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ShARKS'

SINK YOUR TEETH IN!

R/ T > ’

»What?
New exhibit on
Maryland sharks

>Where?
Calvert Marine Museum
Solomons, MD

»When?
July 2021 — December 2022




Outline

1. Who did Megalodon evolve from?

2. What did Megalodon eat?

3. How big was Megalodon?




Who did Megalodon evolve from?

Carcharodon Carcharocles Procarcharodon Megaselachus Otodus

Agassiz (1833-1844) Jordan (1923) Casier (1960) Glickman (1964) Cappetta (2012)
Shimada (2017)

The different names proposed for the genus of Megalodon refer to
different theories about its evolutionary relationships.



alodon vs. Great White

1cm 1cm

Otodus megalodon Carcharodon carcharias
s



Bourlette present Bourlette absent

Fine, even serrations /

Coarse, uneven serrations /

1cm 1cm

Otodus megalodon Carcharodon carcharias




Megalodon Evolution: Megatooth Shark Lineage

Otodus obliquus Carcharocles auriculatus Carcharocles angustidens Carcharocles chubutensis Carcharocles megalodon
60 Ma 45 Ma 30 Ma 20 Ma 15 Ma



Great White Evolution: White Shark Lineage

Serrations absent Developing serrations ~8-5 m.y.a. Full serrations

Carcharodon hastalis Carcharodon hubbelli Carcharodon carcharias



Evolutionary Relationship

Family
Otodontidae Otodus megalodon

Otodus chubutensis
Order

Lamniformes Carcharodon carcharias

Family Carcharodon hubbelli
Lamnidae Carcharodon hastalis

Isurus paucus
Isurus oxyrinchus

»Megalodon and the Great White are in two separate taxonomic families
» Their last common ancestor was in the Cretaceous (>65 million years ago)
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What did Megalodon eat?

Megalodon’s Menu Items

 Marine mammals
= whales, dolphins, seals, manatees

 Large bony fish
J Other sharks

 Marine reptiles
= turtles and crocodiles

Megalodon has cutting-type teeth, which help to dismember prey!




Direct Evidence of Predation

Carcharocles sp.

tooth serration marks




Megalodon Daily Diet

It was estimated that
Megalodon would require
2500 pounds of food per

day to support its large
size!

4“ [
When dig Megalodon livey

Florida Museum travelling exhibit on Megalodon



Interpreting Diet from Teeth

Tooth Shape P Tooth Function




Chondrichth

an Tooth Functions

Cutting

Grasping

Large, fleshy prey

Crushing




Evolution and Ecology

Otodus obliquus Carcharocles auriculatus Carcharocles angustidens Carcharocles chubutensis Carcharocles megalodon
60 Ma 45 Ma 30 Ma 20 Ma 15 Ma

Did Megalodon’s ancestors have the same diet?




Megalodon Evolution along the Calvert Cliffs
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How big was Megalodon?

Calvert Marine Museum Smithsonian Western Australian Museum
Solomons, MD Washington, DC Perth, AU



Megalodon Fossil Record

Known fossils of C.megalodon

Approximate ratio of known
g.‘. m_elegalodon teeth to vertebrae
ossils.

© www.prehistoric-wildlife.com 28-08-2014




Body Size Myth

Every inch of tooth equates to 10 ft of length

Lower Left

Associated Dentition — multiple teeth found together that came from one individual




Popular Method

tEREES Jourrsal of Fossil Research, Vol. 35(2), 28-33(2002)
[Criginal Report]

The relationship between the tooth size and
total body length in the white shark,
Carcharodon carcharias (Lamniformes: Lamnidae)

SHIMADA, Kenshu*

Abstract
The relationship between the height of tooth crown (CH) and total body length (TL) in the modern grear white
shark, Carcharodon carcharias (Linnacus) (Lamniformes: Lamnidae) is examined using regression analyses. The
results suggest: 1) that an increase in the CH of cach 1ooth through replacement is proportional to the increase in
the TL, 2) that the CH can be used to predict the TL, and 3) that distally located teeth develop faster through
replacement compared to mesially located teeth. A comparison with previous data suggests that the “growth rate”
between the crown and root is perhaps pot isometric. These data can be applied to paleontological practices.

