distally inclined and has a smooth margin
and well-developed distal tooth shoulder. The labial
face is convex, and the lingual face is nearly flat.
The cusp height is nearly the same as the thick-
ness of the root. The root is thin and exhibits a
well-developed nutritive groove on the lingual sur-
face, and the lateral-most edge of each root lobes
is angled outward. 
Remarks. The bonnethead shark, Sphyrna tiburo,
can be found in various habitats and water qualities
including sandy shoals, river mouths, estuaries,
and seagrass beds with clear or turbid waters,
forms small, migratory schools, and preys upon a
variety of invertebrates and small vertebrates
including crabs, shrimp, and fish (Castro, 2011;
Ebert et al., 2021; Gonzalez et al., 2024). The
presence of smooth, low, and distally inclined
cusps with short distal heels distinguishes teeth of
S. cf. S. tiburo identified here from those of similar
taxa in the Venice Elasmobranch Assemblage,
such as S. cf. S. zygaena and Rhizoprionodon sp.
Teeth of S. corona (Springer, 1940) can also be
distinguished from those of S. tiburo because they
have thinner and more erect cusps (Castro, 2011;
Ebert et al., 2021). Similarly, the teeth of S. lewini
and S. media can be distinguished from those of S.
tiburo because they are more erect and the tooth
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cusps may contain notches or crenulations (Cas-
tro, 2011).

While the extant bonnethead, Sphyrna tiburo,
was long considered to consist of a single taxon in
most warm waters in the western hemisphere,
including the Gulf of Mexico, recent morphometric
and genetic analyses indicate that S. tiburo in fact
represents a species complex (Gonzalez et al.,
2024). As such, two species are now recognized in
the western Atlantic, S. tiburo and S. alleni Gonza-
lez, Postaire, Driggers, Caballero, and Chapman,
2024 and one species, S. verpertina Springer,
1940, is currently recognized in the eastern Pacific
(Gonzalez et al., 2024). 

Superorder BATOMORPHII Cappetta, 1980
Order RHINOPRISTIFORMES Naylor et al., 2012

Family RHINIDAE Müller and Henle, 1841
Genus RHYNCHOBATUS Müller and Henle, 1837

Rhynchobatus sp.
Figure 14A–T

Referred specimens. Ten teeth (figured teeth: UF-
VP561064–UF-VP561067 and additional teeth:
UF-VP561068–UF-VP561073).
Description. Teeth are small and have a low, glob-
ular appearance. The largest figured tooth mea-
sures 3.71 mm in height and 3.89 mm in width and
has an occlusal surface that shows faint furrows
and a weakly developed transverse ridge. The
labial face is rounded, and the enameloid over-
hangs the root base. The lingual face contains a
broad, centrally located uvula that extends over the
root base and separates the occlusal surface into
two lobes. The root is thinner than the cusp, and
the basal face is bisected by a well-developed
nutritive groove containing a foramen. 
Remarks. The genus Rhynchobatus belongs to a
group of rays commonly known as wedgefishes.
The presence of small teeth with a globular occlu-
sal surface containing a transverse ridge, a single
lingual protuberance, and a thin root base distin-
guishes teeth of Rhynchobatus sp. described here
from those of Rhinobatidae gen. indet., Hypanus
spp., Mustelus sp., and Pristis cf. P. pristis oral
teeth that also occur in the Venice Elasmobranch
Assemblage. In particular, the teeth of Rhynchoba-
tus sp. are frequently larger than those of Rhinoba-
tos and have only a single prominent lingual uvula
(Antunes and Balbino, 2007; Cappetta, 2012;
Reinecke et al., 2023). Although pristid oral teeth
also contain only a single lingual uvula, they are
more mesiodistally compressed, and their root is

not as thin or lingually displaced as in the teeth of
Rhynchobatus sp.

Although historically separated into distinct
families (e.g., Herman et al., 1997; Cappetta,
2012), Last et al. (2016a) recommended that
extant wedgefish should be placed in a single fam-
ily (Rhinidae) that consists of three genera (Rhina,
Rhynchobatus, and Rhynchorhina) with a total of
10 species. Of the teeth from extant taxa imaged
by Herman et al. (1997) and Reinecke et al.
(2023), those of Rhynchobatus lübberti Ehren-
baum, 1915, and R. djiddensis (Forsskal, 1775)
appear most similar to those of Rhynchobatus sp.
in the Venice Elasmobranch assemblage because
they exhibit a partially pitted to smooth occlusal
surface with a lingually displaced transverse ridge
and a thin, lingually displaced root. However, teeth
identified as R. pristinus (Probst, 1877), that are
reported in Miocene and Miocene/Pliocene Euro-
pean and Central and South American elasmo-
branch assemblages, also appear very similar to
the teeth of Rhynchobatus sp. identified from Ven-
ice because they have a lingually displaced trans-
verse ridge and root base as well as a partially
pitted occlusal surface (e.g., Cappetta, 1970;
Antunes and Balbino, 2007; Cappetta, 2012; Car-
rillo-Briceño et al., 2016a; 2019; Laurito Mora and
Valerio, 2021). Although the Venice Rhynchobatus
sp. teeth could belong to R. pristinus, R. lübberti,
R. djiddensis, or yet an undescribed fossil species,
heterodonty is known to occur in extant Rhyncho-
batus taxa such that teeth may vary in size
depending on their location in the jaw and age, and
teeth from juveniles may lack occlusal surface
ornamentation (Herman et al., 1997; Cappetta,
2012; Reinecke et al., 2023). Due to these compli-
cations and the lack of detailed, comparative stud-
ies on extant and extinct Rhynchobatus taxa, we
conservatively identify the fossil teeth described
here as Rhynchobatus sp.

Presently, no extant Rhynchobatus taxa or
any other wedgefish are known to occur in the Gulf
of Mexico or western Atlantic. The nearest extant
representative with morphologically similar teeth to
those of Rhynchobatus sp. in the Venice Elasmo-
branch Assemblage is R. lübberti, the African
wedgefish, that occurs along the northwest–central
African coast. Like most other Rhynchobatus taxa,
R. lübberti is benthic, occurs in shallow marine
environments, and preys upon small to medium-
sized vertebrates (including myliobatiforms) and
invertebrates (Last et al., 2016a; Dean et al.,
2017).
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Family RHINOBATIDAE Bonaparte, 1835
Rhinobatidae gen. indet.

Figure 14U–DD
Referred specimens. Two teeth (UF-VP561074–
UF-VP561075).
Description. Teeth are very small and have an api-
cobasally compressed, globular appearance. The
largest tooth measures 1.33 mm in height and 1.66
mm in width and has a smooth occlusal surface.
The labial face extends over the root base whereas
the lingual face contains an elongated, centrally
located uvula that occurs between two secondary
protuberances. A nutritive foramen occurs near
both secondary protuberances at the crown-root
junction. The root is displaced lingually, and the
basal surface exhibits a well-developed nutritive
groove with a large, centrally located foramen.

Remarks. Rhinobatids are guitarfish and contain
taxa with very small teeth with a globular occlusal
surface containing a primary lingual uvula flanked
by secondary uvulae that can distinguish them
from teeth of Rhynchobatus sp., Hypanus spp.,
Mustelus sp., and Pristis cf. P. pristis that also
occur in the Venice Elasmobranch Assemblage.
Although very similar, Rhynchobatus sp. teeth are
frequently larger and can be distinguished from
those of “Rhinobatos” because they have only one
prominent lingual uvula (Herman et al., 1997; Cap-
petta, 2012; Reinecke et al., 2023). Similarly, the
oral teeth of P. pristis and P. pectinata have a cen-
tral, elongated uvula, lack secondary uvulae, and
have a mesiodistally compressed morphology
compared to Rhinobatos teeth (Cappetta, 2012;
Reinecke et al., 2023). Teeth of the fanrays,

FIGURE 14. Rhinopristiform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida conti-
nental shelf. A–T, Rhynchobatus sp. (UF-VP561064–UF-VP561067). U–DD, Rhinobatos sp. (UF-VP561074–UF-
VP561075). Orientations = lingual: A, F, K, P, U, Z; labial: B, G, L, Q, V, AA; lateral: C, H, M, R, W, BB; occlusal: D, I, N,
S, X, CC; basal: E, J, O, T, Y, DD. All scale bars = 1 mm.
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Platyrhina sinensis (Bloch and Schneider, 1801)
and Platyrhinoidis triseriata (Jordan and Gilbert,
1880), may also appear similar to those of Rhino-
batos; however, they are taller and have a more
developed separation between the crown and root
or are more globular with less-developed uvulae,
respectively (Herman et al., 1997). Additionally,
fossil remains of Platyrhinoidis have not been
reported, and those of Platyrhina have only been
reported in the Eocene and present-day (Herman
et al., 1997; Cappetta, 2012; Last et al., 2016a).

Cappetta (2012) indicated that it is extremely
difficult to taxonomically identify isolated Rhinoba-
tos teeth, and many fossil Rhinobatos taxa may be
synonymized or placed in separate genera. In
recent genetic and morphological analyses of gui-
tarfish (Rhinobatidae) by Last et al. (2016a), a total
of three genera (Acroteriobatus, Rhinobatos, and
Pseudobatos) and 31 valid species are identified.
While many of these taxa have been documented
along western Central America and South Amer-
ica, only one extant taxon, P. lentiginosus (Gar-
man, 1880), is represented in the Gulf of Mexico.
An additional species, P. percelleus (Walbaum,
1792), is known to occur along northern South
America and part of the Caribbean; however, this
taxon’s presence in the Gulf of Mexico is uncertain
(Bigelow and Schroeder, 1953; Last et al., 2016a).
As presented by Last et al. (2016a), no Rhinobatos
taxa presently occur in the Gulf of Mexico, along
the Atlantic Coastal Plain of the USA, or along the
west coast of central and South America, and the
nearest representative of this genus, R. rhinobatos
(Linnaeus, 1758), occurs along the west coast of
Africa. As such, we identify these teeth as Rhino-
batidae gen. indet. in the Venice Elasmobranch
Assemblage and note that they appear similar to
those of P. lentiginosus and R. rhinobatos (sensu
Bigelow and Schroeder, 1953; Herman et al.,
1997). Although presently having different global
distributions, the extant freckled guitarfish, P. len-
tiginosus (Garman, 1880), and the common guitar-
fish, R. rhinobatos (Linnaeus, 1758), are known to
be benthic, coastal species that prey upon a variety
of invertebrates, particularly mollusks and crusta-
ceans (Last et al., 2016a).

However, detailed, published images of teeth
belonging to many other extant Rhinobatos, Acro-
teriobatus, and Pseudobatos species are not pres-
ently available and variable degrees of sexual
heterodonty have been documented in “Rhinoba-
tos” taxa. Further complications with identification
of isolated teeth may be a result of seasonal het-
erodonty (i.e., differences in tooth morphology

between the sexes during mating season) such
that the teeth of females and males generally
exhibit flat, low crowns except during the mating
season where male teeth may exhibit taller,
pointed crowns (e.g., Herman et al., 1997; Ever-
hart, 2007; Underwood and Cumbaa, 2010; Cap-
petta, 2012; Bice and Shimada, 2016). As a result,
it is extremely difficult to accurately identify fossil or
modern “Rhinobatos” teeth, and it is clear that
additional, comprehensive comparative studies are
needed (e.g., Cappetta, 2012; Last et al., 2016a).

Family PRISTIDAE Bonaparte, 1838
Genus ANOXYPRISTIS 

White and Moy-Thomas, 1941
Anoxypristis sp.
Figure 15A–L

Referred specimens. Three rostral spines (UF-
VP561076–UF-VP561078).
Description. Rostral spines are elongated and
dorsoventrally compressed. The largest figured
rostral spine measures 18.32 mm long, is 6.37 mm
wide near the spine base, and is 2.68 mm thick
dorsoventrally. The anterior spine margin is typi-
cally straight and more convex than the posterior
spine margin that may be distally curved near the
apex. A faint, barb-like curvature may be present
on the posterior margin near the apical portion of
smaller spines. Faint longitudinal lines extend from
the spine base toward the upper portion of the
spine and may be crossed by irregularly spaced,
perpendicular bands. The spine base is ovular in
cross-section and contains numerous pits.
Remarks. The presence of rostral spines that are
thin and blade-like, may be posteriorly curved, and
are convex on the anterior and posterior edges dis-
tinguishes rostral spines of Anoxypristis sp.
described here from Pristis cf. P. pristis that also
occurs in the Venice Elasmobranch Assemblage.
These same morphological characteristics of ros-
tral spines, in addition to internal rostral morphol-
ogy, also differentiate Anoxypristis sp. from all
other extant sawfish taxa (i.e., P. pristis, P. pecti-
nata, P. zijsron, and P. clavata). Numerous fossils
of Anoxypristis sp. have been described, many ini-
tially as distinct Pristis spp., from isolated, and
often fragmentary, rostral spines including A. aethi-
opicus (Darteville and Casier, 1943), A. mucrodens
(White, 1926), and A. fajumensis (Stromer, 1905),
among others (Cappetta, 2012; Cappetta and
Case, 2016; Ebersole et al., 2019). However, the
type species for these taxa derive from the Eocene
of Africa and Europe, some of which may in fact be
synonymous (Cappetta and Case, 2016). Several
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FIGURE 15. Rhinopristiform rostral spines and teeth and rajiform teeth from the Peace River and Tamiami formations
on the shallow Venice, Florida continental shelf. A–L, Anoxypristis sp. rostral spines (UF-VP561076–UF-VP561078).
M–U, Pristis cf. P. pristis rostral spines (UF-VP561823–UF-VP561824). V–EE, Pristis sp. teeth (UF-VP561825–UF-
VP561826). FF–TT, Rajidae gen. indet. teeth (UF-VP561079–UF-VP561081). Orientations = dorsoventral: A–B, E–F,
I–J, M–N, R–S; lateral: C, G, K, X, CC, HH, MM, RR; anterior: O, R; posterior: P, U; basal: D, H, L, Q, Z, EE, JJ, OO,
TT; lingual: V, AA, FF, KK, PP; labial: W, BB, GG, LL, QQ; occlusal: Y, DD, II, NN, SS. Scale bars: A–L, Q–U = 5 mm;
M–P = 1 cm; V–TT = 1 mm.
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reports on Miocene–Pliocene chondrichthyans also
document Anoxypristis based on isolated rostral
spines; however, these remains are typically
uncommon and identified as Anoxypristis sp. or
Pristis sp. (e.g., Purdy et al., 2001; Sharma and
Patnaik, 2013; Carrillo-Briceño et al., 2015b; Boyd,
2016; Collareta et al., 2017b, 2017c; Kent, 2018;
Fialho et al., 2019; Perez, 2022; Pollerspöck and
Unger, 2022).

