Appendix 1. Stratigraphic justifications for Otodus megalodon occurrences used in the OLE analysis.

Locality: San Juan Capistrano, California (USA)
Formation: Capistrano Formation, informal siltstone member
Paleobiology Database #: 152545
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 11.6-3.6 Ma
Corrected Age: 5.6-3.7 Ma
Comments: An Otodus megalodon tooth (LACM 129982) mentioned in the Paleobiology Database entry for this locality was labeled as Blancan NALMA and assigned a late Miocene-early Pliocene age by Pimiento and Clements (2014). Diatoms from the horizon of SDNHM 53167 better constrain this age to 5.6-3.7 Ma (see main text).

Locality: Santa Cruz, California (USA)
Formation: Purisima Formation
Paleobiology Database #: 162439
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): N/A
Corrected Age: 6.9-5.3 Ma
Comments: This specimen was originally reported by Boessenecker (2016) and is summarized as 6.9-5.3 Ma (see main text).

Locality: La Joya, Mexico
Formation: San Diego Formation
Paleobiology Database #: 154115
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): 3.6-2.6 Ma
Corrected Age: 4.2-3.6 Ma
Comments: SDNHM 29742 was collected from the base of the San Diego Formation. According to Vendrasco et al. (2012) the base of the San Diego Formation is as old as 4.2 Ma; typically reported as upper Pliocene. This stratum is lower in the San Diego Formation than a horizon that yielded Blancan NALMA correlative terrestrial mammals and magnetostratigraphic correlations indicating a minimum age of 3.6 Ma (Wagner et al., 2001). We therefore assign an age of 4.2-3.6 Ma to this occurrence.

Locality: Lawrence Canyon local fauna, California (USA)
Formation: San Mateo Formation, upper member
Paleobiology Database #: 50068
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 10.3-4.9 Ma
Corrected Age: 5.33-4.6 Ma
Comments: Teeth of Otodus megalodon have been reported from both the San Luis Rey River local fauna (San Mateo Formation, lower unit) and the upper unit (Lawrence Canyon local fauna; Barnes et al., 1981; Domning and Deméré, 1984. Dates provided by Pimiento and Clements (2014) reflect the entire sequence at Oceanside, California, as interpreted by Domning and Deméré (1984), and do not match the Paleobiology Database entry. More precise dating is available for the upper unit of the San Mateo Formation which contains the Lawrence Canyon local fauna (see main text), summarized as 5.33-4.6 Ma.

Locality: Bolinas, California (USA)
Formation: Santa Cruz Mudstone
Paleobiology Database #: 152485
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): 5.3-2.6 Ma
Corrected Age: 7.6-6.5 Ma
Comments: This record was originally reported as being derived from the Purisima Formation by Jordan and Hannibal (1923). The area was subsequently mapped by Galloway (1977) and Clark et al. (1984), the latter of which mapped most of the marine vertebrate-bearing exposures near Bolinas as the Santa Cruz Mudstone. We regard this as being the likely source of the “Carcharodon branneri” holotype specimen, and assign an age of 7.6-6.5 Ma based upon diatom biostratigraphy (see main text). Pimiento and Clements (2014) considered this an unreliable occurrence.

Locality: Garnet Canyon, California (USA)
Formation: Imperial Formation
Paleobiology Database #: 96541
Stratigraphic justification presented in PBDB entry: no (based on unpublished data)
Numerical Age reported by Pimiento and Clements (2014): N/A
Corrected Age: 6.43-4.187 Ma
Comments: This record from the Coyote Mountains of California was originally reported by Hanna (1926) as Carcharodon arnoldi, a junior synonym of Otodus megalodon. Magnetostratigraphic work on the nearby Fish Creek-Vallecito section of the Imperial Formation indicates an age of 6.43-4.187 Ma (Dorsey et al., 2011; see main text).

