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Shark Classification
• Sharks belong to the class Chondrichthyes 

(cartilaginous fishes)

• Along with their relatives, rays and skates, 
sharks belong to the subclass 
Elasmobranchii

• Another subclass, Holocephali.  The only 
living order, Chimaeriformes, are informally 
referred to as “ghost sharks”.

• Still debate even at the subclass level.
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Paleozoic Shark 
Preservation

• Because shark skeletons are made of 
cartilage, they are rarely preserved in fossils.  
Cartilage decays rapidly in oxygenated 
environments.

• Paleozoic sharks generally didn’t replace teeth 
nearly as fast as modern sharks, so we don’t 
find as many of their teeth

• Therefore, the very old shark fossil record is 
spotty, mainly denticles, teeth, and fin spines
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The Oldest Sharks
• The first shark-like fossils are denticles 

(minute teeth-like structures that cover 
much of the body) from the late 
Ordovician (about 455 mya).

• Denticles are thought to give rise to teeth 
in sharks.

• The first unambiguous shark teeth and 
shark body imprints are from the Devonian 
(about 409 mya).
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One of the Oldest

Shark like denticle from around 
420 Million years ago
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Oldest Preserved Shark

reassigned holotype and topotype specimens to Doliodus, with no
doubt of its selachian nature, noting the succession of teeth. Since
the early work and until recently2,7, however, the teeth have been
erroneously assigned to the Acanthodii18. D. problematicus teeth
are now reassigned to Chondrichthyes, with a structure similar to
that of some xenacanthiforms, and included in the Omalodontida
Turner 1997, known from shark teeth with a labially extended
base2.
Until now, Pucapampella from the Late Emsian of South Africa4

and Emsian?/Late Eifelian/Givetian of Bolivia10 showed the oldest
chondrichthyan cranium. The large braincase of Doliodus, in part
and counterpart, is preserved from the precerebral fontanelle to just
in front of the occipital region with the basal surface abutting the
palatoquadrate (Fig. 2a, b). The precerebral fontanelle is prominent
and large, similar to that of Tamiobatis9 and Gladbachus13. We
considered its presence as a putative elasmobranch synapomorphy10

(neoselachian synapomorphy sensu Coates and Sequeira19); non-
chondrichthyan taxa and holocephalans do not have a precerebral
fontanelle10,19. The neurocranium ofDoliodus is the oldest to possess
this fontanelle. The Doliodus neurocranium has a moderately
long otico-occipital region and shows similar proportions to
Tamiobatis and Xenacanthus9. Postorbital processes are wider
than in Pucapampella, although narrower than the total width of
the otico-occipital unit, a purported plesiomorphic condition

within chondrichthyans19. Poorly developed lateral otic processes
are present, a character considered to be a chondrichthyan synapo-
morphy10. Evidence of a ventral otic fissure cannot be observed as
preserved. Comparison of this feature to Pucapampella4,10 is not
possible. Posteriorly, an elongate median endolymphatic fossa is
present; this character sets Doliodus as a chondrichthyan above
Pucapampella10.

The mandibular, hyoid and branchial arches are preserved almost
in life-position (Fig. 1), but the latter two are slightly displaced
posteriorly. The right side is more difficult to interpret because of
the overpositioning and lateral compression of the meckelian
cartilage, basihyal, palatoquadrate, ceratohyal and anterior three
ceratobranchials. The inverted U-shaped median basihyal is wide
and constricted at the symphysis. The basihyal and basibranchials
are separated by a gap. Two basibranchials are preserved; the
posterior one being the largest. Four (perhaps five) pairs of
elongated, slightly sigmoid ceratobranchials form the main part
of the branchial apparatus. The visceral skeleton of Doliodus shows
gross similarity to that of Gladbachus13, with the exception of the
shape of the basibranchials and ceratobranchial IV.

Morphology of both pectoral fins is well preserved (Figs 1 and 3).
Uniquely for chondrichthyans, fin-spines form the anterior margin
of the pectoral fins inD. problematicus. Notably, the fin-spine of the
articulated shark Antarctilamna prisca (CPC (Commonwealth

Figure 1 Partial articulated shark, Doliodus problematicus (NBMG 10127/1b,2,3).

a, Specimen lying dorsal side up with the head at top and extending posteriorly to
behind the pectoral fins. pfs, pectoral fin-spines. b, Map showing cartilage elements
(black infill) and large areas of denticles (grey). mmd, location of mucous membrane

denticles on counterpart; sym, symphysis; tth, area with in situ teeth; thf, in situ tooth

family; mc, Meckel’s cartilage; pq, palatoquadrate; bhy, basihyal; chy, ceratohyal;

bbra; anterior basibranchial; bbrp, posterior basibranchial; cbr, ceratobranchials