Known as the knifetooth sawfish, extant
Anoxypristis is represented by only one species, A.
cuspidate (Latham, 1794), that is restricted to shal-
low coastal seas of the Indo-Pacific Oceans and
feed primarily on small fish and invertebrates
(Compagno and Last, 1999; Faria et al., 2013; Last
et al., 2016a). The Venice Anoxypristis sp. rostral
spines bear some resemblance to those of the
Eocene taxa and the extant species, A. cuspidata
(Latham, 1794), but they are narrower, have a
more consistent width, and lack well-developed
apical barbs (Compagno and Last, 1999; Cappetta,
2012; Cappetta and Case, 2016). It is currently
uncertain if these Venice Anoxypristis rostral
spines derive from a distinct, previously overlooked
late Cenozoic fossil taxon or represent ontogenetic
variation present in a previously described species.
As such, we identify these rostral spines conserva-
tively as Anoxypristis sp.

Pristis cf. P. pristis (Linnaeus, 1758)
Figure 15M–EE

Referred specimens. Two rostral spines (UF-
VP561823–UF-VP561824) and two oral teeth (UF-
VP561825–UF561826).
Description. Each rostral spine is dorsoventrally
compressed, displays a rounded anterior tooth
edge, and flattened, posterior spine edge contain-
ing a shallow groove. The largest rostral spine
measures 51.46 mm long, is 13.62 mm wide near
the spine base, and is 7.10 mm thick dorsoven-
trally. The dorsal and basal spine faces contain lon-
gitudinal furrows that extend from the spine base to
the apex. The spine base has a porous texture.
The oral teeth are globular and elongated in the
anteroposterior direction and have a transverse
ridge that separates the well-developed lingual
uvula from the labial crown surface. The largest
oral tooth is 1.4 mm tall and 0.92 mm wide. A sin-
gle nutritive foramen occurs on either side of the
lingual uvula near the crown-root junction. The
labial face of the oral teeth is convex, and the
crown overhangs the root base. The root extends
beyond the lingual crown surface and is bisected

with a nutritive groove, and a single, central nutri-
tive foramen is also present.
Remarks. The presence of rostral spines that are
large, posteriorly curved, and have a shallow
groove on the posterior surface and small, globular
and anteroposterior elongated oral teeth, distin-
guishes the largetooth sawfish, P. cf. P. pristis,
described here from Anoxypristis sp. that also
occurs in the Venice Elasmobranch Assemblage.
Presently, P. pristis is one of four Pristis spp. recog-
nized globally (i.e., P. pristis, P. pectinata, P. zijs-
ron, and P. clavata) based on genetic and
morphological studies (Faria et al., 2013; Dulvy et
al., 2016; Byler, 2017). Although the rostral spines
of A. cuspidata and Pristiophorous spp. may
appear similar to those of Pristis spp., they have
thinner, more hook-like rostral spines with different
internal structures (Wueringer et al., 2009; Welton
et al., 2015; Byler, 2017; Nevatte et al., 2017).
Regarding the rostral spines of other extant pris-
tids, those of P. pectinata appear most similar to
those of P. pristis but are thinner, compressed in
the anteroposterior direction, and may not exhibit a
shallow groove on the posterior spine surface.
Similarly, the rostral spines of P. zijsron and P. clav-
ata are also thinner and more triangular and
acutely pointed than those of P. pristis (Byler,
2017). The identification of P. cf. P. pristis in the
Venice Elasmobranch Assemblage is also sup-
ported by the presence of oral teeth that are small,
globular, and anteroposteriorly elongated and have
a well-developed lingual uvula and transverse
ridge on the occlusal surface. The Venice Pristis
oral teeth, although infrequent, appear similar to
those of P. pristis figured by Cappetta (2012) in
contrast to the oral teeth of P. pectinata figured by
Herman et al. (1997) and Reinecke et al. (2023). In
particular, the globular and mesiodistally com-
pressed form of P. pectinata oral teeth contrasts
with that of P. pristis that is typically broader, more
erect, and have a lingual uvula that extends almost
the same length as the root base (Cappetta, 2012).

As indicated by Cappetta (2012) and Kent
(2018), numerous Pristis taxa, including P. aquitan-
icus Delfortrie, 1871, P. atlanticus Zbyszewski,
1947, and P. caheni Dartevelle and Casier, 1959,
have been identified since the Eocene from iso-
lated and/or fragmentary rostral spines across the
North Atlantic. However, the degree of ontogenetic
and intraspecific variation present in rostral spines
from these taxa as well as their overall similarity
with extant taxa, has not been assessed (Herman
et al., 1997; Purdy et al., 2001; Cappetta, 2012).
Although rostral spines in the Venice Elasmo-
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branch Assemblage identified as P. cf. P. pristis all
exhibit a groove along the posterior edge and are
larger in size than those identified as Anoxypristis
sp., we tentatively identify the isolated remains as
P. cf. P. pristis due to the lack of articulated rostra
from the Miocene–Pliocene of Florida and uncer-
tain degree of ontogenetic variation in P. pristis ros-
tral spines.

The extant largetooth sawfish, P. pristis, is
known to occur in localized populations in mid-lati-
tudinal shelf regions globally and prey upon numer-
ous vertebrates and invertebrates (Breder, 1952;
Faria et al., 2013; Fernandez-Carvalho et al.,
2014). In particular, P. pristis has been reported
from the west coast of Mexico, Central America,
and in northern and eastern South America (Faria
et al., 2013; Last et al., 2016a). Although P. pristis
has been historically reported from the Gulf of Mex-
ico, its presence is unconfirmed (e.g., Faria et al.,
2013; Seitz and Waters, 2018).

Order RAJIFORMES Berg, 1940
Family RAJIDAE Blainville, 1816

Rajidae gen. indet.
Figure 15FF–TT

Referred specimens. Three teeth consisting of
two male teeth (UF-VP561079–UF-VP561080) and
one female tooth (UF-VP561081).
Description. Teeth of Rajidae gen. indet. are
known to exhibit marked sexual heterodonty. Males
have teeth with narrow, erect cusps in contrast to
the teeth of females that have relatively short, flat-
tened crowns. The largest tooth of Rajidae gen.
indet. in the Venice Elasmobranch Assemblage is
a male tooth that is 1 mm in height and 0.86 mm in
width. In male teeth, the elongate cusp is centrally
located and angled lingually, the crown overhangs
the root base, the labial face forms a rounded, con-
vex lip, and the lingual face may bear a central
concavity along the margin. The root of male teeth
is lingually displaced and consists of two well-
developed lobes with relatively flat basal faces.
The root lobes may extend beyond the lingual
crown face. In contrast, female teeth have a low,
lingually directed crown that slightly overhangs the
root base. The female tooth identified in this study
(Figure 14PP–TT) is 0.67 mm in height and 1.68
mm in width. In occlusal view, a shallow depression
is present between the central portion of the crown
and the lateral crown edges. Similar to the roots of
male teeth, those of females are displaced lingually
and separated into two distinct lobes with flat basal
faces, but the roots do not extend beyond the lin-
gual crown face. 

Remarks. Rajids are skates. The small-sized teeth
with lingually displaced root lobes that have either
a narrow, centralized cusp, or a short, lingually dis-
placed crown distinguish male and female teeth of
rajids from those of Hypanus cf. H. say, Hypanus
cf. H. americanus, Pristis cf. P. pristis oral teeth,
Mobula cf. M. hypostoma, and M. cf. M. birostris
that also occur in the Venice Elasmobranch
Assemblage. The male and female teeth of Raji-
dae gen. indet. described here differ from those of
Atlantoraja (Raja) ceciliae (Steurbaut and Herman,
1978) and R. gentili (Joleaud, 1912) because teeth
from these taxa have a wider, centrally located
cusp and thinner crowns or completely lack cutting
edges, respectively (Cappetta, 1970; Ward and
Bonavia, 2001; Reinecke et al., 2011; Bor et al.,
2012; Reinecke, 2015). The teeth of Dipturus
(Raja) casieri (Steurbaut and Herman, 1978)
resemble those of Rajidae gen. indet. in the Venice
Elasmobranch Assemblage because they exhibit a
conical, centrally located, and lingually inclined
cusp, a crown that overhangs the root base in male
teeth and female teeth, and diverging, lingually dis-
placed roots with flat basal faces (Bor et al., 2012).
However, the teeth of D. (R.) casieri also appear
similar to those identified as Raja sp. and inter-
preted to be those of D. (R.) laevis (Mitchill, 1815)
by Purdy et al. (2001). While male teeth exhibit a
consistent cuspidate morphology, female teeth of
D. laevis possess low, lingually displaced crowns
or nearly flat occlusal faces that have a polygonal
outline (Bigelow and Schroeder, 1948b; Purdy et
al., 2001).

Although many fossil skate teeth have been
assigned to “Raja”, the family Rajidae is extremely
diverse with at least 17 genera and 154 species,
many of which occur in cold, deep waters on conti-
nental slopes and abyssal plains (Last et al.,
2016a). In particular, Last et al. (2016a) indicated
that at least four species of skates are presently
known to occur in shallow (<100 m) continental
shelf waters of the Gulf of Mexico including: Dip-
turus olseni (Bigelow and Schroeder, 1951), Leu-
coraja lentiginosa (Bigelow and Schroeder, 1951),
Rostroraja eglanteria (Lacepéde, 1800), and R.
texana (Chandler, 1921). Six additional taxa also
occur in adjacent shallow waters of the Atlantic
Coastal Plain of the USA and western Central
America and include: D. laevis (Mitchill, 1815), L.
erinaca (Mitchill, 1825), L. garmani (Whitely, 1939),
L. ocellata (Mitchill, 1815), R. equatorialis (Jordan
and Bollman, 1889), and R. velezi (Chirichigno,
1973). Interestingly, no extant taxa belonging to
Raja are known to occur in the Gulf of Mexico or
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along the Atlantic Coastal Plain of the USA. The
teeth of Rajidae gen. indet. described in this report
bear some resemblance to those of Dipturus and
Leucoraja. However, the infrequent occurrence of
these teeth in the Venice Elasmobranch Assem-
blage, uncertain degree of ontogenetic and sexual
variation, and lack of ample modern comparative
specimens makes their specific taxonomic identifi-
cation extremely difficult. As a result, we conserva-
tively assign these teeth to Rajidae gen. indet. until
a larger sample size of fossil and modern speci-
mens can be studied.

Order MYLIOBATIFORMES Compagno, 1973
Family DASYATIDAE Jordan and Gilbert, 1879

Genus HYPANUS Rafinesque, 1818
Hypanus cf. H. say (Lesueur, 1817)

Figure 16A–NN
Referred specimens. Ten teeth consisting of five
low-crowned, female type teeth (UF-VP561827–
UF-VP561831), three cuspidate male type teeth
(UF-VP561834–UF-VP561836), and two additional
teeth (UF-VP561832–UF-VP561833).
Description. “Dasyatid-like” teeth, including those
of Hypanus, are known to be highly variable and
exhibit sexual dimorphism. In general, the tooth
crowns of females are globular in shape and the
tooth crowns of males are triangular, elongated,
and hook-like. Using these general characteristics,
we identify teeth from both female and male
Hypanus cf. H. say in the Venice Elasmobranch
Assemblage. The largest, low-crowned, female
type tooth measures 3.17 mm in length and 2.92
mm in height. Female teeth have a slightly convex,
globular and quadrangular shape, occlusal sur-
faces that contain an abundance of small surface
pits and a U-shaped lingual visor that is subdivided
into two marginal faces by a dorsoventral ridge.
The bilobate roots of female teeth may extend
slightly beyond the lingual visor and have round,
peg-like basal surfaces that are gently inclined in
the posterior direction. In contrast, the largest, cus-
pidate male type tooth figured measures 2.09 mm
in length and 1.89 mm in height. Male teeth have
elongated, triangular to slightly conical, hook-like
crowns that are smooth on the lingual surface,
irregularly pitted and furrowed on the labial sur-
face, and are lingually inclined. The roots of male
teeth begin on the lingual half of the crown base,
are short and peglike, angled in the posterior direc-
tion, and protrude slightly beyond the lingual sur-
face.
Remarks. “Dasyatid-like” teeth are frequently
recovered in the Venice Elasmobranch Assem-

blage; however, they have highly variable morphol-
ogies and exhibit differing degrees of dignathic,
ontogenetic, and sexual heterodonty, as well as
seasonal variations (Kajiura and Tricas, 1996; Kaji-
ura et al., 2000; Herman et al., 1998, 1999, 2000;
Rangel et al., 2014; Cappetta, 2012; Underwood et
al. 2015; Reinecke et al., 2023). Recently, Last et
al. (2016a, 2016b) conducted phylogenetic studies
supported by morphological data that indicated the
family Dasyatidae consists of four major subfami-
lies (Dasyatinae, Neotrygoninae, Urogymninae,
and Hypolophinae) and 89 recognized species. In
particular, the subfamily Dasyatinae consists of
eight genera, including Dasyatis and Hypanus.
Hypanus is a resurrected stingray genus that was
previously considered to be a junior synonym of
Dasyatis and now consists of eight species, most
of which occur in the western Atlantic and eastern
Pacific (Last et al., 2016a, 2016b). Currently
Dasyatis has been reduced to a group of five spe-
cies that occur in the eastern Atlantic, Mediterra-
nean, and southwest Indian Ocean (Last et al.,
2016a, 2016b). Despite an updated analysis of
extant stingray taxonomy, very few reports have
documented the dental morphology of these taxa
making the identification of isolated fossil teeth
extremely difficult (Bigelow and Schroeder, 1953;
Herman et al., 1998; Cappetta, 2012; Reinecke et
al., 2023). To date, over 70 species have been
identified as belonging to Dasyatis from isolated
fossil teeth with a “dasyatid-design” (Cappetta,
2012). Many of these fossil taxa likely belong to
other genera besides Dasyatis, represent sexual
heterodonty or other tooth variations in specific
species, and some might be synonymized with
extant species (Ward, 1979; Kajiura and Tricas,
1996; Kajiura et al., 2000; Cappetta, 2012; Rangel
et al., 2014; Reinecke et al., 2023).

Teeth identified as Hypanus cf. H. say in the
Venice Elasmobranch Assemblage can be differ-
entiated from those of other taxa including
Hypanus cf. H. americanus, Mustelus sp., Rhyn-
chobatus sp., Rhinobatos sp., as well as other
“dasyatids” by their small size, a slightly convex,
furrowed occlusal surface, short lingual visor that
may be separated into two marginal faces, and lin-
gually displaced and peg-like roots that represent
female and immature male teeth. Mature male
teeth of this taxon have enlarged, triangular to
slightly conical cusps that may bear a dendritic–fur-
rowed labial surface. However, teeth belonging to
the extant taxa H. americanus (Hildebrand and
Schroeder, 1928) and H. sabinus (Lesueur, 1824)
are very similar to those of H. cf. H. say. Teeth of H.
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FIGURE 16. Myliobatiform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida conti-
nental shelf. A–NN, Hypanus cf. H. say teeth (UF-VP561827–UF-VP561831; UF-VP561834–UF-VP561836). Orienta-
tions = lingual: A, F, K, P, U, Z, EE, JJ; labial: B, G, L, Q, V, AA, FF, KK; lateral: C, H, M, R, W, BB, GG, LL; occlusal: D,
I, N, S, X, CC, HH, MM; basal: E, J, O, T, Y, D, II, NN. All scale bars = 1 mm.
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americanus typically have low crowns that are
slightly pitted or furrowed and as long as they are
wide in females and immature males, whereas
those of mature males typically exhibit a broader,
triangular cusp that may contain an irregular and
central furrow on the labial face that is either
smooth or exhibits a dendritic furrowed pattern
(Bigelow and Schroeder, 1953; Berkovitz and
Shellis, 2017; Reinecke et al., 2023). In contrast,
teeth of H. sabinus may be more polygonal–globu-
lar in females and immature males, whereas teeth
of mature males typically exhibit a basally widened,
apically narrow, elongated, and greatly lingually
inclined cusp that may contain furrows on the labial
face (Bigelow and Schroeder, 1953; Kajiura and
Tricas, 1996). Pteroplatytrygon violacea (Bona-
parte, 1832) teeth are distinct from those of H. cf.
H. say, because they are mesiodistally elongated
and dorsoventrally compressed, have triangular to
spade-like crowns that are not pitted on the cusp
apex in male teeth, and also frequently have an
enlarged, ellipse-shaped nutritive foramen
between the root lobes (Herman et al., 1998;
2000). Other morphologically similar taxa presently
occurring within or in proximity to the Gulf of Mex-
ico include H. guttatus (Bloch and Schneider,
1801), H. dipterurus (Jordan and Gilbert, 1880),
and H. longus (Garman, 1880). These taxa also
have teeth similar to H. cf. H. say. However, extant
jaw and tooth samples from both females and
males or high-resolution published tooth images
from these taxa are currently not available. 