Locality: Elsmere Canyon, California (USA)
Formation: Towsley Formation
Paleobiology Database #: 97234
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.3-3.6 Ma
Corrected Age: 10-5.3 Ma
Comments: Dates interpreted here from the stratigraphic literature and those reported by Pimiento and Clements (2014) do not overlap. Median Strontium dates from the base of the overlying Pico Formation range from 5.2-5.4 Ma (Beyer et al., 2009). A maximum age is provided by benthic foraminifera of the Delmontian stage (7.7.-5.2 Ma; Beyer et al., 2009), and Tortonian marine mammals (Dusisiren jordani, Imagotaria downsi) found in other deposits in California dated to 9-10 Ma indicate an age as old as 10 Ma (Whitmore and Barnes, 2008). Using the average of the two strontium dates for the Pico Formation, we assign an age range of 10-5.3 Ma (see Marx and Fordyce, 2015).

Locality: Kingsford Mine, Florida (USA)
Formation: Bone Valley Formation
Paleobiology Database #: 18548
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): 10.3-4.9
Corrected Age: 10.3-4.9
Comments: Age determination by Pimiento and Clements (2014) is based upon correlation with the Hemphillian NALMA. Marine mammals collected from this mine were collected in association with Hemphillian land mammals from a stratigraphically higher source than the better-studied middle Miocene Bradley local fauna (Morgan, 1994). We agree with the age assessment of Pimiento and Clements (2014).

Locality: Payne Creek Mine, Florida (USA)
Formation: Bone Valley Formation
Paleobiology Database #: 18577
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.3-3.6 Ma
Corrected Age: 10.3-4.9 Ma
Comments: The PBDB entry for this locality (10.3-4.9 Ma) does not match that reported by Pimiento and Clements (2014). Morgan (1994) correlates the unit with the latest Hemphillian (Hh4) which would indicate an age of 5.8-4.9 Ma; we conservatively use a Hemphillian correlation as for Kingsford Mine (see above).

Locality: Four Corners Mine (Palmetto fauna), Florida (USA)
Formation: Bone Valley Formation
Paleobiology Database #:  45478
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): 5.3-3.6 Ma
Corrected Age: 5.8-4.9 Ma
Comments: The Palmetto fauna contains latest Hemphillian-correlative land mammals (Hh4; Morgan, 1994) and thus an age of 5.8-4.9 Ma is assignable (see Boessenecker et al., In Press).

Locality: East Coast Aggregates, Florida (USA)
Formation: Tamiami Formation
Paleobiology Database #: 152381
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): 5.3-3.6 Ma
Corrected Age: 4.2-3.9
Comments: Williams et al. (2009) assigned an age of 4.2-3.9 Ma to the Tamiami Formation (see Boessenecker et al., in press). If from the very base of the Tamiami Formation, this occurrence could have an older maximum date (5.33 Ma). 

Locality: Lee Creek Mine, North Carolina (USA)
Formation: Yorktown Formation
Paleobiology Database #: 52582
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.3-3.6 Ma
Corrected Age: 4.9-3.92
Comments: A variety of dates are available for the basal Yorktown Formation (Sunken Meadow Member) including land mammal correlations (Tedford et al., 2004), strontium isotope ratios (Browning et al., 2009), radiometric dates from glauconite (Hazel, 1983), ostracods (Hazel, 1971), foraminifera and calcareous nannoplankton (Hazel, 1971; Dowsett and Wiggs, 1992). A maximum age is provided by 87Sr/86Sr and a minimum age is provided by calcareous nannoplankton, indicating an age of 4.9-3.92 Ma (see Boessenecker et al., in press, and Marx and Fordyce, 2015). Despite a plethora of published age determinations, Pimiento and Clements (2014) assigned an early Pliocene age without explanation.

Locality: Corkscrew Hill, Baja California Sur, Mexico
Formation: Tirabuzón Formation
Paleobiology Database #: 154117
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.3-2.6 Ma
Corrected Age: 6.72-3.6 Ma
Comments: Dating is limited for the Tirabuzón Formation but the marine mammal fauna is consistent with an early Pliocene age and Barnes (1998) estimated the age to be 3-4 Ma. A tuff bed near the top of the underlying Boleo Formation has been dated at 6.76 Ma (Holt et al., 2000), providing a maximum age. Mollusks indicative of the early Pliocene have been reported from the overlying Infierno Formation, indicating the age of the Tirabuzón Formation is no younger than early Miocene. is Accordingly, we assign an age of 6.76-3.6 Ma to this occurrence (see main text).