Key words: dentition, clasmobranch, growth, lamnoid, morphology, variation

Introduction
The presence of intraspecific variation in tooth
mombology is known in various clasmobranchs. Common
examples (ather than pathologic or abnormal tecth:
Gudger, 1937) include ones cavsed by sexval differences
. 1966, Kajiura anxd Tricas, 1996) and oncs

data on morphological variation are still scarce for most
clasmobranchs. Some have examined intraspecific
variution of one or a few selected teeth quantitatively, but
none of them evaluated the dental homology critically (e.g.,
Applegate, 1965; Randall, 1973). Indeed, the inability to
recognize homologous teeth across conspecific individuals

by oatogeny (c.g.. Ref, 1976; Shimada, 2002b). However, has hampered investigators to conduct rigorous analyses on
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Use of nursery areas by the extinct
megatooth shark Otodus megalodon
(Chondrichthyes: Lamniformes)

Ancient Nursery Area for the Extinct Giant Shark
Megalodon from the Miocene of Panama

Catalina Pimiento"*3*, Dana J. Ehret™®, Bruce J. MacFadden®*, Gordon Hubbell®
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Body-size trends of the extinct giant shark Carcharocles
megalodon: a deep-time perspective on marine apex predators

Catalina Pirien fo and Meghaot A. Balk

Abstract

Badkground: As we know from modem spedes, nursery areas are essential shark habitats for vulnerable young. Nurseries
are typically highly productive, shallow-water habitats that are characterized by the presence of juveniles and neonates. It
has been suggested that in these areas, sharks can find ample food resources and pratection from predators. Bassd on the
fiassil recard, we know that the extinct Carcharadles megalodon was the biggest shark that ever lived. Previous proposed
paleo-nursery areas for this spedes were based on the anecdotal presenee of juvenile fossil teeth accompanied by fossl
marine mammals. We now present the first definitive evidence of andent nurseries for . megalbdon from the late Miocene
«of Panama, about 10 million years ago.

Methodology/Principal Findings: We collected and measured fossil shark testh of £ megalodon, within the highly
productive, shallow marine Gatun Formation from the Miocene of Panama. Surprisingly, and in contrast to ather fossl
accumulations, the majority of the testh from Gatun are very small Here we compare the tooth sizes from the Gatun with
specimens from different. but analogous localities. In addition we caloulate the total length of the individuals found in
Gatun. These comparisons and estimates suggest that the small size of Gatun's C megalodon is neither related to a small
population of this species nor the tooth position within the jaw. Thus, the individuals from Gatun were mostly juveniles and
neonates, with estimated body lengths between 2 and 10.5 meters.

Conclusions/Significance: We propose that the Miocene Gatun Formation represents the first documented palec-nursery
area for C. megalodon from the Neotropics and one of the few recorded in the fossil record for an extinet selachian. We
therefore show that sharks have used nursery areas at least for 10 millions of years as an adaptive strategy during their life

Abstract —The extinct shark Ceehanodes megmbon is ome of the langest marine apex predaions sver o esdst.
Mometneless, htte i koo abaourt it bosdy-siee kﬂriﬂt'[:ﬂhﬂ\l’t:uﬂ'\ e m\d.-\.r.uu:. Here, wer sthosdliond thee basd v
sire trencs of thruagh its tempoal and geographic mnge to beter understand its ecology and
evohation Given that this species was the Lt of the megatoth lineage, a grup of speces that shows a
purporksd stee increse through time, we by pothesioed that O Ak displayed this trend, increasing
i siee over time amd mst'J\h\-S it I.:q_q!:-t e Prit:r o ewtinction. W ound that O :rr:'gn_\'x.lr.ur sl s e
digtribution was keft-skewed 1»um5ﬁ15 a I(r-g-'!m aelective e Esmrhvs I.:lg!rr mcdivichuake), and
presented significant geogn phic variation (possibly 25 a result of the heterogeneous ecological constraints of
his c'v:hm:-rx:[itm\ .-\.Pe!t"!E-:l mer gxitgk' time. Fially, we found that s was e gpwml e of sive
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and c:-ur]wE:nﬂve:vh.f.i'r\-un that . smegpalodon is 2 relatively lang-lived species with a widely ditributed fosil
rescred, e harthver used thisshudy systemn o provide a deep-time perspective & fwe undenstanding of the body-
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shark species can prodhace stable sizes over geokogic time, n#mﬂemtmfﬂu: sz trencds of their linmeagress.
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Introduction