Previously identified fossil teeth similar to
those of H. cf. H. say include Bathytoshia probsti
(Cappetta, 1970), Dasyatis rugosa (Probst, 1877),
D. strangulata (Probst, 1877), and D. dia-
napizarroae Laurito Mora, 1999. However, teeth
from B. probsti and D. rugosa are most frequently
reported from Oligocene–Miocene localities and
have occlusal surfaces that are noticeably more
furrowed and pitted than those of H. cf. H. say in
the Venice Elasmobranch Assemblage (Cappetta,
1970; Bor et al., 2012; Reinecke, 2015; Reinecke
and Radwański, 2015; Kent, 2018; Reinecke et al.,
2023). In contrast, teeth identified as D. dia-
napizarroae Laurito Mora, 1999 from the Miocene–
Pliocene of Costa Rica appear somewhat similar to
those of H. cf. H. say; however, it is not clear how
distinct D. dianapizarroae teeth are from the
numerous extant taxa found in the Gulf of Mexico
and western Atlantic leaving this taxon’s validity in
question. Purdy et al. (2001) documented both D.
say and D. cf. D. americana from the Miocene–
Pliocene of North Carolina. However, several dif-

ferent types of tooth morphologies are represented
in their study and only male teeth of D. cf. D. amer-
icana were identified. Dasyatid teeth are extremely
common in Neogene marine deposits throughout
Florida and, in fact, are the most common elasmo-
branch species present in the late Miocene Mont-
brook Fossil Site (Perez, 2022). 

The extant bluntnose stingray, Hypanus say
(Lesueur, 1817), southern stingray, Hypanus amer-
icanus (Hildebrand and Schroeder, 1928) and
Atlantic stingray, Hypanus sabinus (Lesueur, 1817)
occur in shallow continental shelf waters of the
western Atlantic and Gulf of Mexico (Bigelow and
Schroeder, 1953; Kajiura and Tricas, 1996; Last et
al., 2016a). These taxa have similar tooth morphol-
ogies, prey, and habitat preferences, and as a
result, we tentatively identify Hypanus cf. H. say in
the Venice Elasmobranch Assemblage (e.g., Bige-
low and Schroeder, 1953; Kajiura and Tricas, 1996;
Last et al., 2016a). This interpretation is in agree-
ment with extant teeth of Hypanus say, where the
teeth in Figure 16 of this study correspond well with
those figured in Reinecke et al. (2023; Plates 64
C1–C5; 65 C1–C5; 66 B1–B5; 66 C1–C5; 66 D1–
D5; 67 B1–B5 and C1–C5).

Hypanus cf. H. americanus 
(Hildebrand and Schroeder, 1928)

Figure 17A–NN
Referred specimens. Ten teeth consisting of four
low-crowned, female-type teeth (UF-VP561837–
UF-VP561840), four cuspidate male-type teeth
(UF-VP561843–UF-VP561846), and two additional
teeth (UF-VP561841–UF-VP561842).
Description. Similar to the description of Hypanus
cf. H. say above, the male and female teeth of H.
americanus are also known to be highly variable
and exhibit sexual dimorphism. In general, the
tooth crowns of females are globular in shape, and
the tooth crowns of males are triangular, elon-
gated, and hook-like. In the Venice Elasmobranch
Assemblage, two additional tooth morphotypes dis-
tinct from those of H. cf. H. say are represented,
and they are interpreted to correspond to female
and male teeth of H. cf. H. americanus. The largest
figured female tooth measures 2.62 mm in length
and 3.08 mm in height. Female teeth have a con-
vex, globular and quadrangular shape, occlusal
surfaces that contain an abundance of small sur-
face pits and a U-shaped lingual visor that is subdi-
vided into two marginal faces by a dorsoventral
ridge. The bilobate roots of female teeth may
extend slightly beyond the lingual visor and have
round, peg-like basal surfaces that are gently
inclined in the posterior direction. In contrast, the
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FIGURE 17. Myliobatiform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida conti-
nental shelf. A–NN, Hypanus cf. H. americanus teeth (UF-VP561837–UF-VP561840; UF-VP561843–UF-VP561846).
Orientations = lingual: A, F, K, P, U, Z, EE, JJ; labial: B, G, L, Q, V, AA, FF, KK; lateral: C, H, M, R, W, BB, GG, LL;
occlusal: D, I, N, S, X, CC, HH, MM; basal: E, J, O, T, Y, D, II, NN. All scale bars = 1 mm.
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largest male tooth measures 1.94 mm in length
and 1.89 mm in width. Male teeth have elongated,
triangular to slightly conical, hook-like crowns that
are smooth on the lingual face, irregularly pitted
and furrowed on the labial face, and are lingually
inclined. The roots of male teeth begin on the lin-
gual half of the crown base, are short and peg-like,
angled in the posterior direction, and protrude
slightly beyond the lingual surface. 
Remarks. Teeth identified as H. cf. H. americanus
in the Venice Elasmobranch Assemblage can be
differentiated from those of other taxa including H.
cf. H. say, Mustelus sp., Rhynchobatus sp., Rhino-
batos sp., as well as other “dasyatids” by their
small size, a convex, pitted occlusal surface, short
lingual visor that is frequently separated into two
marginal faces, and lingually displaced and peg-
like roots that represent female and immature male
teeth. Mature male teeth of this taxon have
enlarged, triangular to slightly conical cusps that
may bear a pitted labial surface or appear smooth.
However, teeth belonging to the extant taxa, H. say
(Lesueur, 1817) and H. sabinus (Lesueur, 1824),
are very similar to those of H. cf. H. americanus. As
seen in Figure 16 of this study and Plates 64–67 of
Reinecke et al. (2023), teeth of H. cf. H. say typi-
cally have low crowns that are furrowed or only
slightly pitted and typically as long as they are wide
in females and immature males, whereas those of
mature males typically exhibit a broader, triangular
cusp that may contain an irregular, centralized fur-
row on the labial surface or a dendritic appearance
(Bigelow and Schroeder, 1953; Berkovitz and
Shellis, 2017; Reinecke et al., 2023). In contrast,
H. sabinus teeth may be more polygonal–globular
in female and immature males, whereas teeth of
mature males typically exhibit a basally widened,
apically narrow, elongated, and greatly lingually
inclined cusp that may contain furrows on the labial
surface (Bigelow and Schroeder, 1953; Kajiura and
Tricas, 1996). Pteroplatytrygon violacea (Bona-
parte, 1832) teeth are distinct from those of H. cf.
H. americanus, because they are mesiodistally
elongated and dorsoventrally compressed, have
triangular to spade-like crowns that are not pitted
on the cusp apex in male teeth, and also frequently
have an enlarged, ellipse-shaped nutritive foramen
between the root lobes (Herman et al., 1998; 2000;
Reinecke et al., 2023). Bathotoshia centroura
(Mitchill, 1815) teeth are also distinct from those of
H. cf. H. americanus due to the presence of irregu-
lar furrows and pits on the occlusal and upper lin-
gual surfaces and a more elongated lingual visor
(Reinecke et al., 2023). It is also important to note

that, although many taxonomic descriptions of
Dasyatis and Hypanus teeth utilize occlusal sur-
face ornamentation as a distinguishing feature, this
characteristic alone should not be relied upon to
distinguish among taxa. In particular, occlusal sur-
face ornamentation is frequently abraded from
feeding activity and further reduced or even
removed from taphonomic reworking and abrasion
of fossil specimens (Reinecke et al., 2011; Bor et
al., 2012; Cappetta, 2012).

Fossil taxa that have been identified based on
teeth similar to those of H. cf. H. americanus
include Bathytoshia probsti (Cappetta, 1970),
Dasyatis rugosa (Probst, 1877), D. delfortrieri Cap-
petta 1970, and D. dianapizarroae. Of these taxa,
teeth from B. probsti and D. rugosa typically have
occlusal surfaces that are much more heavily fur-
rowed and biostratigraphic ranges typically
restricted to the Oligocene–Early Miocene of
Europe (Cappetta, 1970; Bor et al., 2012;
Reinecke, 2015; Reinecke and Radwański, 2015;
Kent, 2018; Reinecke et al., 2023). Teeth of D. del-
fortrieri are similar to those of D. rugosa but have
more regularly spaced ridges and pits on the occlu-
sal surface, a completely wrinkled lingual surface,
and D. delfortrieri was likely extinct by the Middle
Miocene (Reinecke et al., 2005, 2008, 2011; Kent,
2018). Dasyatis dianapizarroae Laurito Mora,
1999, from the Miocene–Pliocene of Costa Rica
appear somewhat similar to those of H. cf. H.
americanus identified in this study due to the pitted
or weakly furrowed, flat to slightly globular occlusal
surfaces. However, it is not clear how distinct the
teeth of D. dianapizarroae are from those of the
numerous extant taxa found in the Gulf of Mexico
and western Atlantic including H. americanus that
is known to occur off the present-day coast of
Costa Rica (Last et al., 2016a). Purdy et al. (2001)
identified a single male tooth of H. cf. H. ameri-
canus that is scoop-like and lingually inclined and
exhibits a well-developed, centralized furrow on the
labial surface that compares favorably with those in
the Venice Elasmobranch Assemblage, and also
contrasts with male teeth of H. say that are more
triangular in shape and have irregularly pitted or
furrowed occlusal surfaces. 

Currently, a variety of extant stingrays with
similar tooth morphologies and prey preferences
occur in the Gulf of Mexico (see H. say remarks
section). However, those that frequent shallow con-
tinental shelf waters include the southern stingray
H. americanus (Hildebrand and Schroeder, 1928),
Atlantic stingray H. sabinus (Lesueur, 1817), and
bluntnose stingray H. say (Lesueur, 1817) (Bigelow
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and Schroeder, 1953; Kajiura and Tricas, 1996;
Last et al., 2016a). As a result of the variety in
stingray dentitions and overlapping ranges of mod-
ern taxa, we conservatively identify our materials to
H. cf. H. americanus in the Venice Elasmobranch
Assemblage (e.g., Bigelow and Schroeder, 1953;
Kajiura and Tricas, 1996; Last et al., 2016a).
Family RHINOPTERIDAE Jordan and Evermann, 

1896
Genus RHINOPTERA Cuvier, 1829

Rhinoptera cf. R. bonasus (Mitchill, 1815)
Figure 18A–Q

Referred specimens. Eight specimens consisting
of median and lateral teeth and an isolated pave-
ment plate (figured teeth: UF-VP561082–UF-
VP561083; UF-VP561088; UF-VP561087, and
additional teeth: UF-VP561084–UF-VP561086;
UF-VP561089).
Description. The largest specimen is represented
by a median tooth that measures 26.88 mm wide,
6.41 mm thick, and 5.53 mm tall. The crowns of
median and lateral teeth have nearly flat and
smooth hexagonal occlusal surfaces, are mesodis-
tally elongated, and have crowns that are notice-
ably thicker than the roots. The base of the tooth
crown overhangs the root on all but the lingual
side, and the crown edges are heavily wrinkled
forming dorsoventral furrows. The root is polyaula-
corhizous and contains equidimensional nutritive
grooves. 
Remarks. The presence of mesiodistally elon-
gated, nearly flat crowns with hexagonal occlusal
surfaces and crowns that are noticeably thicker
than the roots distinguish the cownose ray, R. cf. R.
bonasus, teeth described here from those of Mylio-
batis sp. and Aetomylaeus sp., which also occur in
the Venice Elasmobranch Assemblage. Median
and lateral teeth of Rhinoptera sp. are also fre-
quently similar in size, and they have angular
edges with irregular, vertical ridges that correspond
with the articular surfaces of adjoining teeth (e.g.,
Nishida, 1990; Herman et al., 2000; Hulbert, 2001;
Purdy et al., 2001; Cappetta, 2012; Hovestadt and
Hovestadt-Euler, 2013). The number of median
and lateral teeth in extant Rhinoptera is known to
be highly variable, and as a result, specific identifi-
cations of fossil material based on isolated teeth or
tooth plates are difficult (Kent, 2018). Although the
Rhinoptera teeth in the Venice Elasmobranch
Assemblage resemble those of R. bonasus, sev-
eral other Rhinoptera species are known to occur
in the western Atlantic and eastern Pacific includ-
ing R. brasiliensis Müller, 1836 and R. stein-
dachneri Evermann and Jenkins, 1891,

respectively; however, because distinctions among
taxa are subtle (Last et al., 2016a), we conserva-
tively identify the teeth described here as R. cf. R.
bonasus. In the Gulf of Mexico and along the Atlan-
tic Coastal Plain of the USA, extant R. bonasus is
known to seasonally migrate in large schools and
feeds upon a wide variety of invertebrates and
small vertebrates (Schwartz, 1990; Neer et al.,
2005; Collins et al., 2007; Last et al., 2016a;
Ogburn et al., 2018; Bangley et al., 2021).