Locality: Kambul, Yucatán, Mexico
Formation: Carrillo Puerto Formation
Paleobiology Database #: 58451
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): Not included by Pimiento and Clements (2014), but included by Pimiento et al. (2015) as 10.3-4.6 Ma
Corrected Age: 10.3-4.6 Ma
Comments: Specimens of Otodus megalodon were reported by Domning (1989) who summarized the age as being correlative with the Hemphillian NALMA owing to land mammals from the same locality. Accordingly, Pimiento et al. (2015) assigned an age of 10.3-4.6 Ma, which we follow here.

Locality: Casa El Jebe, Falcón, Venezuela
Formation: Chiguaje Member, Codore Formation 
Paleobiology Database #: 115791 (data from Carrillo-Briceno et al., 2015, not entered).
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): N/A
Corrected Age: 5.33-3.6 Ma
Comments: Teeth of Otodus megalodon were reported from the Chiguaje Member of the Codore Formation by Carrillo-Briceno et al. (2015). The underlying El Jebe member of the Codore Formation spans the Miocene-Pliocene boundary, with a maximum age of 6 Ma (Smith et al., 2010). The minimum age of the formation was provided by planktonic foraminifera (Globorotalia margaritae and Globorotalia sp., cf. G. miocenica, which Smith et al. (2010) used to assign a minimum age of “middle Pliocene”. Aguirre-Fernandez et al. (2017) assigned an age range of 6-3 Ma for the formation as a whole. According to Wade et al. (2011), Globorotalia margarita has a FAD of 6.1 Ma and LAD of 3.9 Ma and Globorotalia miocenica has a FAD of 3.8 Ma and LAD of 2.4 Ma. Given the range of dates provided by these foraminifera, the tentative identification of a late Pliocene foraminifer, and the ‘middle Pliocene’ conclusion by Smith et al. (2010), we pick the Zanclean-Piacenzian boundary as the minimum age for this occurrence. The base of the Chiguaje member was interpreted as no older than Zanclean by Smith et al. (2010). We assign an age of 5.33-3.6 Ma for the Chiguaje Member of the Codore Formation.

Locality: El Yacural
Formation: Paraguana Formation
Paleobiology Database #: 107489
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.33-3.6 Ma
Corrected Age: 5.33-3.6 Ma
Comments: Teeth of Otodus megalodon were reported from the El Hato Member of the Paraguana Formation by Aguilera et al. (2008). The age was reported without explanation as early Pliocene. An age of 5.33-3.6 Ma was assigned by Pimiento and Clements (2014) to this occurrence, which we follow here.

Locality: Punta la Colorada, Punta la Gorda
Formation: Onzole Formation
Paleobiology Database #: 151704, 151705
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.33-2.6 Ma
Corrected Age: 5.33-3.4 Ma
Comments: Teeth of Otodus megalodon were originally reported from this unit by Longbottom (1979), who considered the Onzole Formation to be upper Miocene. The entry in the PBDB for these occurrences indicates a Pliocene age according to Aalto and Miller (1999), the apparent reasoning for the dates reported by Pimiento and Clements (2014). However, a Pliocene age is based on foraminifera reported by Whittaker (1988), who specifically identified foraminifera indicating zones N19-20, which correspond to an age of 5.3-3.4 Ma; therefore, we assign a more restricted age of 5.33-3.4 Ma to these two occurrences.

Locality: Punta Mansueto, Panama
Formation: Chagres Formation 
Paleobiology Database #: 168112
Stratigraphic justification presented in PBDB entry: no (cites unpublished work)
Numerical Age reported by Pimiento and Clements (2014): N/A
Corrected Age: 8.29-5.12 Ma 
Comments: Teeth of Otodus megalodon were reported from the Chagres Formation by Carrillo-Briceno et al. (2015). According to these authors (and references cited therein), the Chagres Formation is Messinian in age; however, in figure 1, the Chagres Formation is shown as corresponding to nannoplankton zones NN11 and NN12, indicating an age of 8.29-5.12 Ma.

