STERNES ET AL: MEGALODON BODY FORM

APPENDIX 1.
Phylogenetic relationships between tOtodontidae and Lamnidae proposed by Greenfield (2022a, 2022b).

Greenfield (2022a, 2022b) made new propositions regarding the close phylogenetic affinity between
tOtodontidae and Lamnidae and presented a body restoration of another otodontid taxon. Although they
are not central to the scope of this present paper, Greenfield’s (2022a, 2022b) propositions are relevant to
the context of either Cooper et al.’s (2022) phylogenetic assertion in relation to 1O. megalodon or consider-
ing the body form of 1O. megalodon and otodontids in general. Therefore, we briefly comment on Green-
field’s (2022a, 2022b) propositions here.

Phylogenetic Position of 1O. megalodon

Cooper et al. (2022) noted that “there are uncertainties regarding the interrelationships between
extinct and extant Lamniformes, and therefore, 1O. megalodon could be as closely related to C. carcharias
as to any other lamniform” (p. 9). Subsequently, Greenfield (2022a, 2022b) contended that tOtodontidae is
a sister to the family Lamnidae and even erected a new superfamily Lamnoidea that represents a clade
consisting of TOtodontidae and Lamnidae. Greenfield (2022a, 2022b) argued that the following two charac-
ters phylogenetically unite TOtodontidae and Lamnidae: 1) robust, calcified rostral cartilages with circular
transverse cross-section and without fenestrae and appendices; and 2) regional endothermy. It is important
to point out that the taxonomic identity of the isolated fossil rostral cartilages used for Greenfield’s (2022a,
2022b) basis remains inferential and requires testing by the discovery of rostral specimens associated with
taxonomically diagnostic teeth from the same individual shark. We also note that rostral hypercalcification is
not confined to Lamnidae (more specifically Lamna: Figure 3) within Lamniformes but also occurs in the
extant bigeye thresher (Alopias superciliosus: Figure A1) and possibly at least in one member of the Creta-
ceous taxon, tAnacoracidae (Shimada, 2013). In addition, the assertion that regional endothermy can be
used as a synapomorphy to unite TOtodontidae and Lamnidae within Lamniformes is now questionable
based on the recent papers suggesting that regional endothermy may be present broadly within Lamni-
formes (Dolton et al., 2023a, 2023b, and references therein; but see also Giriffiths et al., 2023). Greenfield
(2022b) noted whether tOtodontidae lies outside of the ‘Cetorhinidae+Lamnidae’ clade has never been
tested. However, it should be pointed out that there has been no test conducted on or supporting the
‘tOtodontidae+Lamnidae’ clade either, unlike the existing strong support of the sister relationship between
Cetorhinidae and Lamnidae both morphologically and molecularly (Stone and Shimada, 2019; Vella and
Vella, 2020; Kousteni et al., 2021; Silva et al., 2023). Even if Cetorhinidae and Lamnidae are not sisters
hypothetically (vs. Figure 1A), it will not automatically place TOtodontidae as a sister to Lamnidae simply
because there is so far not even one decisive synapomorphy that supports Greenfield’s (2022a, 2022b)
‘Lamnoidea hypothesis.” We stress that the practice of erecting higher taxonomic categories should be con-
ducted carefully, especially for a phylogenetically complex group like Lamniformes (Stone and Shimada,
2019; Shimada, 2022).

Another Problematic Otodontid Body Restoration
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Greenfield (2022b) presented a body restoration of another otodontid, T+ Cretalamna sp., based on previ-
ously published photographs of multiple partial or nearly complete skeletal specimens from the Upper Cre-
taceous (Cenomanian Stage) of Lebanon (Pfeil, 2021). Greenfield (2022b) used his restoration to further
support his ‘Lamnoidea hypothesis’ on the basis of its putative body form that is vaguely reminiscent of
extant lamnids, particularly Lamna. Such a restoration of another otodontid may appear significantly rele-
vant to the context of restoring the body form of +O. megalodon. However, Greenfield's (2022b) tCreta-
lamna body restoration must be viewed with skepticism. This is because, while the degree of taphonomic
distortion or flattening of the body through the fossilization of the specimens was not assessed, the authen-
ticity of the specimens or anatomical parts of the specimens can only be speculated from the photographs.
More critically, the tCretalamna skeletons (Pfeil, 2021) are ‘unnumbered’ specimens with uncertain catalog
status. Effectively, this condition does not allow the reproducibility of Greenfield’s (2022b) propositions, and
thus, they cannot be viewed as scientifically valid.
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FIGURE A1. Photographic () and CT (™) images of cranial region of 187-cm-TL male extant bigeye
thresher (Alopias superciliosus: UF 160188) caught off Florida, USA, demonstrating hypercalcified rostral
cartilage in the species. Top, ventral view"; middle, ventral view™"; bottom, left lateral view ™. Note that the
same hypercalcification is also present in another specimen of A. superciliosus (UF 178509: 201-cm-TL

male caught off Florida). Scale bar = 10 cm.
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APPENDIX 2.