(I–V?); sca, scapulocoracoid; pfs, pectoral fin-spines; rad, radials; sp, partial spines;

denticle enlargements as preserved from branchial region (1), from pectoral fin (2)

and from trunk region (3). Scale bar, 1 cm. Scales are separate for denticle

enlargements.

letters to nature

NATURE | VOL 425 | 2 OCTOBER 2003 | www.nature.com/nature502

TextText

Miller RF, Cloutier R, Turner S. The oldest articulated chondrichthyan from the Early Devonian 
period. Nature. 2003;425:501–504
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Shark Diversity

• Sharks experienced two time periods of wide 
diversity, during the Carboniferous and the 
Cenozoic

• The Carboniferous has been referred to as a 
“golden age of sharks”, with lots of strange 
looking sharks

www.devoniantimes.org
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The Strange Ones
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Stethacanthus

Benton, M.J. (2005) Vertebrate Palaeontology [3rd Edition]. Blackwell Publishing: Main, USA

Dermal denticles
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Stethacanthus

Not sure why this 
shark had these 

“features”
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Symmorium
A contemporary of Stethacanthus, some believe 
Symmorium may be female Stethacanthus.  No 

recognizable male Symmoriums have been 
found.
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Falcultus and Damocles
The “Unicorn” shark
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Falcultus and Damocles
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Iniopteryx
• Iniopteryx has spines that resemble wings.  

Some speculate that Iniopteryx could “fly” 
similar to present day flying fish.

• Part of the Holocephali subclass
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Edestus, the "scissor-
tooth” shark

Edestus newtoni
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Edestus
Edestus teeth probably grew 

new teeth and gum at the back 
of its mouth, pushing the older 
teeth forward out of its mouth

Edestus giganteus, known from 
a single set of teeth, may have 
grown to the size of a modern 

white shark

One specimen found at Lake 
Jacksboro
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Helicoprion
No, this is not an ammonite!
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Helicoprion

• The spiral arrangement of teeth, called a 
symphysial whorl, has puzzled 
Paleontologist for years

• Since we only have sets of teeth, there have 
been some very imaginative conjectures as 
to what Helicoprion looked like
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Helicoprion

Early speculation
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Helicoprion

A more modern guess
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Helicoprion

The latest - the spiral teeth are in the throat!
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The Competition
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Placoderms
Armored Fish

• Placoderms (meaning plate skin) were 
armored by their extensive dermal skeleton

• Placoderms lived during the Silurian and 
Devonian, going extinct at the Devonian

• They may have gone extinct because of 
competition with bony fish and early sharks 
(plus the end Devonian extinction event)
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Dunkleosteus
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Order 
Petalodontiformes
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LUND -MISSISSIPPIAN PETALODONTS FROM MONTANA 365 

uniquely distinguish the Petalodontiformes from the 
Tanaodus-Lisgodus clade. A series of alternative de- 
velopmental trends are thus indicated as the driving 
mechanism of petalodont evolution. The scanty avail- 
able evidence further suggests a cladistic scheme of 
autapomorphous tooth and dentitional characters, 
reinforced by body form where known (Fig. 18). Any 
alternative scenarios that would involve a close rela- 
tionship between Tanaodus and Janassa would require 
the convergent origin of the petalodont tooth-root in 
the Janassidae and the other petalodonts and the con- 
sequent polyphyletic origin of the Petalodontiformes. 
This interpretation would also require the parallel or 
convergent loss of the plesiomorphous basal tooth con- 
ditions of a vertically constricted root, lamellar basal 
bone, and neck canals, and consequently the conver- 
gent development of the janassiform tooth in at least 
two lineages. The first alternative is adopted as the 
favored hypothesis in this paper and the petalodonts 
are restricted to a few reasonably circumscribed groups. 
In any scheme, however, the possibility that the Be- 
lantseidae are a grade rather than a clade cannot be 
dismissed, nor can the possibility of the polyphyletic 
origin of the petalodont tooth-root. 