Family MOBULIDAE Bonaparte, 1838
Genus MOBULA Rafinesque, 1810

Mobula cf. M. hypostoma (Bancroft, 1831)
Figure 18R–FF

Referred specimens. Three teeth (UF-
VP561090–UF-VP561092).
Description. Teeth are small and delicate having a
lingually inclined, cuspidate to comb-like crown.
The largest tooth is 1.73 mm wide and 1.51 mm in
height. The crown may have a single cusp or be
divided into multiple cusps of slightly different
heights. The labial face may contain irregular folds
or furrows, and the lingual face is typically smooth.
The crown is wider and taller than the root base.
The root base may contain two peg-like lobes or be
subdivided into two or more lobes separated by
nutritive grooves.
Remarks. Mobula hypostoma is the lesser devil
ray, and the extant form is known from the south-
eastern USA, Gulf of Mexico, Caribbean, and east-
ern coast of South America in continental shelf
waters (Stevens et al., 2018). It is a small (~125 cm
wide) planktivorous mobulid species and occasion-
ally travels in small groups or even larger schools
(Last et al., 2016a; Stevens et al., 2018; White et
al., 2018). Mobula teeth are highly variable within
individual species, exhibiting various degrees of
ontogenetic, sexual, monognathic, and dignathic
heterodonty, but the Venice teeth are most similar
to those of M. hypostoma and thus are identified as
M. cf. M. hypostoma (e.g., Notarbartolo-di-Sciara,
1987; Adnet et al., 2012; Cappetta, 2012). The
small, delicate, lingually inclined teeth with bi- or
multi-lobate roots distinguish teeth of Mobula cf. M.
hypostoma described here from those of other
batoids in the Venice Elasmobranch Assemblage
including M. cf. M. birostris, Rhynchobatus, Rhino-
batos, Hypanus, and Rajidae gen. indet. Prior stud-
ies have indicated that Mobula diverged from
Rhinoptera in the Oligocene, and additional short
pulses of speciation occurred in the Middle Mio-
cene and Pliocene–Pleistocene (e.g., Adnet et al.,
2012; Poortvliet et al., 2015; White et al., 2018).
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FIGURE 18. Myliobatiform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida conti-
nental shelf. Rhinoptera cf. R. bonasus median teeth (A–H, UF-VP561082–UF-VP561083); lateral teeth (I–L, UF-
VP561088–UF-VP561089); partial pavement plate (M–Q, UF-VP561087). R–FF, Mobula cf. M. hypostoma (UF-
VP561090–UF-VP561092). GG–KK, Mobula cf. M. birostris (UF-VP561093). Orientations = lingual: A, E, I, O, R, W,
BB, GG; labial: B, F, J, P, S, X, CC, HH; occlusal: C, G, K, M, U, Z, EE, JJ; basal: D, H, L, N, V, AA, FF, KK; lateral: Q,
T, Y, DD, II. Scale bars: A–L = 5 mm; M–Q = 1 cm; R–KK = 1 mm.
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Cappetta (1970) recognized three Miocene
Mobula species from France (M. loupianensis, M.
pectinata, and M. fragilis). They are all identified as
valid taxa by Adnet et al. (2012) and are also
reported in the Miocene of Maryland (Kent, 2018).
The teeth of M. cf. M. hypostoma described here
can be distinguished from those of M. loupianensis
because they have more ornamented or irregular
crenulations on the labial face (Herman et al.,
2000; Adnet et al., 2012; Cappetta, 2012;
Reinecke and Radwański, 2015). The teeth of M.
pectinata are similar to those of M. loupianensis
although they have slightly folded labial faces and
the distal and mesial most portions of the cusp are
extended in the direction of the main cusp
(Cicimurri and Knight, 2009; Adnet et al., 2012).
The teeth of M. fragilis are readily distinguished
from other mobulid taxa because they have a lin-
gually inclined, comb-like cusp (Adnet et al., 2012;
Szabó et al., 2022). 

Mobula lorenzolizanoi was identified from the
Late Miocene–Early Pliocene of Costa Rica by
Laurito Mora (1999), but the validity of this taxon
from this locality has been questioned due to over-
all similarities in labial face folding and transverse
crest ornamentation with M. thurstoni (Lloyd, 1908)
(White et al., 2018). Laurito Mora (1999) also iden-
tified M. cf. M. hypostoma from this same Costa
Rican assemblage which was the oldest known
example of this extant taxon. The occurrence of M.
cf. M hypostoma in the Venice Elasmobranch
Assemblage further supports a Miocene–Pliocene
existence of M. hypostoma.

Mobula cf. M. birostris (Walbaum, 1792)
Figure 18GG–KK

Referred specimens. Two teeth (figured tooth:
UF-VP561093 and additional tooth: UF-
VP561094).
Description. Teeth are small and erect. The larg-
est tooth is 2.16 mm tall and 1.80 mm wide. The
labial and lingual faces are convex, and the occlu-
sal surface is flat, displaced lingually, and over-
hangs the lingual tooth surface. The upper surface
and edges of the occlusal surface may be irregular
or crenulated. The tooth roots are bulbous and
stalk-like. The root base is wider than the upper
portion.
Remarks. Mobula birostris is the oceanic manta
ray, which is the largest extant ray species (i.e., up
to ~700 cm wide) and currently occurs along most
mid-latitudinal continental shelves and oceanic
islands as well as the Gulf of Mexico (Stevens et
al., 2018). This planktivorous taxon is typically
pelagic where it travels in small groups or even

larger schools although occasionally frequents
shallow shelf waters (Last et al., 2016a; Stevens et
al., 2018; White et al., 2018). As with other mobu-
lids, teeth of M. birostris are known to exhibit vari-
ous degrees of ontogenetic, sexual, monognathic,
and dignathic heterodonty (e.g., Adnet et al.,
2012); thus, we conservatively identify the teeth
described here as M. cf. M. birostris. 

The small-sized, stalk-like teeth with bulbous
roots distinguish teeth of Mobula cf. M. birostris
described here from those of other batoids in the
Venice Elasmobranch Assemblage including M. cf.
M. hypostoma, Rhynchobatus, Rhinobatos,
Hypanus spp., and Rajidae gen. indet. Although
previously classified as M. birostris, genetic and
morphological analyses by White et al. (2018) syn-
onymized Manta with Mobula. Teeth of M. mobula
may appear similar to those of M. cf. M. birostris;
however, they can be distinguished because the
occlusal surface is less ornamented, and they have
well-developed nutritive grooves on the basal root
face (Herman et al., 2000; Adnet et al., 2012).

Family MYLIOBATIDAE Bonaparte, 1838
Genus AETOMYLAEUS Garman, 1908

Aetomylaeus sp.
Figure 19A–GG

Referred specimens. Three fragmentary pave-
ment plates (UF-VP561095–UF-VP561097) and
six isolated teeth consisting of four median teeth
(UF-VP561098–UF-VP561101) and two lateral
teeth (UF-VP561102–UF-VP561103). 
Description. The largest tooth plate, although
fragmentary, measures 47.59 mm long, 28.81 mm
in maximum width, and 13.38 mm in maximum
occlusobasal thickness and consists of only
median teeth. The largest isolated tooth is a frag-
mentary median tooth that measures 12.65 mm in
height, 46.59 mm in width, and 9.92 mm thick, and
the largest isolated lateral tooth measures 19.40
mm in width, 6.53 mm in height, and 8.89 mm
thick. Partial pavement plates preserve primarily
median teeth and some lateral teeth. Median and
lateral teeth are well-interlocked, median teeth are
taller and thicker, and lateral teeth are compressed
and the occlusal surface is nearly as large as the
root base. The basal surface of pavement plates
exposes tooth roots that are lingually displaced in
relation to the occlusal surface. The crowns of the
median teeth are mesiodistally elongated, smooth,
arcuate, convex, and the lateralmost edge is flat
and tapered to a point. The crowns of lateral teeth
are mesiodistally compressed and labiolingually
extended and the occlusal surfaces are irregular
diamond- to rhombus-shaped. The crowns of
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FIGURE 19. Myliobatiform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida conti-
nental shelf. Aetomylaeus sp. pavement plates (A–I, UF-VP561095–UF-VP561097); median teeth (J–Y, UF-
VP561098–UF-VP561101); lateral teeth (Z–GG, UF-VP561102–UF-VP561103). Orientations = occlusal: A, D, G, L, P,
T, X, BB, FF; lateral: B, E, H; basal: C, F, I, M, Q, U, Y, CC, GG; lingual: J, N, R, V, Z, DD; labial: K, O, S, W, AA, EE. All
scale bars = 1 cm.
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median and lateral teeth are thick relative to the
tooth roots and overhang the root on all but the lin-
gual face. In cross-section, the crowns have a
rhombus-like shape. Median and lateral tooth roots
are robust, medially thickened, polyaulacorhizous
and contain numerous, nutritive grooves that are
easily visible on the basal and lingual root faces
and extend beyond the lingual tooth face. 
Remarks. Aetomylaeus is an eagle ray genus,
consisting of seven extant species recognized
globally that typically occur in shallow marine envi-
ronments where they feed upon a variety of inver-
tebrates and small vertebrates (White, 2014; Last
et al., 2016a). In the Gulf of Mexico, the roughskin
eagle ray, A. asperrimus (Gilbert in Jordan and
Evermann, 1898), has been reported, but its abun-
dance and distribution are not well known (Last et
al., 2016a). The specimens of Aetomylaeus sp.
described here are represented by medially thick-
ened, mesiodistally elongated median teeth with
convex occlusal surfaces, rhombus-like cross sec-
tions, and roots that extend beyond the lingual
tooth surface. These characteristics distinguish the
teeth from those of other similar batoids in the Ven-
ice Elasmobranch Assemblage including Aetoba-
tus sp., Rhinoptera cf. R. bonasus, and Myliobatis
sp. Teeth of Aetobatus sp. appear most similar to
those of Aetomylaeus sp., but they lack lateral
teeth, possess lower pavement teeth that are chev-
ron-shaped, and have exceptionally elongated
roots and relatively smooth and uniform labial and
lingual faces (Herman et al., 2000; Cappetta, 2012;
Hovestadt and Hovestadt-Euler, 2013; Villafaña et
al., 2019). The teeth of Pteromylaeus sp. were pre-
viously identified as being similar to those of Mylio-
batis sp. with the exception of having arched
median teeth (Purdy et al., 2001; Cappetta, 2012;
Kent, 2018). However, this distinction made Ptero-
mylaeus teeth nearly identical to taxa previously
identified as Aetomylaeus. Subsequent molecular
and morphological studies have found Pteromy-
laeus to be deeply nested within Aetomylaeus, and
thus Pteromylaeus has been synonymized with
Aetomylaeus (Aschliman, 2011; Naylor et al., 2012;
White, 2014; Last et al., 2016a). Hence, fossil teeth
of Aetomylaeus are likely more widespread than
previously reported (Villafaña et al., 2019).

Fossil taxa with teeth similar to those of Aeto-
mylaeus include Pseudoaetobatus casieri Cap-
petta, 1986, P. belli Cicimurri and Ebersole, 2015,
and P. undulatus Cicimurri and Ebersole, 2015.
These taxa have all been reported from the
Eocene for median teeth that are gently arched,
centrally thickened, laterally flattened for articula-

tion with lateral teeth, and having roots that are
slightly displaced lingually (Cappetta, 2012;
Hovestadt and Hovestadt-Euler, 2013; Cicimurri
and Ebersole, 2015). The lateral teeth of Pseudeo-
aetobatus may be equidimensional with square–
rhombus shapes or have rounded distal margins,
and lateral teeth of P. undulatus have undulatory
occlusal surfaces (Cicimurri and Ebersole, 2015).
Teeth belonging to Aetobatus cappettai Antunes
and Balbino, 2006 and A. arcuatus (Agassiz, 1843)
may also appear similar to those of Aetomylaeus
sp. in the Venice Elasmobranch Assemblage.
Although A. cappettai is presently considered a
valid taxon identified in Late Neogene deposits
based on median teeth with thin and flat occlusal
surfaces, thickening in the central portion of the
tooth, tall roots that are not extensively lingually
displaced, and well-defined nutritive grooves,
these teeth may in fact represent those of juvenile
Aetobatus narinari (e.g., Reinecke et al., 2011;
Cappetta, 2012; Hovestadt and Hovestade-Euler,
2013; Fiahlo et al., 2019; Collareta et al., 2021).
Similarly, A. arcuatus has curved–chevron-shaped
median teeth with noticeably thickened central por-
tions, nearly vertical lateral tooth margins that do
not taper to a point, and the absence of lateral
teeth (Reinecke et al., 2011; Bor et al., 2012; Cap-
petta, 2012).

As with many fossil batoids, various species
have been identified for fragmentary specimens,
isolated teeth, or upper and lower jaw teeth belong-
ing to the same taxon (Cappetta, 2012; Hovestadt
and Hovestadt-Euler, 2013; Kent, 2018). The
highly variable dental morphology of pavement
teeth belonging to extant batoid genera, including
Aetomylaeus, makes the identification of isolated
fossil median and lateral pavement teeth extremely
difficult (Nishida, 1990; Herman et al. 2000;
Antunes and Balbino, 2006; Cappetta, 2012;
Hovestadt and Hovestadt-Euler, 2013; Cicimurri
and Ebersole, 2015; Collareta et al., 2021). In Ven-
ice, we have yet to recover intact, well-preserved
pavement plates or large isolated median teeth of
Aetomylaeus. As such, we refrain from species-
level taxonomic identification of isolated Aetomy-
laeus sp. teeth in the Venice Elasmobranch
Assemblage until further studies are conducted on
fossil and extant specimens.

Genus MYLIOBATIS Cuvier, 1816
Myliobatis sp.

Figure 20A–BB
Referred specimens. Nine specimens consisting
of one fragmentary pavement plate (UF-
VP561104) and eight isolated teeth consisting of
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FIGURE 20. Myliobatiform teeth from the Peace River and Tamiami formations on the shallow Venice, Florida conti-
nental shelf. A–BB, Myliobatis sp. median teeth (A–L; UF-VP561105–UF-VP561107), lateral teeth (M–X; UF-
VP561109–UF-VP561111), and partial pavement plate (Y–BB; UF-VP561104). CC–GG, Aetobatus cf. A. narinari
lower pavement tooth (UF-VP561113). Orientations = lingual: A, E, I, M, Q, U; AA, CC; labial: B, F, J, N, R, V; BB, DD;
lateral: EE; occlusal: C, G, K, O, S, W, Y, FF; basal: D, H, C, P, T, X, Z, GG. Scale bars: A–P = 5 mm; Q–X = 2 mm; Y–
GG = 10 mm.
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four median teeth (UF-VP561105–UF-VP561108)
and four lateral teeth (UF-VP561109–UF-
VP561112). Figured specimens: UF-VP561104–
UF-VP561107; UF-VP561109–UF-VP561111 and
additional teeth: UF-VP561108; UF-VP561112.
Description. The fragmentary pavement plate
measures 14.43 mm in width, 8.42 mm in height,
and 2.75 mm in thickness and consists of only
median teeth. The largest isolated tooth is a
median tooth that measures 30.13 mm in width,
6.90 mm in height, and 3.99 mm in thickness. The
crowns of the median and lateral teeth are
mesiodistally elongated, smooth, slightly arcuate,
weakly convex, and roughly hexagonal in occlusal
view. The crowns are thin relative to the tooth roots
and overhang the root on all but the lingual face.
Median and lateral tooth roots are polyaulacorhi-
zous and contain numerous, roughly equidimen-
sional, nutritive grooves. 
Remarks. Myliobatis is another eagle ray genus
with 11 extant species that are recognized globally
and typically occur in shallow marine environments
(White, 2014; Last et al., 2016a). In the Gulf of
Mexico and western Atlantic, the bullnose eagle
ray, M. freminvillei Lesueur, 1824, is relatively
abundant and known to feed upon a variety of
invertebrates and small vertebrates (Last et al.,
2016a). The southern eagle ray, M. goodei Gar-
man, 1885, also occurs in the western Atlantic, but
this species is currently not known from the Gulf of
Mexico. The teeth of Myliobatis sp. described here
are represented by a mesiodistally elongated form
with multiple nutritive grooves, flat to slightly con-
vex occlusal surfaces, and crowns that are thin rel-
ative to the root base. These features distinguish
them from those of other similar batoids in the Ven-
ice Elasmobranch Assemblage including Rhinop-
tera cf. R. bonasus and Aetomylaeus sp. In
particular, the teeth of Myliobatis sp. lack thickened
and arched median teeth, lack thickened and lin-
gually displaced roots, and may contain irregular
ornamentation on the lingual tooth surface (Cap-
petta, 2012; Villafaña et al., 2019). Median teeth of
Myliobatis also possess angular edges that corre-
spond with the articular surfaces of adjoining lat-
eral teeth distinguishing them from Aetobatus sp.
which do not have lateral teeth (e.g., Herman et al.,
2000; Cappetta, 2012). Additionally, Aetomylaeus
sp. have median teeth with curved or arched mar-
gins that adjoin with lateral teeth and thickened
roots that distinguish them from Myliobatis sp.
(e.g., Herman et al., 2000; Cappetta, 2012;
Hovestadt and Hovestadt-Euler, 2013). The highly
variable dental morphology of pavement teeth

belonging to extant genera including Myliobatis,
Rhinoptera, and Aetomylaeus makes the identifica-
tion of isolated fossil median and lateral pavement
teeth extremely difficult (Nishida, 1990; Herman et
al. 2000; Cappetta, 2012). As such, we refrain from
species-level taxonomic identification of isolated
pavement teeth of Myliobatis sp. in the Venice
Elasmobranch Assemblage until further studies are
conducted on fossil and extant specimens.