Measurements of the Carcharodon carcharias specimen LACM 43805-1.

Vertebra @ #1 (mm) @ #2 (mm) @ #3 (mm) ® mean (mm)
#1 12.73 12.45 12.67 12.62
#2 13.41 13.08 13.15 13.21
#3 13.81 13.44 13.51 13.59
#4 13.77 13.45 13.56 13.59
#5 14.54 13.88 14.39 14.27
#6 14.73 13.58 14.52 14.27
#7 14.65 14.05 14.06 14.25
#8 14.90 14.15 14.02 14.36
#9 14.56 14.67 14.48 14.57
#10 15.17 15.15 15.22 15.18
#11 15.41 15.24 15.53 15.39
#12 16.23 15.34 15.75 15.77
#13 15.65 15.04 15.86 15.52
#14 16.42 16.21 16.22 16.28
#15 16.52 15.92 16.1 16.18
#16 15.99 16.1 16.2 16.10
#17 16.09 16.19 15.92 16.07
#18 16.26 16.79 16.04 16.36
#19 16.38 16.66 16.20 16.41
#20 16.27 16.42 16.13 16.27
#21 16.23 16.36 16.12 16.24
#22 16.38 16.38 16.30 16.35
#23 16.48 16.43 16.71 16.54
#24 16.65 16.38 16.5 16.51
#25 16.91 16.19 16.99 16.70
#26 16.77 16.38 16.17 16.44
#27 16.71 16.02 16.4 16.38
#28 16.83 16.38 16.1 16.44
#29 17.24 17.09 16.54 16.96
#30 17.17 16.9 17.02 17.03
#31 17.08 17.18 17.27 17.18
#32 17.24 17.63 17.43 17.43
#33 17.36 16.78 17.52 17.22
#34 17.9 17.22 17.73 17.62
#35 17.92 17.82 17.71 17.82
#36 18.16 17.89 17.82 17.95
#37 17.95 17.37 17.73 17.68
#38 18.33 17.75 17.83 17.97
#39 18.44 18.17 17.92 18.18
#40 18.38 17.91 17.85 18.05
#41 18.79 18.08 18.13 18.33
#42 18.29 17.97 18.22 18.16
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Vertebra @ #1 (mm) @ #2 (mm) @ #3 (mm) ® mean (mm)
#43 18.07 17.79 18.09 17.98
#44 18.38 18.03 18.17 18.19
#45 18.73 18.10 18.2 18.34
#46 18.46 18.25 18.44 18.38
#47 18.86 18.13 18.29 18.43
#48 18.97 18.69 19.09 18.92
#49 19.31 18.93 18.52 18.92
#50 19.19 18.97 18.71 18.96
#51 18.73 18.41 18.71 18.62
#52 19.03 18.51 18.32 18.62
#53 18.98 18.63 18.57 18.73
#54 19.46 18.71 19.05 19.07
#55 19.53 19.08 19.33 19.31
#56 19.6 19.43 19.23 19.42
#57 19.53 18.43 19.38 19.11
#58 19.31 19.14 19.06 19.17
#59 19.24 19.65 19.75 19.55
#60 19.19 19.61 19.56 19.45
#61 19.47 19.94 19.85 19.75
#62 18.79 18.91 20.05 19.25
#63 19.2 19.54 19.61 19.45
#64 18.57 19.18 19.31 19.02
#65 17.9 18.45 18.73 18.36
#66 17.94 18.14 18.3 18.13
#67 18.87 17.83 18.28 18.33
#68 18.48 18.55 18.18 18.40
#69 18.93 18.55 18.44 18.64
#70 18.59 18.1 18.04 18.24
#71 18.51 18.44 18.41 18.45
#72 18.93 18.67 18.28 18.63
#73 18.96 18.65 18.53 18.71
#74 18.36 18.26 18.44 18.35
#75 19.28 17.65 18.12 18.35
#76 17.77 18.79 18.82 18.46
#T7 17.18 17.46 18.36 17.67
#78 18.21 18.12 18.22 18.18
#79 17.09 17.29 17.67 17.35
#80 17.15 17.18 17.38 17.24
#81 16.39 16.88 16.84 16.70
#82 16.08 16.66 16.58 16.44
#83 15.99 16.47 16.4 16.29
#84 16.1 16.38 16.44 16.31
#85 15.67 16.23 16.02 15.97
#86 15.45 15.66 16.21 15.77
#387 15.2 15.48 15.81 15.50