CONCLUSIONS 

Two new petalodont chondrichthyans are described 
from the Bear Gulch Limestone of Montana on the 
basis of whole individuals and dentitions, one from a 
braincase outline and dentition, and two from more 
fragmentary remains. With the data now available 
about whole heterodontous petalodont dentitions, there 
is no possibility of successfully relating petalodont tooth 
taxonomy to any taxonomy based upon whole animals 
or whole dentitions until more whole dentitions or 
individuals are found. In effect, this removes all but a 
few specimens from any taxonomic assignment and 
relegates them to Petalodontiformes incertae sedis. 
Another aspect of the taxonomic problem involves 
body form, which is known only from Janassa bitu- 
minosa where it is deeply depressed and dorsal fins are 
absent (Jaekel, 1899; Malzahn, 1968, 1972) and from 
the Belantseidae where it is strongly compressed and 
dorsal fins are large. There is indirect evidence that the 
body form of Polyrhizodus digitatus is not depressed 
(Lund, 1983). Higher taxonomic units of Recent fish 
displaying this much divergence in body form are in- 
variably placed in separate orders. P. digitatus (Lund, 
1983) shares a similar complex squamation with Be- 
lantsea but not with Netsepoye, P. beargulchensis, or 
J. bituminosa. Separation of the Janassidae from the 
remainder of the petalodonts on the subordinal level 
is suggested. The systematic scheme proposed in this 
paper is summarized as follows: 

Order Petalodontiformes 
Suborder Petalodontoidei 

Family Petalodontidae 
Petalodus 

Polyrhizodus 

17 6 

0 4 

112 

FIGURE 18. Cladogram of petalodontiform relationships. 
Node 1: sigmoidally curved teeth, lingual and labial ridges, 
elevated and elongate crown above labial edge, basolingual 
root, loss of neck canals. Node 2: depressed body, mushroom- 

shaped scales, homodont teeth (posterior field only) with low 
and blunt crowns and extended lingual shelves. Node 3: com- 
pressed body (?). Node 4: sharp apexes, highly denticulate 

uppers, lingual shelves with pits, crowns labiolingually curved, 
thin roots. Node 5: acute apexes, smooth to moderately den- 
ticulate crowns, anterior teeth lack lingual shelves, complex 
and compound scales. Node 6: roots elongate or blunt, teeth 
decrease markedly in size from anterior to posterior fields. 
Node 7: homodont teeth (anterior field only), smooth or 

slightly denticulate crowns, moderate decrease in tooth size 

posteriad. 

Family Pristodontidae 
Pristodus 
Siksika ottae, gen. et sp. nov. 
Petalorhynchus beargulchensis, sp. nov. 
Peripristis 
Megactenopetalus 

Family Belantseidae 
Belantsea montana, gen. et sp. nov. 
Netsepoye hawesi, gen. et sp. nov. 
f'2tenoptychius 

Suborder Janassoidei 
Family Janassidae 

Janassa clarki, sp. nov. 

The only significant autapomorphous characters 
uniting the teeth of the Petalodontiformes are the com- 
pressed coronal apex, the sigmoidal outline, and the 
basolingually directed root and vascular canals. Mem- 
bers of the genera Chomatodus, Tanaodus, Harpaco- 
dus, Lisgodus, and Venustodus, previously included in 
the petalodonts, share with cochliodonts, helodonts, 
and orodonts a finished, constricted lamellar bone base 
with neck vascular canals centrally located below the 
tooth crown. Individual dentitions containing nominal 
species in many of these genera are known from Bear 

Petalodontiform Cladogram

Petalodus

Belantsea

Peripristus

Megactenopetalus

Lund, Journal of Vertebrate 
Paleontology, Vol. 9, No. 3 (Sep. 

28, 1989), pp. 350-368
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Petalodontiforms
• Petalodontiforms are know almost 

exclusively from their teeth

• What they look like is speculation

• Their teeth typically have a sigmodial shape 
(elongated ‘S’) with an elongated root

• They existed from the Mississippian to the 
Permian

• Debate on which subclass they belong to
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Petalodus Teeth

Robb 

A 

B 

C D E 
Figure 2. Petalodont teeth and dental 

arrangement. (A) Reconstruction of the 
dentition of Petalodus ohioensis, labial view 

(from Hansen 1996); (B) Dentition placement of 
Janassa bituminosa in vertical section (from 
Zangerl 1981); (C-E) Lingual, lateral (vertical), 
and labial views of medial P ohioensis tooth 
with key features labeled (Cef = cutting edge 
furrows, Cr = crown, Dct = distal crown tongue, 
Ro = root) (scale bars are approximately 1 cm). 

a time of overall deepening water conditions 

as part of a renewed regional marine 

transgression (Merriam and Merriam 1991). 