Family AETOBATIDAE White and Naylor, 2016
Genus AETOBATUS Blainville, 1816

Aetobatus cf. A. narinari (Euphrasen, 1790) 
Figure 20CC–GG

Referred specimens. One fragmentary pavement
tooth (UF-VP561113).
Description. The fragmentary pavement tooth
measures 19.97 mm in width, 15.89 mm in height,
and 6.25 mm in occlusobasal thickness. The occlu-
sal surface is thin and flat. The lingual surface is
concave and composed mainly of a well-devel-
oped, elongated root base that has nutritive
grooves with a comb-like appearance. The distal
portions of the occlusal surface curve in the poste-
rior direction. The labial surface is convex and
composed mainly of the well-developed, comb-like
root base. In profile view, the root is noticeably dis-
placed in the lingual direction. 
Remarks. Aetobatus is yet another eagle ray
genus composed of five extant species: A. narinari
(Euphrasen, 1790), A. flagellum (Bloch and
Schneider, 1801), A. ocellatus (Kuhl in Van Has-
selt, 1823), A. laticeps (Gill, 1865b), and A. naruto-
biei (White, Yamaguchi and Furumitsu, 2013). The
white-spotted eagle ray, A. narinari, was once
thought to have a global distribution, but recent
parasitological and molecular analyses concluded
that this taxon is in fact restricted to the western
Atlantic and ranges between Florida and Brazil
(Marie and Justine, 2005; Richards et al., 2009;
Last et al., 2016a; White and Naylor, 2016; Sales
et al., 2019). A similar species, A. laticeps, has
been assigned to the eastern Pacific Ocean lin-
eage of Aetobatus and likely separated from A.
narinari around 1.41 Ma (Sales et al., 2019). The
pavement teeth of Aetobatus described in this
paper are distinct by the presence of a mesiodis-
tally elongated form, thin, flat occlusal surface, and
elongated, well-developed lingually inclined root
base with comb-like nutritive grooves readily.
These characteristics distinguish them from other
similar batoids in the Venice Elasmobranch
Assemblage such as Aetomylaeus, Myliobatis, and
Rhinoptera. Teeth of Aetomylaeus, particularly
fragmentary median pavement teeth, may appear
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very similar to those of Aetobatus, but those of
Aetomylaeus generally have thicker occlusal sur-
faces, shorter roots that are not as lingually dis-
placed, and lateral edges that flatten and taper to a
point for articulation with lateral pavement teeth.
No lateral teeth are present in Aetobatus, and
pavement teeth are typically elongated such that
they are only slightly inclined posteriorly in the
upper jaw and chevron-shaped in the lower jaw
(Herman et al., 2000; Cappetta, 2012; Hovestadt
and Hovestadt-Euler, 2013; Villafaña et al., 2019).

Several fossil taxa have been described with
teeth similar to those of Aetobatus cf. A. narinari in
the Venice Elasmobranch Assemblage including:
Pseudoaetobatus spp., Aetobatus cappettai, and
Aetobatus arcuatus. Pseudoaetobatus spp. have
only been reported from the Eocene and are more
similar to Aetomylaeus because they have cen-
trally thickened, weakly curved median teeth, irreg-
ular lateral teeth, and median and lateral teeth with
roots that are only slightly displaced lingually (Cap-
petta, 2012; Cicimurri and Ebersole, 2015). In con-
trast, the teeth of A. cappettai and A. arcuatus
have been reported from the late Neogene and
appear quite similar to those of Aetobatus narinari
(Reinecke et al., 2011; Bor et al., 2012; Cappetta,
2012; Fiahlo et al., 2019; Collareta et al., 2021).
Median teeth of A. cappettai typically have thin and
flat occlusal surfaces, a thickened central tooth
region, tall roots that are not extensively lingually
displaced, and well-defined nutritive grooves; how-
ever, the validity of this taxon is questionable as
these teeth are similar to those of juvenile A. nari-
nari (e.g., Reinecke et al., 2011; Cappetta, 2012;
Hovestadt and Hovestadt-Euler, 2013; Fiahlo et al.,
2019; Collareta et al., 2021). The median teeth of
A. arcuatus exhibit well-developed curvature or a
chevron shape in the lower jaw, whereas upper jaw
teeth are less arched, are noticeably thickened in
the central portion of the tooth, and the lateral tooth
margins are nearly vertical and do not taper to a
point (Reinecke et al., 2011; Bor et al., 2012; Cap-
petta, 2012). The degree of median tooth curvature
has been shown to be highly variable between
upper and lower jaws, between the same species,
and among different taxa and is therefore not a
useful taxonomic character (e.g., Reinecke et al.,
2011). Because of the uncertainties, we conserva-
tively identify the single fragmentary specimen
described here to as A. cf. A. narinari. Aetobatus
narinari is presently restricted to the western Atlan-
tic and primarily feeds on invertebrates along the
shallow continental shelf (Last et al., 2016a; Cahill
et al., 2023). This species also exhibits seasonal,

southerly migrations to waters ~≥23°C including
the Gulf of Mexico (Bassos-Hull et al., 2014; DeG-
root et al., 2021; Conan et al., 2023).

The specimen reported in this study as Aeto-
batus cf. A. narinari is the only definitive chevron-
shaped Aetobatus tooth collected by the lead
author over the last decade of diving in Venice,
Florida. Although similarities in the median teeth
between Aetomylaeus and Aetobatus can make
their identification difficult based on isolated, frag-
mentary pavement teeth, no distinctly chevron-
shaped teeth of Aetobatus were recovered in asso-
ciation with teeth identified as Aetomylaeus sp.
This suggests that Aetobatus was a much less fre-
quent inhabitant of the shallow west Florida conti-
nental shelf, in contrast to Aetomylaeus sp. and
other batoids in the Venice Elasmobranch Assem-
blage, during the Miocene–Pliocene.

DISCUSSION

Composition and Paleoecology of the Venice 
Elasmobranch Assemblage

The Venice Elasmobranch Assemblage
described in this report consists of 45 taxa from
eight orders, 19 families, and 28 definitive genera
and is remarkably similar to the extant elasmo-
branch assemblage occurring in the Gulf of Mexico
(Figures 4–20; Tables 1–5; Bigelow and Schroeder,
1948a, 1948b, 1953; Castro, 2011; Last et al.,
2016a; Carrier, 2017; Ebert et al., 2021). Taxa rep-
resented primarily constitute a mixture of globally
ubiquitous carcharhiniforms (19 species), lamni-
forms (six species including the extinct mega-
toothed shark, O. megalodon), and myliobatiforms
(eight species) (e.g., Compagno et al., 2005; Cas-
tro, 2011; Cappetta, 2012; Last et al., 2016a; Ebert
et al., 2021). Teeth from taxa in the Venice Elasmo-
branch Assemblage exhibit morphologies that form
grasping/clutching/crushing and cutting/slicing
dentitions well-suited for feeding on invertebrates,
fish, and marine mammals (e.g., Purdy et al., 2001;
Castro, 2011; Cappetta, 2012; Ebert et al., 2021).
Many of the Venice elasmobranchs are indicative
of nutrient-rich, nearshore marine environments.
However, the availability of deeper water to the
west is supported by the occurrence of taxa includ-
ing Squalus sp., I. triangulus, O. megalodon, C.
carcharias, C. hastalis, I. oxyrinchus, P. benedinii,
Mobula spp., and Aetobatus cf. A. narinari that are
known to frequent neritic and pelagic habitats and
are capable of large-scale, open-ocean migrations
(e.g., Purdy, 1998; Purdy et al., 2001; Compagno
et al., 2005; Castro, 2011; Cappetta, 2012). Notice-
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TABLE 1. Distribution of the Miocene–Pliocene elasmobranchs reported from Venice, Florida within the present-day
Gulf of Mexico and Western North Atlantic Ocean. † = globally extinct species.

Comparison of the Venice Elasmobranch Assemblage to Modern Assemblages in the USA

Genus Species

Venice Shelf, Florida 
Peace River and 
Tamiami Fms., 

Miocene–Pliocene 
(This Study)

Present-day Gulf of 
Mexico 

(Castro, 2011; 
Last et al., 2016a; 

Carrier, 2017; Ebert et 
al., 2021)

Present-day Western 
North Atlantic Ocean 

(Bigelow and Schroeder, 
1948; 1953; Castro, 2011; 
Last et al., 2016a; Ebert 

et al., 2021)

Squaliformes
Squalus sp. X X X

† Isistius triangulus X

Heterodontiformes
Heterodontus sp. X

Orectolobiformes
Ginglymostoma cirratum X X X

Lamniformes
Carcharias taurus X X X

† Otodus megalodon X

† Parotodus benedinii X

Isurus oxyrinchus X X X

Carcharodon carcharias X X X

† Carcharodon hastalis X

Carcharhiniformes
Scyliorhinus sp. X X X

Mustelus sp. X X X

Galeorhinus sp. X

† Hemipristis serra X

† Galeocerdo aduncus X

† Galeocerdo mayumbensis X

Galeocerdo cuvier X X X

† Physogaleus contortus X

Rhizoprionodon sp. X X X

Negaprion brevirostris X X X

Carcharhinus cf. C. falciformis X X X

Carcharhinus leucas X X X

Carcharhinus obscurus X X X

Carcharhinus perezii X X X

Carcharhinus cf. C. brachyurus X Likely

Carcharhinus cf. C. plumbeus X X X

Carcharhinus cf. C. altimus X X X

Carcharhinus limbatus X X X

Carcharhinus brevipinna X X X

Carcharhinus porosus X X

Sphyrna cf. S. zygaena X X X

Sphyrna cf. S. tiburo X X X

Rhinopristiformes
Rhynchobatus sp. X
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ably absent from the Venice Elasmobranch Assem-
blage are taxa with distinct, planktivorous or deep-
water, abyssal–pelagic affinities such as Hexan-
chus, Alopias, Megachasma, Cetorhinus, and
Rhincodon that have been reported from other
Cenozoic localities in Florida and along the Atlantic
and Gulf Coastal Plains of the USA (e.g., Purdy et
al., 2001; Compagno et al., 2005; Castro, 2011;
Cappetta, 2012; Kent, 2018; Ebert et al., 2021;
Perez, 2022). With continued sampling, it is likely
that some of these taxa as well as others (e.g.,
Notorynchus, Squatina, Alopias, Rhincodon, Gym-
nura) that have been reported from other Miocene–
Pliocene localities in Florida and elsewhere across
the Atlantic and Gulf Coastal Plains may be added
to the Venice Elasmobranch Assemblage.

Of the 45 taxa currently represented in the
Venice Elasmobranch Assemblage, eight are
extinct globally (i.e., I. triangulus, O. megalodon, C.
hastalis, P. benedinii, H. serra, G. aduncus, G.
mayumbensis, and P. contortus), three extant gen-
era (Heterodontus, Rhynchobatus, and Anoxypris-
tis) are no longer represented in the Gulf of
Mexico, and three taxa (C. brachyurus, Pristis cf. P.
pristis, and Aetomylaeus sp.) have uncertain extant
distributions, but likely occur in the Gulf of Mexico
(Table 1). Differences between the Miocene–Plio-

cene and present-day elasmobranch assemblage
in the Gulf of Mexico can likely be attributed to
changes in shallow marine habitat, emergence of
peninsular Florida, the closure of the Central Amer-
ican Seaway, and fluctuations in ocean circulation
patterns as a result of tectonic and climatic
changes during the late Cenozoic (e.g., Schneider
and Schmitter, 2006; Lessios, 2008; Lunt et al.,
2008; Hine, 2013; O’dea et al., 2016; Perez et al.,
2017; Perez, 2022; Haq and Ogg, 2024).

Teeth from the Venice Elasmobranch Assem-
blage range in size from ~1.0 mm to >10 cm in
height. However, in contrast to other submerged
continental shelf lag deposits (i.e., Maisch et al.,
2018; 2019a), elasmobranch teeth measuring ≤1
cm are frequently represented in the Venice Elas-
mobranch Assemblage (e.g., Maisch et al., 2023,
2024). Among the Venice Elasmobranch Assem-
blage, carcharhiniform and myliobatiform teeth,
including those from Carcharhinus spp., N. brevi-
rostris, and Myliobatis sp., are the most abundant
macrofossil elements (>1 cm), whereas the most
common microfossil remains (<1 cm) belong to
Rhizoprionodon and Hypanus as well as numerous
osteichthyan taxa. Elasmobranch teeth in the Ven-
ice Assemblage also co-occur with the bones and
teeth of marine mammals (e.g., whales, porpoises,

Rhinobatos sp. X

Anoxypristis sp. X

Pristis cf. P. pristis X X

Rajiformes
"Raja" sp. X X X

Myliobatiformes
Hypanus cf. H. americana X X X

Hypanus cf. H. rugosa X X X

Rhinoptera cf. R. bonasus X X X

Mobula cf. M. hypostoma X X X

Mobula cf. M. birostris X X X

Aetomylaeus sp. X ? ?