18



PALAEO-ELECTRONICA.ORG

Vertebra @ #1 (mm) @ #2 (mm) @ #3 (mm) ® mean (mm)
#88 15.16 15.28 15.2 15.21
#89 14.87 15.04 15.45 15.12
#90 15.38 15.37 15.53 15.43
#91 14.39 15.32 15.61 15.11
#92 14.62 15.54 15.05 15.07
#93 14.28 14.87 14.69 14.61
#94 13.71 14.15 14.3 14.05
#95 13.63 13.77 13.56 13.65
#96 13.79 13.77 14.06 13.87
#97 13.98 13.63 13.77 13.79
#98 13.79 13.6 13.66 13.68
#99 13.45 13.55 13.46 13.49
#100 13.36 13.51 13.53 13.47
#101 13.1 13.11 13.02 13.08
#102 12.81 12.33 12.97 12.70
#103 12.49 1212 12.81 12.47
#104 12.52 12.02 12.31 12.28
#105 12.23 11.82 12.05 12.03
#106 12.36 11.82 12.12 12.10
#107 12.24 11.82 11.71 11.92
#108 11.97 1212 12.14 12.08
#109 12.21 11.44 11.75 11.80
#110 11.77 11.18 11.71 11.55
#111 11.78 11.18 11.41 11.46
#112 11.47 10.94 11.38 11.26
#113 10.93 10.62 10.88 10.81
#114 10.33 10.41 10.45 10.40
#115 10.36 9.98 10.45 10.26
#116 10.11 10.05 10.16 10.11
#117 9.79 10.09 9.87 9.92
#118 9.55 9.91 9.32 9.59
#119 9.46 9.74 8.66 9.29

#120 8.99 9.26 8.99 9.08
#121 8.84 9.66 8.83 9.1
#122 8.5 8.78 8.05 8.44
#123 8.93 9.06 9.08 9.02
#124 8.51 8.91 8.80 8.74
#125 8.49 9.39 9.61 9.16
#126 7.88 8.61 8.54 8.34
#127 7.93 8.83 8.43 8.40
#128 7.34 7.96 8.18 7.83
#129 7.73 7.97 7.78 7.83
#130 7.2 7.85 7.16 7.40
#131 7.08 7.19 6.92 7.06
#132 7.2 7.73 6.87 7.27
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Vertebra @ #1 (mm) @ #2 (mm) @ #3 (mm) ® mean (mm)
#133 6.8 711 6.82 6.91
#134 6.41 7.03 6.58 6.67
#135 6.4 6.37 6.07 6.28
#136 6.49 7.1 6.44 6.68
#137 6.58 7.02 6.14 6.58
#138 6.4 6.35 5.81 6.19
#139 6.08 6.07 5.82 5.99
#140 5.78 5.96 5.82 5.85
#141 5.62 5.87 5.32 5.60
#142 5.76 5.63 5.26 5.55
#143 5.78 5.76 5.38 5.64
#144 5 5.32 4.97 5.10
#145 5.18 5.34 4.68 5.07
#146 4.86 5.05 4.69 4.87
#147 472 4.87 4.58 472
#148 4.42 5.03 4.52 4.66
#149 4.23 5.16 4.34 4.58
#150 4.23 4.65 4.12 4.33
#151 4.37 412 3.85 4.11
#152 3.64 3.84 3.79 3.76
#153 3.84 4.35 4.27 4.15
#154 3.72 4.34 4 4.02
#155 3.2 3.97 3.54 3.57
#156 2.83 3.41 3.26 3.17
#157 2.86 3.49 3.22 3.19
#158 244 3.26 3.07 2.92
#159 2.56 2.94 2.99 2.83
#160 2.21 2.82 2.99 2.67
#161 2.21 2.21 2.61 2.34
#162 2.56 2.81 2.84 2.74
#163 2 2.33 217 217
#164 1.74 2.05 1.86 1.88
#165 1.89 1.92 1.95 1.92
#166 ? ? ? ?
#167 ? ? ? ?
#168 ? ? ? ?
#169 ? ? ? ?
#170 ? ? ? ?
#171 ? ? ? ?
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