Sharks, epecilly lage speokes, am highly mobile organims
with a complex life history and wide distribution, During ther
lifetime they generally utlme three types of areas: adlt feeding,
aepriductin as tumerss [1] B oo specis, sorsny antas
are historically defined by the presence of gravid females and free-
vttt fui ok, It 3 ahimy s drocs et s Bt gl By vl

, where young sharks spend their fimst weels, months

cont siunches have define] nurery aneas 3

geographically dicrete esential zones for shark survival [3] that

provides them with two types of benefite protection from

predaton (mainly nger sharks [2]) and abnandam fod resoumes,

Prodhuctive, shallow-water ecosystems this provide sharks sigmi-

kant prowcton from hrgr pedaoms andfor abundam food
resources, beth of which am exsential to survival [4].

(). PLoS ONE | wwwplosone.arg

The Gatunisa highly fossdifems Neogene formation kcaved
the Bthmz of Pamama (Fgure |) with a dhemse G of sharlks
[5-7]. It was Jocated within a marine strait that conmected the
Pacific Ocean and the Caribbean Sea during the late Miocene
(~10 Ma) [B]. Stdies of different taxa, inchading the excesdingly
diverse molhscn fauna, indicate that it was a shallow vater|
comystem (~25m depth] with ligher sBnity, mem anmd
temperature vanations, seasomlity and productivity relative o)
mxdern systems in this region [7,%13). Over the past 20 years, the
Gatm Formation localities have been extensively wed to extract
sediment for comtnrton, Duning the mere recent years, dhese
extraction activities have inreased substantially. Based on our|
whservations masde during the two past yeans of fiekiwork, we predict
that thee outrops will soon likely be exavated conpletely.
Therefire it & tmely and umgent to study the kil ocanming n
these custerops before they are no knger available & scence,

May 2010 | Vaume 5 | lswe 5 | «10552
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Introduction

The extinct megatooth shark Carcharoces
megalodon is the largest shark ever to exist
(Gottfried et al. 19946). From its tooth sze and
morphology, it was inferred to have been an
apex predator that reached up o ~18 m of total
lemgth (TL) (Gottfried et al. 1996; Pimiento et al.
2010; Pimiento et al. 2013a). Furthermore,
given the mearly global distribution of its fossil
record, C. megalodon is considered to have been
a cosmopolitan species  that lived  from
ca. 159Ma (middle Miocene) o ca. 26 Ma
(Pliocene/Pleistocene boundary) (Applegate
and Espinosa-Arrubarrena 199%; Gottfried
et al. 199; Purdy 199%; Purdy et al. 2001;
Cappetta 212; Pimiento and Clements 2014).

Apex predators are animals with no preda-
tory pressures, Usually they are large-bodied
vertebrates that can move over large areas, thus
mteracting with different commumities. Most

importantly, apex predators are pivotal in
maintaining ecosystem stability, and their elim-
ination can produce cascading effects through-
out entire food webs (Myers et al. 2007
Terbargh et al. 2000; Estes et al. 2011). Acaord-
ingly, the extincbion of C megaodon potentially
affected the stucture and function of ancient
woosystemns (Pimiento and Clements 2014). The
causes of its extinchion are stll unknowr