Myliobatis sp. X X X

Aetobatus cf. A. narinari X X X

Comparison of the Venice Elasmobranch Assemblage to Modern Assemblages in the USA

Genus Species

Venice Shelf, Florida 
Peace River and 
Tamiami Fms., 

Miocene–Pliocene 
(This Study)

Present-day Gulf of 
Mexico 

(Castro, 2011; 
Last et al., 2016a; 

Carrier, 2017; Ebert et 
al., 2021)

Present-day Western 
North Atlantic Ocean 

(Bigelow and Schroeder, 
1948; 1953; Castro, 2011; 
Last et al., 2016a; Ebert 

et al., 2021)

TABLE 1 (continued).
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TABLE 2. A comparison of the Venice Elasmobranch Assemblage with middle–late Miocene, Miocene–Pliocene, and
Pliocene elasmobranch assemblages reported from Florida, USA. † = globally extinct species. A= Venice Shelf, Peace
River and Tamiami Fms., Miocene–Pliocene (This Study), B= Torreya Fm., Middle Miocene, Gadsen County (Soto and
MacFadden, 2014; Soto, 2016), C= Gainesville Creeks, Coosawhatchie Fm., Gainesville, Alachua County, Middle Mio-
cene–Pliocene (Boyd, 2016), D= Love Bone Bed, Alachua Fm., Archer, Alachua County, Late Miocene (Webb et al.,
1981), E= Montbrook Fossil Site (likely reworked Hawthorn Group), Williston, Levy County, Miocene–Pliocene (Ziegler
et al., 2019), F= Manatee County Dam, Bone Valley Member, Peace River Fm., Bradenton, Manatee County, Pliocene
(Webb and Tessman, 1968), G= Hickey Creek, Tamiami Fm., Alva, Lee County, Pliocene (Morgan and Pratt, 1983), H=
Palmetto Fauna, Peace River Formation, Central Phosphate District, Polk, Hardee, Hillsborough, Manatee Counties,
Miocene–Pliocene (Simons et al., 2014), I= Cookiecutter Creek, Tamiami Fm., North Port, Sarasota County, Pliocene
(Perez and Marks, 2017). X*=Taxa identified to the genus level or as a similar species.

Miocene–Pliocene Elasmobranch Assemblages in Florida, USA
Genus Species A B C D E  F G H I

Squaliformes
Squalus sp. X

† Isistius triangulus X X

Heterodontiformes
Heterodontus sp. X X

Orectolobiformes
Ginglymostoma cirratum X X* X* X* X* X

Lamniformes
Carcharias taurus X X* X X X X

† Otodus megalodon X X X X X X X X

† Parotodus benedinii X

Isurus oxyrinchus X X X X

Carcharodon carcharias X X

† Carcharodon hastalis X X X X X X X X X

Carcharhiniformes
Scyliorhinus sp. X

Mustelus sp. X

Galeorhinus sp. X X

† Hemipristis serra X X X X X X X X X

† Galeocerdo aduncus X X X X

† Galeocerdo mayumbensis X X X

Galeocerdo cuvier X X X X X X X

† Physogaleus contortus X X X X X X X

Rhizoprionodon sp. X X X X X X X X X

Negaprion brevirostris X X X X X X X

Carcharhinus cf. C. falciformis X X X X

Carcharhinus leucas X X* X X X X X X

Carcharhinus obscurus X

Carcharhinus perezii X X X

Carcharhinus cf. C. brachyurus X X X

Carcharhinus cf. C. plumbeus X X X

Carcharhinus cf. C. altimus X

Carcharhinus limbatus X X X

Carcharhinus brevipinna X X

Carcharhinus porosus X
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Sphyrna cf. S. zygaena X X X* X* X*

Sphyrna cf. S. tiburo X

Rhinopristiformes
Rhynchobatus sp. X X X X

Rhinobatos sp. X X X X

Anoxypristis sp. X X X X

Pristis cf. P. pristis X X* X X

Rajiformes
"Raja" sp. X X

Myliobatiformes
Hypanus cf. H. americana X X X X X X

Hypanus cf. H. say X

Rhinoptera cf. R. bonasus X X X X X

Mobula cf. M. hypostoma X X

Mobula cf. M. birostris X

Aetomylaeus sp. X X X

Myliobatis sp. X X X X X X X

Aetobatus cf. A. narinari X X X

Miocene–Pliocene Elasmobranch Assemblages in Florida, USA
Genus Species A B C D E  F G H I

and dugongs) that occasionally exhibit bite marks
(i.e., Linichnus and Knethichnus isp.) from preda-
tion or scavenging and can be attributed to various
carcharhiniform sharks as well as large lamniform
sharks including O. megalodon and C. hastalis
(e.g., Godfrey et al., 2018; Maisch et al., 2018).
Additionally, bones and teeth of Plio–Pleistocene
terrestrial mammals (e.g., horses, mastodons, and
mammoths) and reptiles (e.g., turtles, alligators,
and crocodiles) frequently co-occur with marine
vertebrate remains on the shallow Venice shelf. All
vertebrate remains occurring on the Venice shelf
exhibit varying degrees of taphonomic wear and
bioerosion, and further attest to extensive episodes
of weathering, erosion, and time-averaging on the
shallow continental shelf since the Miocene (Fig-
ures 2–3).

Taphonomy of the Venice Elasmobranch 
Assemblage

Teeth belonging to the 45 taxa represented in
the Venice Elasmobranch Assemblage exhibit dis-
tinctly different degrees of preservation (Figure 2D,
Figures 4–20). While many of the specimens
included in this study are represented by well-pre-
served teeth, the vast majority of teeth collected
exhibit varying degrees of taphonomic wear includ-

ing fragmentation, polish/abrasion, bioerosion, and
increased phosphatization (often exhibited by a
darker coloration). These same observations
regarding vertebrate fossil preservation have been
documented in the Purisima Formation of coastal
California (Boessenecker et al., 2014) and the
Pungo River and Yorktown formations exposed in
Onslow Bay, North Carolina, USA (Maisch et al.,
2019a). At these locations, the preservation state
of vertebrate fossil remains in the shallow marine
environment is dependent on the: 1) amount of
time the remains spend on or near the seafloor; 2)
frequency of climatically driven sea-level changes;
3) intensity of current-driven erosion and reworking
from fairweather and storm wavebase, and 4) bot-
tom currents (Boessenecker et al., 2014; Maisch et
al., 2019a). 

Fossil elasmobranch remains on the shallow
continental shelf along Venice, Florida, are also
frequently concentrated with fossil bones and teeth
from various marine mammals, terrestrial mam-
mals, reptiles, birds, and bony fishes with distinctly
different habitat preferences. These types of fossil
concentrations are regarded as lag deposits and
represent the mixing of durable remains, including
vertebrate fossils, from different habitats, over sev-
eral hundred thousand to several million years of

TABLE 2 (continued).
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TABLE 3. A comparison of the Venice Elasmobranch Assemblage with other Miocene and Early Pliocene elasmo-
branch assemblages reported from the USA. For Onslow Bay and the Nutrien Mine: M = Miocene; P = Pliocene; * =
identified to only the genus level or different species name utilized; † = globally extinct species.

Miocene–Pliocene Elasmobranch Assemblages ACP, USA

Genus Species

Venice Shelf, 
Florida Peace 

River and 
Tamiami Fms., 

Miocene–
Pliocene (This 

Study)

Onslow Bay, NC 
Pungo River and 
Yorktown Fms. 
Early Miocene–

Pliocene (Maisch 
et al., 2018) 

Nutrien Mine, NC 
Pungo River and 
Yorktown Fms. 
Early Miocene–

Pliocene (Purdy et 
al., 2001)

Carmel Church 
Quarry, VA 
Calvert Fm. 

Middle Miocene 
(Hastings and 
Dooley, 2017) 

Calvert Cliffs, MD 
Calvert, Choptank, 

and St. Marys 
Fms. Late Early–

Late Miocene 
(Kent, 2018) 

Squaliformes
Squalus sp. X XP X

† Isistius triangulus X X *.

Heterodontiformes
Heterodontus sp. X

Orectolobiformes
Ginglymostoma cirratum X XM* 

Lamniformes
Carcharias taurus X XP XP X X

† Otodus megalodon X XP XMP X X

† Parotodus benedinii X XP XP X

Isurus oxyrinchus X XMP XMP X

Carcharodon carcharias X XP XP X

† Carcharodon hastalis X XP XP X X

Carcharhiniformes
Scyliorhinus sp. X XMP X

Mustelus sp. X XM X

Galeorhinus sp. X XMP

† Hemipristis serra X XMP XMP X X

† Galeocerdo aduncus X XM XM* . X * X

† Galeocerdo mayumbensis X

Galeocerdo cuvier X XP XP

† Physogaleus contortus X XM XM X X

Rhizoprionodon sp. X XMP XM X

Negaprion brevirostris X XP XMP X * X* 

Carcharhinus cf. C. falciformis X XMP XM X

Carcharhinus leucas X XMP X * X

Carcharhinus obscurus X XP

Carcharhinus perezii X XMP X

Carcharhinus cf. C. brachyurus X XM

Carcharhinus cf. C. plumbeus X XMP X

Carcharhinus cf. C. altimus X X

Carcharhinus limbatus X

Carcharhinus brevipinna X

Carcharhinus porosus X

Sphyrna cf. S. zygaena X XMP X* X* 

Sphyrna cf. S. tiburo X
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time as a result of climatically driven sea-level fluc-
tuations (e.g., Purdy et al., 2001; Boessenecker et
al., 2014; Maisch et al., 2015, 2018, 2019a,
2019b). Similar lag deposit fossil assemblages
have been reported globally during the Late Creta-
ceous–Cenozoic and provide valuable information
on taxonomic diversity, taphonomy, and the correl-
ative properties of lag deposits and elasmobranch
remains (e.g., Shimada, 1987; Becker et al., 1996,
1998, 2006; Cumbaa et al., 2010; Reinecke et al.,
2011; Bor et al., 2012; Boessenecker et al., 2014;
Maisch et al., 2014, 2015, 2019a, 2019b, 2021).

It is also noteworthy that a culturally signifi-
cant Native American burial site was discovered on
the shallow Venice continental shelf in 2016 by
SCUBA divers while searching for fossil shark
teeth (Florida Department of State; Herald Tribune;
Kimel, 2019). This burial site, now referred to as
the Manasota Key Offshore Site, has been dated to
be ~7,200 years old placing it in the Archaic
Period, and based on the abundance of peat, is
interpreted to represent a freshwater pond that was
present when sea-level was ~10 m lower (Price,
2023). This pond was once present above Mio-

cene–Pliocene deposits, and vertebrate fossils
have subsequently been eroded and transported
across this area which further emphasizes the
extremely dynamic nature of the shallow continen-
tal shelf.

Major storms, including tropical storms and
hurricanes, can also have drastic impacts on the
shallow continental shelf, including the Gulf of
Mexico (e.g., Hine and Belknap, 1986; Mearns et
al., 1998; Morton, 1988; Walker and Plint, 1992;
Goodbred and Hine, 1995; Posey et al., 1996;
Renaud et al., 1996, 1997; Riggs et al., 1998; Hine
et al., 2003). Within the last 150 years alone, 87
tropical storms have passed across or within 100
km of Venice, Florida (and 131 storms have
occurred within 150 km) (NOAA Historical Hurri-
cane Tracks). These storms are known to yield
increased rainfall, runoff, wave heights, bottom cur-
rents, and tidal ranges, among many other impacts
(e.g., Ball et al., 1967; Doyle et al., 1995; Matyas
and Cartaya, 2009; Smith et al., 2009; Frazier et
al., 2010; Stockdon et al., 2012; Ercolani et al.,
2015; So et al., 2019; Martin and Muller, 2021).
Direct observations from SCUBA diving on the

Rhinopristiformes
Rhynchobatus sp. X X

Rhinobatos sp. X XM

Anoxypristis sp. X XP X*

Pristis cf. P. pristis X XP *

Rajiformes
"Raja" sp. X XP X

Myliobatiformes
Hypanus cf. H. americana X XM

Hypanus cf. H. say X XMP* X

Rhinoptera cf. R. bonasus X XM* X* 

Mobula cf. M. hypostoma X MP* X* 

Mobula cf. M. birostris X

Aetomylaeus sp. X X * X *

Myliobatis sp. X X

Aetobatus cf. A. narinari X XMP * X X *

Miocene–Pliocene Elasmobranch Assemblages ACP, USA

Genus Species

Venice Shelf, 
Florida Peace 

River and 
Tamiami Fms., 

Miocene–
Pliocene (This 

Study)

Onslow Bay, NC 
Pungo River and 
Yorktown Fms. 
Early Miocene–

Pliocene (Maisch 
et al., 2018) 

Nutrien Mine, NC 
Pungo River and 
Yorktown Fms. 
Early Miocene–

Pliocene (Purdy et 
al., 2001)

Carmel Church 
Quarry, VA 
Calvert Fm. 

Middle Miocene 
(Hastings and 
Dooley, 2017) 

Calvert Cliffs, MD 
Calvert, Choptank, 

and St. Marys 
Fms. Late Early–

Late Miocene 
(Kent, 2018) 

TABLE 3 (continued).
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TABLE 4. A comparison of the Venice Elasmobranch Assemblage with late Miocene, Miocene–Pliocene, and Pliocene
elasmobranch assemblages from Central and South America. Note that taxonomic diversity is highly variable among
assemblages, some species names have since been revised, and diversity differences may stem from taxonomic split-
ting and lumping. † = globally extinct species. A= Peace River and Tamiami Fms., Miocene– Pliocene, FL (This Study),
B= Chagres Fm., Late Miocene, Panama (Carrillo-Briceño et al., 2015), C= Gatun and Chucunaque Fms., Late Mio-
cene, Panama (Pimiento et al., 2013; Perez et al., 2017), D= Curré Fm., Late Miocene, Costa Rica (Laurito and Vale-
rio, 2008), E= Pisco Fm., Late Miocene, Peru (Landini et al., 2017a,b), F= Uscari Fm., Miocene– Pliocene, Costa Rica
(Laurito, 1999; Laurito and Valerio, 2021), G= Onzole–Bahia Fms., Late Miocene– Pliocene, Ecuador (Longbottom,
1979; Carrillo-Briceño et al., 2014), H= Tirabuźon Fm., Pliocene, Mexico (Lira-Beltrán et al., 2020), I= Urumaco
Sequence (Soccorro, Urumaco, and Codore Fms.), Miocene–Pliocene, Venezuela (Carrillo-Briceño et al., 2015), J=
Horcón Fm., Pliocene, Chile (Carrillo-Briceño et al., 2013). X*=Taxa identified to the genus level or as a similar species.

Miocene–Pliocene Elasmobranch Assemblages in Central and South America
Genus Species A B C D E F G H I J

Squaliformes
Squalus sp. X X X X

† Isistius triangulus X X* X X

Heterodontiformes
Heterodontus sp. X X* X* X* X*

Orectolobiformes
Ginglymostoma cirratum X X*

Lamniformes
Carcharias taurus X X* X X*

† Otodus megalodon X X X X X X X X

† Parotodus benedinii X X

Isurus oxyrinchus X X X* X X* X

Carcharodon carcharias X X X

† Carcharodon hastalis X X X

Carcharhiniformes
Scyliorhinus sp. X X

Mustelus sp. X X X X* X

Galeorhinus sp. X X* X* X*

† Hemipristis serra X X X X X X X X

† Galeocerdo aduncus X X X X

† Galeocerdo mayumbensis X

Galeocerdo cuvier X X X X X

† Physogaleus contortus X X X

Rhizoprionodon sp. X X X X* X X* X

Negaprion brevirostris X X X X X X

Carcharhinus cf. C. falciformis X X X

Carcharhinus leucas X X X X* X X* X* X X

Carcharhinus obscurus X X X X X

Carcharhinus perezii X X

Carcharhinus cf. C. brachyurus X X X X X

Carcharhinus cf. C. plumbeus X X X X

Carcharhinus cf. C. altimus X

Carcharhinus limbatus X X

Carcharhinus brevipinna X X X

Carcharhinus porosus X X
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Venice continental shelf following several recent
storms, including Saffir-Simpson Scale Category 5
Hurricane Ian in 2022 and Category 1 Hurricane
Debbie in 2024, have shown that while additional
fossil remains are exhumed from the seafloor in
some locations, other areas experience increased
sedimentation and become deeply buried in silt
and fine sand. This variability is likely the result of
bathymetric changes, the depth of wave base, and
the direction of prevailing winds and currents with
respect to each storm.