The first petalodont specimen (KUVP 

133222), identified as Petalodus ohioensis, 
is a relatively complete tooth adhering to a 

3.5 cm by 4 cm piece of matrix that provides 
a labial view only (Fig. 3A). The tooth 

measures approximately 3.0 cm high (1.6 cm 

is crown and 1.4 cm is root structure), 3.0 cm 

wide, and exhibits a slight lateral elongation. 
The crown is robust with vertical cutting edge 
furrows present along the entire coronal 

margin. A faint wavy pattern is present on the 

horizontal imbricating ridges of the distal 

crown tongue at its margin with the root. The 

asymmetry of the tooth indicates that it is 

from a lateral position in the mouth. Slight 

post-preservational damage to the crown and 

the lateral and distal root structure has 

exposed the vesicular pattern of the 

osteodentine (trabecular dentine). Overall, 
the specimen appears to have been exposed to 

little taphonomic abrasion during deposition. 

The second petalodont specimen (KUVP 

133223) was collected on the eastern side of 

the road cut along U.S. Highway 59, at the 

midline, W/2, W/2, Sec. 32, TO1S, R19E, 
Jefferson County, Kansas. The specimen was 

recovered from the upper eroded surface of 

the Ervine Creek Limestone Member of the 

Deer Creek Limestone Formation (Shawnee 

Group, Virgilian). At this location, the 

limestone member is a 1.8-to-2.8 m thick 

wackestone to bioclastic grainstone, massive 

at its base and exhibits wavy bedding that thins 

upward. It is light gray to tan when fresh, and 

weathers to a light gray to yellowish brown. 

This limestone member is highly 

fossiliferous, locally coquinoidal, and 

contains algae, fusulinids, brachiopods, 

corals, echinoderms (echinoids and crinoids), 

bryozoans, gastropods, pelecypods, 

cephalopods, and trilobites (Robb and 

Michnick 1990). The Ervine Creek has also 

yielded a cochliodontid (cf. Deltodus) 

toothplate at this same locality. The Ervine 

Creek Limestone Member has been 

interpreted to have been deposited in an open 
marine environment with localized evidence 

of significant regressive shallowing (Robb 
and Michnick 1990). Other members of the 

Deer Creek Limestone have also yielded 

chondrichthyan taxa at this locality. For 

example, dermal denticles from 

Listracanthus hystrix Newberry and 

Worthen, 1870 (? spines) and Petrodus 

74 

Ro - Root
Dct - Distal crown tongue
Cr - Crown
Cef - Cutting edge furrows
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Petalodus Teeth 
Placement Robb 

A 

B 

C D E 
Figure 2. Petalodont teeth and dental 

arrangement. (A) Reconstruction of the 
dentition of Petalodus ohioensis, labial view 

(from Hansen 1996); (B) Dentition placement of 
Janassa bituminosa in vertical section (from 
Zangerl 1981); (C-E) Lingual, lateral (vertical), 
and labial views of medial P ohioensis tooth 
with key features labeled (Cef = cutting edge 
furrows, Cr = crown, Dct = distal crown tongue, 
Ro = root) (scale bars are approximately 1 cm). 

a time of overall deepening water conditions 

as part of a renewed regional marine 

transgression (Merriam and Merriam 1991). 

The first petalodont specimen (KUVP 

133222), identified as Petalodus ohioensis, 
is a relatively complete tooth adhering to a 

3.5 cm by 4 cm piece of matrix that provides 
a labial view only (Fig. 3A). The tooth 

measures approximately 3.0 cm high (1.6 cm 

is crown and 1.4 cm is root structure), 3.0 cm 

wide, and exhibits a slight lateral elongation. 
The crown is robust with vertical cutting edge 
furrows present along the entire coronal 

margin. A faint wavy pattern is present on the 

horizontal imbricating ridges of the distal 

crown tongue at its margin with the root. The 

asymmetry of the tooth indicates that it is 

from a lateral position in the mouth. Slight 

post-preservational damage to the crown and 

the lateral and distal root structure has 

exposed the vesicular pattern of the 

osteodentine (trabecular dentine). Overall, 
the specimen appears to have been exposed to 

little taphonomic abrasion during deposition. 

The second petalodont specimen (KUVP 

133223) was collected on the eastern side of 

the road cut along U.S. Highway 59, at the 

midline, W/2, W/2, Sec. 32, TO1S, R19E, 
Jefferson County, Kansas. The specimen was 

recovered from the upper eroded surface of 

the Ervine Creek Limestone Member of the 

Deer Creek Limestone Formation (Shawnee 

Group, Virgilian). At this location, the 

limestone member is a 1.8-to-2.8 m thick 

wackestone to bioclastic grainstone, massive 

at its base and exhibits wavy bedding that thins 

upward. It is light gray to tan when fresh, and 

weathers to a light gray to yellowish brown. 