The phylogenetic relationships of C. megaladon
have mamly been studied on the basis of its
relatedness to the great white shark, Cardharodon
arrcharias (g, Long and Waggoner 1996
Martin 1996). To our knowledge, no phylogenies
for this spedes have ever taken into considera-
ton all its ancestors. Thus, the tawonomy of
C. megalodon has long been debated, with a
rumber of possible interpretations. For instance,
some authors place it in the geruas Cardurodon
(Barmily Lamridae) (e, Applegate and Espinosa-
Arrubarrena 199%; Gottiried et al. 199; Purdy

B 2015 The Paleomtologrical Soviety. All dghts neserved. This & an Owpen Accesss article, distribubed under the teerms ook the
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Mursery areas are fundamental for the suceess of many marine species, par-
ticularly for large, slow-growing taxa with low fecundity and high age of
maturity. Hene, we examine the population szeclass structure of the extinet
gigantic shark Ododus megabdon in a newly deseribed middle Miocene
lma]jf_v frorn Mot heastern Spain, as well as in e‘ghl vahugl_v krovrn for-
matiors (Temblor, Calvert, Pisco, Gatin, Chucunague, Bahia Inglesa,
Yorktown and Bone Valley). Tn all cases, body lengths of all individuals
were infernad from dental parameters and the size-class structure was esti-
mated from kemel probability density functions and Gaussian misxtune
models Our analyses support the presence of five potential nurseries ran-
ging from the Langhian (middle Miocene) to the Zanclean (Pliocens), with
higher dersities of individuals with estimated body lengths within the typi-
cal range of neorates and young juvenies. These results neveal, for the first
time, thal mirsery areas were commaonly used by O, megaladon over largs
temponal and spatial scales, reducing early mortality and playing a key
mle in mantaining visble adult populations. Ultimately, the presumed
meliance of O, megaldon on the presence of suitable nursery grounds
might have also been determirant in the demise of ths konic top predatory
shark.

1. Introduction

Oiodies megalodon & the largest macropredatory shark to have ever lived, with
body length estimates of up to 1518 m for the largest adult individuals
[1-4]. This species inhabited the wanmm and temperate waters of all major
ocenn besing, spanning a mnge of almost 20 Myr, from the eady Miocene to
the Fliocene [5-7]. Maost of the gudies assessing the causes of the eosmopolitan
digtribution, the evalution of igantism, and the extinction of otodortid sharks
have focused on the impact of cimatie fadors and/or the abundance and
migration pattems of their potential prey [18-111 competition with other
macropredatory taxa [7,121, the availlability of suitable habitats [13] and the
preserce of regional endothermy [6,14-16]. However, much less atterdion has
been paid to important sspects of their reprodudive biology [17)

MNursery areas are crucial for several marine groups, as they improve the
probability of survival of juvenies and allow a greater persistence and recruit-
ment to the adult populations [18,19. Shark mumeres are usually loeated in
geographically discrete zones with high primary productivity, being defined
by a compamtively kigh abundance of juveniles that tend 1o remain or rtum
for extended perods of time [20,21] The use of these amas has been

© 1000 The Authusels) Published by the Boyal Sacey. Al sights msarved




Testing the Method




Results: How big was Megalodon?

Jaw Position Tooth Position TL Range (ft) TL Mean (ft)
Anterior Al1-A3; al-a3 40.3-52.3
Lateral L1-L5; 11-I5 44.2 — 108.2
Posterior L6-L9; I6-I8 87.1-147.6

Anterior Lateral Posterior
(Front) (Side) (Back)
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Gordon Hubbell collection C. megalodon associated (95) Jim Bourdon © 2004




3-D FOSSILS FOR K-12 EDUCATION: A CASE EXAMPLE USING THE GIANT
EXTINCT SHARK CARCHAROCLES MEGALODON

Claudia A. Grant™
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New Method

Summed Crown Width (extant) Summed Crown Width (fossil)
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Total Body Length (m)

Total Body Length (m)
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New Method

Linear Function

y =0.0159(x) - 0.0448
R?=0.9326
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Upper Summed Crown Width (mm)
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Megalodon vs. Great White

Upper Left Upper Right

AR BB

"'v W@ﬁ c oL ) Carcharodon carcharias

Upper Jaw = 24 teeth
Lower Jaw = 24 teeth
Intermediate tooth present
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Lower Left Lower Right