Overall, the tectonic and oceanographic con-
ditions influencing Florida during the late Cenozoic
were like those of today, and it is inferred that simi-
lar types of tropical storms would also have regu-
larly occurred in this region during the Late
Miocene–Pliocene (Riggs, 1979, 1984). This is
supported by the abundance of phosphorite in the
Peace River Formation exposed in Venice and
across central Florida that formed as a result of
nutrient enrichment, high productivity, erosion, con-
centration, and reburial of sediments on the shal-
low continental shelf from storm activity and
climatically driven sea-level changes (Riggs, 1979,
1984; Compton et al., 1993; Compton, 1997; Hine,
2013). Collectively, it is reasonable to assert that
many present-day processes affecting the shallow

Venice continental shelf would have also occurred
throughout much of the late Cenozoic and contrib-
uted to the formation of these highly fossiliferous
lag deposits and the abundance of elasmobranch
remains.

Biostratigraphy and Correlative Properties of 
the Venice Elasmobranch Assemblage

The time-averaged Venice Elasmobranch
Assemblage contains 45 distinct taxa and rep-
resents the most diverse assemblage reported
from a specific collecting locality currently known in
Florida (Perez, 2022). Additionally, the Venice
assemblage is also one of the most diverse late
Cenozoic elasmobranch assemblages known from
the USA and is similar to those reported from the
Early–Middle Miocene Calvert Cliffs in Maryland
(50 elasmobranch taxa), as well as the Early–Mid-
dle Miocene (46 elasmobranch taxa) and Early
Pliocene (36 elasmobranch taxa) assemblages in
the Nutrien Mine from Aurora, North Carolina
(Purdy et al., 2001; Kent, 2018). Moreover, the
high taxonomic composition of the Venice Elasmo-
branch Assemblage makes it one of the more
diverse late Cenozoic elasmobranch assemblages
known globally (e.g., Cappetta, 2012; Kent, 2018;
Maisch et al., 2018; Lin et al., 2021). A comparison

Sphyrna cf. S. zygaena X X* X X* X X X* X X

Sphyrna cf. S. tiburo X

Rhinopristiformes
Rhynchobatus sp. X X X* X

Rhinobatos sp. X X X

Anoxypristis sp. X X*

Pristis cf. P. pristis X X X*

Rajiformes
"Raja" sp. X X* X X*

Myliobatiformes
Hypanus cf. H. americana X X* X* X* X* X* X* X*

Hypanus cf. H. say X

Rhinoptera cf. R. bonasus X X* X* X* X* X*

Mobula cf. M. hypostoma X X* X X* X*

Mobula cf. M. birostris X X 

Aetomylaeus sp. X X*

Myliobatis sp. X X X* X X X X X X*

Aetobatus cf. A. narinari X X* X* X* X* X*

Miocene–Pliocene Elasmobranch Assemblages in Central and South America
Genus Species A B C D E F G H I J

TABLE 4 (continued).
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TABLE 5. Global Miocene–Pliocene occurrence of the Venice elasmobranch taxa. † = globally extinct species. Refer-
ences utilized: Atlantic Coastal Plain and Gulf Coastal Plain, USA (Kimmel and Purdy, 1984; Purdy et al., 2001;
Boessenecker et al., 2018; Kent, 2018; Maisch et al., 2018; Perez, 2022); Western North America (Boessenecker,
2011, 2016; Boessenecker et al., 2014; Lira-Beltrán et al., 2020); Caribbean, Central, and South America (Davies,
1964; Gillette, 1984; Applegate, 1986; Long, 1993; Iturralde-Vinent et al., 1996; Flemming and McFarlane, 1998;
Nieves-Rivera et al., 2003; Laurito Mora, 1999, 2004; Apolín et al., 2004; Portell et al., 2008; Cione et al., 2011, 2012;
Ehret et al., 2012; Pimiento et al., 2013; Collareta et al., 2017a,2017b, 2017c; Landini et al., 2017a; MacFadden et al.,
2017; Perez et al., 2017; Carrillo-Briceño et al., 2014, 2015a, 2015b, 2016a, 2016b, 2018, 2019; Laurito Mora and
Valerio, 2008, 2021; Laurito Mora et al., 2022); Africa (Cook et al., 2010; Ávila et al., 2012; Pawellek et al., 2012; Gov-
ender and Chinsamy, 2013; Andrianavalona et al., 2015; Betancort et al., 2016); Europe (Holec et al., 1995; Antunes
et al., 1999; Antunes and Balbino, 2004; Cappetta and Cavallo, 2006; Carnevale et al., 2006; Kocsis, 2007; Marsili,
2007; Marsili et al., 2007; Cigala-Fulgosi et al., 2009; Vialle et al., 2011; Cappetta, 2012; Reinecke and Radwánski,
2015; Szabó and Kocsis, 2016; Fialho et al., 2019, 2021; Collareta et al., 2021; Szabó et al., 2021, 2023); Asia (Itoi-
gawa and Nishimoto, 1974; Uyeno, 1978; Sahni and Mehrotra, 1981; Goto et al., 1984; Shimada,  1987; Sharma and
Patniak, 2013, 2014; Kocsis et al., 2018; Razak and Kocsis, 2018; Sharma et al., 2021); Australia (Pledge, 1967;
Kemp, 1991).

Subcontinent/
Continent ACP, GCP WNA

Carib., 
CA, SA Africa Europe Asia Australia

Squaliformes

Squalus sp. X X X X X

† Isistius triangulus X X X

Heterodontiformes

Heterodontus spp. X X X X X

Orectolobiformes

Ginglymostoma cirratum X X X

Lamniformes

Carcharias taurus X X X X X X

† Otodus megalodon X X X X X X X

† Parotodus benedinii X X X X X X

Isurus oxyrinchus X X X X X X X

Carcharodon carcharias X X X X X X X

† Carcharodon hastalis X X X X X X X

Carcharhiniformes

Scyliorhinus sp. X X X X

Mustelus sp. X X X X X

Galeorhinus sp. X X X X

† Hemipristis serra X X X X X X

† Galeocerdo aduncus X X X X X X

† Galeocerdo mayumbensis X X X X

Galeocerdo cuvier X X X X X X X

† Physogaleus contortus X X X X X

Rhizoprionodon spp. X X X X X X X

Negaprion brevirostris X X X X sp. X

Carcharhinus cf. C. falciformis X X X X X

Carcharhinus leucas X X X X X X

Carcharhinus obscurus X X X X X

Carcharhinus perezii X X X

Carcharhinus cf. C. brachyurus X X X X X X

Carcharhinus cf. C. plumbeus X X X X
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of the 45 taxa in the Venice Elasmobranch Assem-
blage with other Miocene, Miocene–Pliocene, and
Early Pliocene assemblages in Florida and along
the Atlantic Coastal Plain of the USA are listed in
Tables 2–3, respectively. The data in Table 2 indi-
cate that in Florida: 1) only three taxa (i.e., C.
hastalis, H. serra, and Rhizoprionodon sp.) occur
in all eight of the Middle Miocene–Pliocene assem-
blages; 2) six taxa (i.e., O. megalodon, C. hastalis,
H. serra, P. contortus, Rhizoprionodon sp., and N.
brevirostris) occur in the two Middle/Late Miocene
assemblages; 3) fifteen taxa (i.e., Ginglymostoma
sp., Carcharias sp., O. megalodon, C. hastalis, H.
serra, P. contortus, Rhizoprionodon sp., N. brevi-
rostris, C. falciformis, C. leucas, Sphyrna sp.,
Rhynchobatus sp., Hypanus (Dasyatis) sp., Rhi-
noptera sp., and Myliobatis sp.) occur in all three
Miocene–Pliocene assemblages; and 4) five taxa
(i.e., C. hastalis, H. serra, G. cuvier, Rhizopriono-
don sp., and Myliobatis sp.) occur in all three Plio-
cene assemblages.

There are several locations that contain Mio-
cene and Early Pliocene marine vertebrate assem-
blages in the USA, but there are no other
contemporaneous elasmobranch assemblages
spanning the Miocene–Pliocene boundary cur-
rently known elsewhere along the Atlantic and Gulf
Coastal Plain of the USA with the exception of Flor-
ida (Tables 2–3). While there are several Early Mio-
cene, Late Pliocene, and Pleistocene
elasmobranch assemblages known along the
Atlantic and Gulf Coastal Plains of the USA, the
Venice Elasmobranch Assemblage reported in this
study is interpreted to be Late Miocene–Early Plio-
cene in age. As seen in Table 3, several definitive,
late Early/Middle Miocene and Early Pliocene
assemblages are known from this region, and all
are located along the Atlantic Coastal Plain,
between North Carolina and Maryland (Purdy et
al., 2001; Hastings and Dooley, 2017; Kent, 2018;
Maisch et al., 2018). At least eight taxa (i.e., C. tau-
rus, O. megalodon, C. hastalis, H. serra, G. adun-

Carcharhinus cf. C. altimus X

Carcharhinus cf. C. limbatus X X X

Carcharhinus cf. C. brevipinna X X X

Carcharhinus cf. C. porosus X X

Sphyrna spp. X X X X X X X

Sphyrna cf. S. zygaena X X X X X

Sphyrna cf. S. tiburo X

Rhinopristiformes

Rhynchobatus sp. X X X X X

Rhinobatos sp. X X X X X X

Anoxypristis sp. X X X X X X

Pristis cf. P. pristis X X X X

Rajiformes

"Raja" spp. X X X X X

Myliobatiformes

Hypanus spp. X X X X X X

Rhinoptera cf. R. bonasus X X X X X

Mobula cf. M. hypostoma X X X

Mobula cf. M. birostris X X

Aetomylaeus spp. X X X X X

Myliobatis spp. X X X X X X X

Aetobatus cf. A. narinari X X X X X

Subcontinent/
Continent ACP, GCP WNA

Carib., 
CA, SA Africa Europe Asia Australia

TABLE 5 (continued).
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cus, P. contortus, Negaprion sp., and Carcharhinus
spp.) occurring in the Venice Elasmobranch
Assemblage have also been reported from these
four Miocene and Pliocene assemblages along the
Atlantic Coastal Plain of the USA. 

The nearest well-documented Late Miocene
or Miocene–Pliocene boundary elasmobranch
assemblages are known from Central and South
America and border either the eastern Pacific
Ocean or Caribbean Sea (e.g., Laurito Mora, 1999;
Pimiento et al., 2013; Landini et al., 2017a; Mac-
Fadden et al., 2017; Perez et al., 2017; Carrillo-
Briceño et al., 2013, 2014, 2015a, 2015b; 2019).
As seen in Table 4, many of these assemblages
have high taxonomic diversity similar to the Venice
Elasmobranch Assemblage; however, composi-
tional variations are more apparent. The Caribbean
assemblages represented by the Upper Miocene
Chagres, Gatun, and Chucunaque formations of
Panama and the Miocene–Pliocene Uscari Forma-
tion from Costa Rica, share six common taxa (i.e.,
O. megalodon, Mustelus sp., H. serra, Carcharhi-
nus spp., Rhizopriondon sp., and Sphyrna sp.) with
the Venice Elasmobranch Assemblage. When
viewed collectively, a comparison of assemblages
situated along western Central and South America
and linked with the eastern Pacific Ocean have
only one common taxon: Myliobatis sp. (including
Myliobatidae indet.). A generic comparison among
all nine Central and South American assemblages
included in Table 4 also yields only a single com-
mon taxon, Carcharhinus. However, the elasmo-
branchs documented at individual western Central
and South American localities, when compared
with the Venice Elasmobranch Assemblage, does
indicate that many genera and even species
occurred throughout the entire region. Variations in
the taxonomic composition of these assemblages
is likely a product of paleobathymetry, shallow
marine habitat, paleotemperature, taphonomy
(including rates of deposition), collecting tech-
niques, taxonomic classification, and proximity to
different ocean basins (e.g., eastern Pacific vs.
Caribbean Sea). Moreover, these same biases are
also apparent in assemblages across the state of
Florida and along the Atlantic Coastal Plain of the
USA where some assemblages are only known
from species lists within prior publications focusing
on other fossil remains (e.g., Webb et al., 1981;
Morgan and Pratt, 1983; Perez and Marks, 2017),
conference abstracts (e.g., Soto and MacFadden,
2014; Ziegler et al., 2019), or from faunal lists pro-
vided by museums. The stratigraphic placement
and degree of reworking occurring in some of

these assemblages are also poorly constrained,
and additional complications exist due to taxo-
nomic discrepancies among researchers, the lack
of adequate morphological comparative data of
modern taxa for enhancing taxonomic identifica-
tions, and the lack of microtooth collection or identi-
fication. As a result, comprehensive taxonomic
reports, such as the present study, are critical to
further understanding the diversity, distribution, and
evolution of marine vertebrate groups in the late
Cenozoic. 

As seen in Tables 1–5, many elasmobranchs
in the Venice assemblage have biostratigraphic
ranges that span across the Miocene–Pliocene
boundary and some are still represented in the
modern oceans. Although this reduces the utility of
these taxa in fine-tuned biostratigraphic analyses,
the occurrence of extinct species can help con-
strain the age of the Venice Elasmobranch Assem-
blage. In particular, as seen in Table 5, the eight
globally extinct taxa in the Venice Elasmbranch
Assemblage (i.e., I. triangulus, O. megalodon, C.
hastalis, P. benedinii, H. serra, G. aduncus, G.
mayumbensis, and P. contortus) have well-known,
global Miocene and Early Pliocene records and
only H. serra is presently known from post-Zan-
clean (i.e., Lower Pleistocene) deposits as con-
firmed by radiometric dating (e.g., Purdy et al.,
2001; Cappetta, 2012; Boessenecker et al., 2018;
Kent, 2018; Maisch et al., 2018; Perez, 2022). Sim-
ilarly, of the three extant taxa no longer present in
the Gulf of Mexico or western Atlantic (i.e., Hetero-
dontus sp., Rhynchobatus sp., and Anoxypristis
sp.), only Rhynchobatus sp. is known from post-
Pliocene (i.e., Lower Pleistocene) deposits (Scud-
der et al., 1995; Cappetta, 2012). The Late Mio-
cene–Early Pliocene age interpretation of the
Venice Elasmobranch Assemblage is also rein-
forced by prior stratigraphic and strontium isotope
studies across southwest Florida that indicate the
Peace River Formation is primarily Middle–Late
Miocene to Pliocene in age (Scott, 1988; Compton
et al., 1993; Missimer, 1992, 1999, 2001), whereas
the Tamiami Formation is generally regarded as
Early–Late Pliocene (Zanclean–Piacenzian)
although may extend to the Plio–Pleistocene
boundary (~1.95 Ma) in southern Florida (Mis-
simer, 1992, 2001). 