Locality: Sunlands Pumping Station, South Australia, Australia
Formation: Loxton Sand
Paleobiology Database #: 50343
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): 4.3-3.4 Ma
Corrected Age: 7.2-3.4 Ma
Comments: Shark teeth including Otodus megalodon were reported by Pledge (1985) who cited earlier work indicating correlation with the Kalimnan Stage (4.3-3.4 Ma). Later work by Miranda et al. (2009) indicates that deposition of the Loxton Sand initiated at 7.2 Ma and ceased by 3.4 Ma based upon strontium isotopes, and further stated that it is “likely that the youngest Loxton-Parilla Sands strandlines are older than approximately 5.0 Ma”. We conservatively assign an age of 7.2-3.4 Ma based upon the Kalimnan Stage correlation and Strontium ratios reported by Miranda et al. (2009).

Locality: Dutton Way, Victoria, Australia
Formation: Whaler’s Bluff Formation
Paleobiology Database #: 51328
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.3-3.6
Corrected Age: 5.33-3.6
Comments: Teeth of Otodus megalodon were reported from this locality by Fitzgerald (2004, 2005). Deposition progressed through planktonic foraminiferal zones N19-21, though most of the unit corresponds to zones N19-20 (Fitzgerald, 2005, and references therein). Fitzgerald (2005) cites an age of 4.8-2.5 Ma. Stratigraphic position of specimens within the unit is unknown (Fitzgerald, 2005). Owing to uncertainties regarding the minimum age of the unit, we follow Pimiento and Clements (2014) in assigning an age of 5.3-3.6 Ma (early Pliocene), though a slightly younger maximum age may be defensible (Fitzgerald, 2005).

Locality: Beaumaris, Victoria, Australia
Formation: Black Rock Sand
Paleobiology Database #: 154112
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.0-3.4 Ma
Corrected Age: 6.0-4.9 Ma
Comments: Teeth of O. megalodon were reported from the Black Rock Sand at Beaumaris by Fitzgerald (2004), who indicated a late Miocene-early Pliocene age (Cheltenhamian to Kalimnan stages). Based on the PBDB entry Pimiento and Clements (2014) used these stage boundaries for their age determination. However, more accurate Strontium isotope dates were available in the published literature (Dickinson et al., 2009) and cited in other publications by Fitzgerald (2012) and Fitzgerald et al. (2012). Strontium isotope dates indicate an age of 6.0-4.9 Ma (Dickinson et al., 2009), which we adopt here (see Fitzgerald and Kool, 2014). 

Locality: Fossil Rock Stack, Victoria, Australia
Formation: Grange Burn Formation
Paleobiology Database #: 51335
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.0-4.0 Ma
Corrected Age: 5.0-4.35 Ma
Comments: Teeth of O. megalodon were reported by Kemp (1991) and Fitzgerald (2004) from the Grange Burn Formation. Strontium isotope dates reported by Dickinson et al. (2002) indicate an age of 5.0-4.0 Ma, but the minimum date is further constrained by a K/Ar date of 4.35 Ma from overlying basalt (Turnbull et al., 1965). We therefore assign an age of 5.0-4.35 Ma, but cautiously note that it is unclear whether this K/Ar date has been recalculated using updated constants.

Locality: Pipiriki, Manawatu-Wanganui, New Zealand
Formation: Matemateaonga Sandstone
Paleobiology Database #: 152190
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): 4.8-3.6 Ma
Corrected Age: 5.5-4.7 Ma
Comments: A tooth of Otodus megalodon was described by Keyes (1972; New Zealand Fossil Record Database number R21/f7495), although the provenience is poor: the specimen was purchased by the Wanganui Museum from a private collector in 1895 and the only locality information associated with the specimen noted it was collected from the town of Pipiriki. According to Ker (in Keyes, 1972), the matrix associated with the tooth resembles the Matemateaonga Sandstone. Pimiento and Clements (2014) presumably assigned an age of 4.8-3.6 Ma based upon the statement by Keyes (1972) that the unit corresponds to the Opoitian stage. More precise dating is available, however, and Vonk and Kamp (2004) indicated an age range of 5.5-4.7 Ma for the Matemateaonga Sandstone, and although they did not explain their reasoning, we assign these dates to this occurrence.