Al A2 A3

Otodus megalodon

Upper Jaw = 24 teeth
Lower Jaw = 22 teeth
Intermediate tooth absent
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Otodus megalodon
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Carcharodon spp.
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Accounting for Missing Teeth
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Otodus megalodon

Range

: 151-203m

: 17.6-26.2m

: 15.2-203m

: 16.2—-249m

: 10.8-14.7m

: 12.6-18.8m

9.4-129m

: 11.2-16.8m
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Otodus chubutensis

9.4-129m

11.0-16.3 m

95-13.1m

10.3-16.7m

52-70m

6.3—-10.3 m
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Carcharodon carcharias
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Carcharodon hastalis

3.5-4.8m

3.9-6.0m

46-6.2m

45-78m

40m

4.8 m

5.3 m

6.2 m



Range WEEI
U: 41-58m 49 m

L: 45-6.8m 5.6m

Vertebral estimates ranged
from 4.7 to 5.2 m, with an
average estimate of 4.9 m.

REAT WHITE SHARK
Carcharodon car
iis 5 million year o
wvas collected in Saca
ebruary, 1988, The total
the eimen s ¢ ate
about 6 meters. This Is ¢
complete fossilized skull of
b

Carcharodon hubbelli



Summed Crown Width vs. Crown Height
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USNM 411881

UF-VP-226255

SCW

Highlights

** SCW offers more constraint than CH

** Lower teeth result in overestimates
and greater uncertainty

*¢ There is greater uncertainty with larger
individuals




Extrapolating the Method
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Body Length Calculation
» Tooth Position: L1

» Portion of SCW: 10.5%

» Crown Width = 133 mm

133 mm
(1-0.895)

» SCWc = =1266.7 mm

(1266.7 mm) x (17.3 m)
1093.7 mm

=20.0m
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— Palaeontologia Electronica
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Body length estimation of

Neogene macrophagous lamniform sharks .
(Carcharodon and Otodus) derived from ‘d ‘ A A A A A

associated fossil dentitions

Victor J. Perez, Ronny M. Leder, and Teddy Badaut Lower Left Lower Right

ABSTRACT Anterior

The megatooth shark, Ctodus megalodon, is widely accepted as the largest mac-
rophagous shark that ever lived; and yet, despite over a century of research, its size is
still debated. The great white shark, Carcharodon carchanas, is regarded as the best
living ecological analog to the extinct megatooth shark and has been the basis for all
body length estimates to date. The most widely accepted and applied methoed for esti-
mating body size of 0. megalodon was based upon a linear relationship between tooth
crown height and total body length in C. carchanas. However, when applying this
method to an associated dentition of O. megalodon (UF-VP-311000), the estimates for
thiz single individual ranged from 114 to 41.1 m. These widely variable estimates
showed a distinct pattern, in which anterior teeth resulted in lower estimates than pos-
terior teeth. Consequently, previous palececological analyses based on body size esti-
mates of 0. megalodon may be subject to misinterpretation. Herein, we describe a
novel method based on the summed crown width of associated fossil dentitions, which
mitigates the variability associated with different tooth positions. The method assumes
direct proportionality between the ratio of sumimed crown width to body length in eco-
logically and taxonomically related fossil and modem species. Total body lengths were
estimated from 11 individuals, representing five lamniform species: Ofodus megal-
odon, Otodus chubutensis, Carcharodon carcharias, Carcharodon hubbelli, and
Carcharodon hastalts. The method was extrapolated for the largest known isolated
upper tooth of 0. megaledon, resulting in a maximum body length estimate of 20 m.
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Summary

. Megalodon evolved from Otodus obliquus and is not directly related
to the modern Great White Shark.

Megalodon fed on large fleshy prey, such as marine mammals and
large fish.

Megalodon likely reached a maximum body size of 65 ft (=20 m).
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»What?
New exhibit on
Maryland sharks

>Where?
Calvert Marine Museum
Solomons, MD

»When?
July 2021 — December 2022