These correlations are especially unique for
the submerged Venice shelf region because the
nearest, well-documented land-based exposures
of the 1) Peace River Formation are present in the
Central Phosphate Mining District and its southern
extension, which are located ~90 km north–north-
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east of the Venice region in this present study, and
2) Tamiami Formation occurs in subsurface exca-
vations and river exposures near North Port, Flor-
ida, located ~12 km east of this Venice study
region (Perez and Marks, 2017). Moreover, the
geographic separation of the land-based expo-
sures from our submerged study region indicates
that the Peace River and Tamiami formations sub-
merged off the coast of Venice are diachronous
with those occurring to the east across central Flor-
ida (e.g., McCartan and Moy, 1995; Green et al.,
1997; Guertin et al., 2000; Locker et al., 2003).

Effects of Climate Change, Sea-Level 
Fluctuations, and Closure of the Central 
American Seaway

Effects of climate and sea-level change. During
the late Cenozoic, much of central and southern
peninsular Florida was submerged as a result of
higher sea-levels from warmer global climates and
reduced ice volume in the northern and southern
hemispheres (Compton et al., 1993; Allmon et al.,
1996; Hine, 2013; Missimer and Maliva, 2017).
Prior studies have documented multiple, large-
scale marine transgressions during the Miocene–
Pliocene, including the Mid-Miocene Climatic Opti-
mum (MMCO) ~18–15 Ma and the Middle Pliocene
Warm Period (MPWP) ~3 Ma (e.g., Riggs, 1984;
Hine, 2013; Hine et al., 2017; Miller et al., 2020;
Haq and Ogg, 2024). The MMCO resulted in global
temperatures ~5° C higher and sea-level that
ranged between 50–150 m higher on average than
present (e.g., Zachos et al., 2008; Herold et al.,
2011, 2012; Hamon et al., 2013; Miller et al., 2020;
Haq and Ogg, 2024). Similarly, global tempera-
tures during the MPWP are interpreted to have
been on average 1–2°C warmer, whereas sea-lev-
els were ~25 m and possibly as much as 50 m
higher than present (e.g., Williams et al., 2009;
Karas et al., 2017; Zhang et al., 2019; Miller et al.,
2020; Haq and Ogg, 2024). A minimum of 25 sea-
level regressions have been documented since the
MMCO with some having amplitudes as much as
50 m, and 18 of the regressive episodes are inter-
preted to have been equal to, or lower than, pres-
ent-day sea-level (Haq and Ogg, 2024).
Interestingly, 12 regressions are reported to have
occurred between ~11 and 3 Ma with major
sequence boundaries identified as NMe2, NZa1,
and NZa2 across the Miocene–Pliocene boundary
at 5.7, 4.6, and 4.15 Ma, respectively (Haq and
Ogg, 2024). 

As is evident from the late Cenozoic eustatic
curve, sea-level fluctuations were frequent, occa-

sionally high-amplitude, capable of causing large-
scale changes to the shallow marine environment,
and intricately linked to changes in global climate
(Zachos et al., 2001, 2008; Miller et al., 2020;
Westerhold et al., 2020; Haq and Ogg, 2024). Sea-
level transgression across the already partially
submerged Florida peninsula would have
increased shallow marine shelf area, likely includ-
ing a greater abundance of seagrass beds, man-
grove islands, and estuary systems that are ideal
for many marine vertebrates, including elasmo-
branchs (e.g., Clark and Schmidt, 1965; Snelson
and Williams, 1981; Heck et al., 2003; Castro,
2011). These increases in shallow marine habitats
along peninsular Florida during the Miocene–Plio-
cene may have also supported critical elasmo-
branch nursery areas for some taxa similar to
those documented along the Florida coastline
today (e.g., Snelson and Williams, 1981; Heupel et
al., 2006; Ortega et al., 2009; Poulakis et al., 2011;
Hunt and Doering, 2013; Papastamatiou et al.,
2015). 

In contrast, sea-level regression would have
effectively shifted shallow marine habitats seaward
and increased fluvial incision on the exposed conti-
nental shelf (e.g., Hine and Snyder, 1985; Talling,
1998; Boss et al., 2002; Cunningham et al., 2003;
Fagherazzi et al., 2004; Scott, 2011; Hine, 2013).
The extent of habitat reduction is linked with the
amplitude of sea-level change and is also depen-
dent on the continental shelf gradient (i.e., the
broad, gently dipping western Florida shelf or the
narrow, steeply dipping eastern Florida shelf) (e.g.,
Talling, 1998; Browning et al., 2008; Hine, 2013;
Maisch et al., 2019a). The rate of sea-level regres-
sion and habitat change is also important to con-
sider as more gradual habitat shifts may enable
organisms to adapt, while more rapid changes may
exert additional survival pressures on marine
organisms including elasmobranchs (e.g., Hallam
and Wignall, 1999; Attrill and Power, 2002; Ludt
and Rocha, 2015; Sorenson et al., 2014).
Effects of Central American Seaway closure. In
addition to the global climatic and sea-level
changes occurring during the Miocene–Pliocene,
an important oceanographic event was in progress:
the closure of the Central American Seaway
(CAS). It is generally accepted that tectonic activity
beginning ~15 Ma led to the gradual closure of the
CAS with the full formation of the Isthmus of Pan-
ama occurring ~2.8 Ma (e.g., O’Dea et al., 2016,
and references therein, but also see Montes et al.,
2015 and Bacon et al., 2015 for differing interpreta-
tions of early CAS closure). Varying lines of evi-
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dence including marine microfossils, dispersal of
terrestrial mammals, molecular divergence esti-
mates, and global coupled climate-marine ecosys-
tem models suggest that a complex, multi-stage
process of CAS closure occurred (Knowlton et al.,
1993; Coates et al., 2004; Schneider and Schmit-
tner, 2006; Lessios, 2008; Lunt et al., 2008; Leigh
et al., 2014; O’Dea et al., 2016). A simplified sum-
mary of this process includes: 1) narrowing and
shallowing of the seaway in the Middle Miocene
~15 Ma; 2) continued shoaling and loss of a deep-
water connection between the Pacific and Atlantic
with the occurrence of numerous islands separated
by straits in the late Miocene ~9 Ma; and 3) com-
plete CAS closure and Isthmus of Panama forma-
tion ~2.8 Ma. Isotopic signatures and climate
models also indicate that progressively less water
was exchanged from the Pacific to the Atlantic,
which caused increases in surface water salinity in
the Caribbean and Atlantic, Atlantic deep water to
become nutrient poor, and strengthening of the
Gulf of Mexico Loop Current, Gulf Stream, and
thermohaline circulation began in the Middle Mio-
cene (e.g., Mullins et al., 1987; Lear et al., 2003;
Nisancioglu et al., 2003; Schmidt, 2007; Lunt et al.,
2008; Sepulchre et al., 2014; O’Dea et al., 2016).
Moreover, evidence for a strong salinity contrast
between the Pacific and Atlantic by ~4.2 Ma sug-
gests that the Isthmus of Panama was mostly in
place by the Early Pliocene (Billups et al., 1999;
Schneider and Schmittner, 2006; O’Dea et al.,
2016). It is important to note that our current inter-
pretation of the Venice Elasmobranch Assemblage
places it across, the Miocene–Pliocene boundary
during the gradual closure of the CAS, and it does
not represent a snapshot of elasmobranch diversity
from before and directly after terminal CAS closure
~2.8 Ma.

It is highly likely that open connections
between the Pacific, Caribbean, and Atlantic in
place prior to the Middle Miocene would have
enabled more frequent dispersal of larger, nektonic
taxa, as well as planktonic larvae, between these
ocean basins. Further narrowing and shallowing of
the CAS led to decreased dispersal and a greater
degree of isolation among marine populations,
while increasing terrestrial mammal interchange
between North and South American continents
(i.e., Great American Biotic Interchange; Marshall
et al., 1982; Webb, 1991; Morgan, 2005; Wood-
burne, 2010; Leigh et al., 2014; O’Dea et al.,
2016). The gradual closure of the CAS initially
caused geographic isolation between benthic
organisms that subsequently progressed to an

increasing number of invertebrates and vertebrates
including shallow water and planktonic taxa (Keig-
win, 1982; Lear et al., 2003; Lunt et al., 2008;
O’Dea et al., 2016). In fact, it has been proposed
that the diversification and dispersal of Aetobatus
spp., as well as other marine fishes, is related to
the closure of the Isthmus of Panama during the
Pliocene (~3.6–1.8Ma) (e.g., Schultz et al., 2008;
Chabot and Allen, 2009; Sales et al., 2019). Allo-
patric speciation associated with the formation of
the Isthmus of Panama has also been documented
and corroborated by molecular divergence esti-
mates for numerous taxa including bivalves, gas-
tropods, echinoderms, and crustaceans (e.g.,
Knowlton et al., 1993; Lessios, 2008; Leigh et al.,
2014). 

During the late stages of CAS closure (~7–4
Ma), nutrient dispersal and ocean current flow
paths and strengths were noticeably different
between the Pacific and Caribbean/Atlantic
oceans, and numerous sea-level regressions
during this same interval likely compounded stress-
ors to organisms in the shallow marine environ-
ment (e.g., Schneider and Schmittner, 2006;
Schmidt, 2007; Lunt et al., 2008; O’Dea et al.,
2016; Haq and Ogg, 2024). Oceanographic
changes associated with the gradual closure of the
CAS, when combined with global climatic events,
indicate an overall cooling trend and reduction in
shallow marine habitat along most continental
shelves, including that of southwestern Florida
(e.g., Zachos et al., 2008; Hine et al., 2017; Miller
et al., 2020; Westerhold et al., 2020; Haq and Ogg,
2024). These changes associated with the late-
stage CAS closure have also been implicated with
the onset of northern hemisphere glaciation begin-
ning ~3 Ma; however, they are likely not the driving
factor (Schneider and Schmittner, 2006; Schmidt,
2007; Molnar, 2008; Ruddiman, 2014; O’Dea et al.,
2016).

While it is possible that larger, nektonic
marine organisms including bony fish, elasmo-
branchs, and marine mammals would be capable
of shifting their ranges, dispersal between the
Pacific Ocean and Caribbean–Atlantic waters
would have been greatly reduced as a result of
late-stage and terminal CAS closure. In particular,
most elasmobranchs and bony fish are ectothermic
and have adapted to environments with certain
temperature ranges to optimize their physiological
performance (e.g., Pörtner and Farrell, 2008; Cas-
tro, 2011; Last et al., 2016a; Payne and Smith,
2017; Pinsky et al., 2019; Abel and Grubbs, 2020;
Ebert et al., 2021; Harding et al., 2021). Dispersal
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between the Pacific and Atlantic Ocean basins
after CAS closure would have required large scale
distribution shifts either southwards around Cape
Horn, northwards through the Arctic Ocean, or
eastwards across the Atlantic and Indian Oceans.
These types of long-distance dispersals in the late
Cenozoic would have exposed taxa to drastic dif-
ferences in latitudinal temperatures, habitats, and
prey availability. The majority of the elasmobranch
taxa in the Venice assemblage are represented by
ectothermic, nearshore species adapted to sub-
tropical and tropical environments that would not
have been readily capable of largescale, transoce-
anic migrations. In fact, while many extant elasmo-
branch taxa are globally ubiquitous, some form
geographically restricted subpopulations with mini-
mal gene flow between ocean basins (e.g., Castro
et al., 2007; Castro, 2011; Blower et al., 2012;
O’Leary et al., 2015; Andreotti et al., 2016; Bernard
et al., 2016; Hillary et al., 2018; Sales et al., 2019;
DeGroot et al., 2021). It seems likely that this situa-
tion would have also occurred between elasmo-
branchs in the Gulf of Mexico and eastern Pacific
during the late stages of CAS closure across the
Miocene–Pliocene boundary and that isolated, less
mobile taxa were subsequently driven towards
local extirpation. 

CONCLUSIONS

The Venice Elasmobranch Assemblage con-
sists of at least 45 taxa and is: 1) the most diverse
elasmobranch assemblage reported by SCUBA
diving submerged outcrop exposures known glob-
ally; 2) represents the most diverse, time-averaged
elasmobranch assemblage reported from a single
collecting region Florida; 3) is one of the most
diverse late Cenozoic elasmobranch assemblages
known from the USA, and 4) is one of several elas-
mobranch assemblages presently known to reflect
the Miocene–Pliocene boundary in the USA
(Tables 2–3). The 45 taxa in the Venice Elasmo-
branch Assemblage consist of benthic, neritic, and
oceanic forms that are similar to extant species
found in the Gulf of Mexico and Western North
Atlantic Ocean today (e.g., Table 1; Bigelow and
Schroeder, 1948a, 1948b, 1953; Castro, 2011; Last
et al., 2016a; Ebert et al., 2021). The majority of
the taxa in the Venice Elasmobranch Assemblage
are represented by ectothermic, shallow water,
tropical–subtropical species, including some with
Indo-Pacific affinities, and 37 of 45 taxa are still
represented in the modern oceans. The eight glob-
ally extinct taxa in the Venice Elasmobranch
Assemblage are represented by carcharhiniform

and lamniform sharks including the megatoothed
shark, O. megalodon. Also apparent in the Venice
Elasmobranch Assemblage is a mixing of large,
macrophagous lamniform shark teeth with those
from smaller carcharhiniform and batoid taxa.

Elasmobranch teeth are exceptionally abun-
dant on the shallow Venice continental shelf
because they are composed of durable, biogenic
fluorapatite and have been concentrated into resid-
ual lag deposits as a result of shifting erosion and
deposition largely driven by changes in climate and
sea-level during the late Cenozoic (e.g., Haq and
Ogg, 2024). These lag deposits represent the con-
centration and mixing of durable remains, including
fossils, over several hundred thousand to several
million years of time (e.g., Scott, 1988; Becker et
al., 1998; Boessenecker et al., 2014; Maisch et al.,
2015, 2018, 2019a, 2019b). Differing amounts of
reworking has resulted in variable amounts of
taphonomic wear and bioerosion on elasmobranch
teeth across the Venice shelf (e.g., Maisch et al.,
2019a).

In addition to influencing the concentration
and preservation of fossil elasmobranch teeth on
the Venice shelf, climatic and sea-level changes
occurring during the late Cenozoic also impacted
habitat availability, dispersal, and migratory abilities
of many of the Venice taxa. In particular, the nar-
rowing and shallowing of the CAS led to increased
geographic isolation and restructured ocean cur-
rents, while cooling global temperatures and sea-
level regression associated with increased ice
sheet formation in the northern and southern hemi-
spheres reduced shallow marine habitat, increased
latitudinal temperature gradients, strengthened
ocean currents, and redistributed nutrients. Collec-
tively, these large-scale changes likely contributed
to the global extinction of many macrophagous
lamniform sharks including O. megalodon and the
localized extirpation of smaller, benthic and neritic
species from the Gulf of Mexico during the Plio-
cene, including Heterodontus, Rhynchobatus, and
Anoxypristis. 
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