This limestone member is highly 

fossiliferous, locally coquinoidal, and 

contains algae, fusulinids, brachiopods, 

corals, echinoderms (echinoids and crinoids), 

bryozoans, gastropods, pelecypods, 

cephalopods, and trilobites (Robb and 

Michnick 1990). The Ervine Creek has also 

yielded a cochliodontid (cf. Deltodus) 

toothplate at this same locality. The Ervine 

Creek Limestone Member has been 

interpreted to have been deposited in an open 
marine environment with localized evidence 

of significant regressive shallowing (Robb 
and Michnick 1990). Other members of the 

Deer Creek Limestone have also yielded 

chondrichthyan taxa at this locality. For 

example, dermal denticles from 

Listracanthus hystrix Newberry and 

Worthen, 1870 (? spines) and Petrodus 

74 

It’s uncertain whether some of the 
teeth are on the upper or lower jaw

1 cm

Hansen, M. C. 1996. Phylum Chordata-Vertebrate Fossils; pp. 288–369 in R. M. Feldmann and M. 
Hackathorn (eds.), Fossils of Ohio. Ohio Division of Geological Survey Bulletin 70, Columbus, 
Ohio.
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Petalodus
• Distribution of Petalodus is wide spread, 

from New Mexico to Ohio, several places 
in Europe, and Asia.

• The teeth suggest the Petalodus diet 
consisted of soft tissue prey, possibly 
cephalopods

• May have been up to 2 m long

• Most numerous of Carboniferous “shark” 
teeth found
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Belantsea Montana

From the Bear Gulch Limestone (Mississippian)
TeLund, Richard, and Grogan, E.D., 2005, Bear Gulch web site, www.sju.edu/research/bear_gulch,

date accessed 08/01/10, date updated 2/1/2006
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Drawing of Belantsea 
Type Specimen

centimeters

Journal of Vertebrate Paleontology, Vol. 9, No. 3 (Sep. 28, 1989), pp. 350-368
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Belantsea Teeth

millimeters
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Belantsea

• Belantsea is the closest relative to 
Petalodus where we have a good idea of 
what it looks like.

• Fossil evidence suggests several immature 
replacement teeth existed behind each of 
the front teeth.

• Belantsea teeth are rare.
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Peripristis
• Have been found in Texas, New Mexico, 

Ohio, Colorado, and Illinois, but not outside 
of North America

• Not much is known about Peripristis.  Only 
isolated teeth have been found.

• May have fed on corals and/or conularids, 
like modern parrot fish.

• Originally name Ctenoptychius (ten-op-
tik'i-us).
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Peripristis Teeth

http://snr.unl.edu/data/geologysoils/fossils/fossilfish.asp
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Megactenopetalus

• Dentation includes a single lower tooth

• Found in North America, Iran, and China

• Teeth have been found in the Glass 
Mountains of Texas

MICHAEL C. HANSEN 

A b 

TEXT-FIG. 2-Provisional reconstruction of the den- 
tition of Megactenopetalus kaibabanus. A, mouth 

opened for feeding; B, mouth closed. Features 
other than the dentition are purely conjectural. 
x 1/6 approximately. 

Dzhulfian in age also (Golshani and Janvier, 

1974). The additional specimen from the 

United States was reported by Ossian (1976) to 

be from the Glass Mountains of Texas and of 

questionable Wolfcampian age. 

PALEOGEOGRAPHIC DISTRIBUTION 

The eight reported specimens of Megacteno- 

petalus kaibabanus exhibit a latitudinally 

restricted but widespread distribution that is 

worthy of note because of the concurrence of 

the localities to just north of the 30th parallel; 
these localities fall into a range of between 

30?N and 33?N. The Permian continental con- 

figuration as determined from paleomagnetic 
data by Smith and others (1973) and modified 

by Vine (1973) shows a greater degree of 

latitudinal variation for these localities. The 

North American specimens of Megacteno- 

petalus are from very near the Permian 

equator. However, the specimen from Iran 

came from about 20?S and the specimens from 

China were collected at approximately 15?N. 

It is of interest that the two specimens of 

Megactenopetalus from China are the only 

petalodonts reported from eastern Asia. The 

evolutionary significance of this occurrence is 

uncertain; however, Vine's (1973) placement of 

southeast Asia during the Permian is sup- 

ported by this distribution. 
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Conclusion

• During the Carboniferous, sharks enjoyed a 
golden age

• Many different body types and teeth 
arrangements were experimented with

• A lot of sharks are only know from their 
teeth

• Still a lot to learn about Paleozoic sharks
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