Locality: Patutahi Quarry, Gisborne, New Zealand
Formation: Tokomaru Formation
Paleobiology Database #: 155341
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): N/A
Corrected Age: 7.2-3.7 Ma
Comments: A tooth of Otodus megalodon was described by Keyes (1972; New Zealand Fossil Record Database number N97/f0479) from Patutahi Quarry. Keyes (1972) did not indicate a stratum, only stating that the strata there were mapped as Opoitian-Mangapanian. Patutahi Quarry is located approximately 6 km west-southwest of Patutahi, NZ, and located at 38°38'14.15"S, 177°49'24.73"E. This quarry was mapped as the Opoitian-correlative Tokomaru Formation by Mazengarb and Speden (2000). The Opoitian stage ranges from 7.2-3.7 Ma, and we assign these dates to this occurrence.

Locality: Bonares – Casa del Pino, Huelva, Spain
Formation: Arenas de Huelva Formation
Paleobiology Database #: 151888
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.33-3.6 Ma
Corrected Age: 5.33-3.6 Ma
Comments: Teeth of Otodus megalodon were reported by Garcia et al. (2009) from the Huelvas Sands. According to González-Delgado et al. (2004), the formation is early Pliocene in age. Because no further refined dates are available, we follow Pimiento and Clements (2014) in assigning an age of 5.33-3.6 Ma.

Locality: Can Picafort, Mallorca, Spain
Formation: Son Mir Sequence
Paleobiology Database #: 152233
Stratigraphic justification presented in PBDB entry: no (based on unpublished work)
Numerical Age reported by Pimiento and Clements (2014): 5.3-2.6 Ma
Corrected Age: 5.33-3.6 Ma
Comments: Teeth of Otodus megalodon were reported by Bauza Rullan (1948) from the Son Mir Sequence of Mallorca. Quoted text from the unpublished thesis of Marsili (2006) on the PBDB entry suggests a Pliocene age, yet Marsili (2006) continued to assign an early Pliocene age to these teeth based on their probable derivation from the Son Mir sequence, which is early Pliocene (Pomar et al., 1996). We follow Marsili (2006) in assigning an early Pliocene age to this occurrence (5.33-3.6 Ma).

Locality: Cré outcrop, Azores, Portugal
Formation: Touril Complex
Paleobiology Database #: 154113
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.3-3.6 Ma
Corrected Age: 5.33-3.6 Ma
Comments: Teeth of Otodus megalodon were reported from the “Cré outcrop” by Avila et al. (2012). Based upon molluscan and foraminiferal biostratigraphy, the Touril Complex at Cré is firmly early Pliocene in age (Janssen et al., 2008); Pimiento and Clements (2014) therefore assigned an age of 5.3-3.6 Ma which we follow here.

Locality: Continental shelf, Portugal
Formation:  unknown unit
Paleobiology Database #: 
Stratigraphic justification presented in PBDB entry: 
Numerical Age reported by Pimiento and Clements (2014): N/A
Corrected Age: 6.1-4.4 Ma
Comments: Teeth of Otodus megalodon were collected from the seafloor by fishing activities (Antunes et al., 2015). The teeth themselves have not been dated, but a number of cetacean specimens from the same deposit have been collected as well (Antunes et al., 2015). Sediment associated with these cetacean specimens have yielded a foraminiferal assemblage indicating an age of 6.1-4.4 Ma, which we assign to this occurrence.

Locality: Santa Margarida, Vale de Zebro, Portugal
Formation:  Esbarronodadoiro Formation
Paleobiology Database #: N/A
Stratigraphic justification presented in PBDB entry: N/A
Numerical Age reported by Pimiento and Clements (2014): N/A
Corrected Age: 8.58-4.37
Comments: Teeth of Otodus megalodon were reported from these two localities by Antunes and Balbino (2003). According to Estevens (2000) this stratum corresponds to foraminiferal zones MN13-14 and N17-PL1; the latter indicate an age of 8.58-4.37 Ma.

Locality: Castell’Arquato, Miano, Colli Piacentini, Maiatico, Tra Lorenzana e Lari, Pienza, Siena, Colline Pisane
Formation: several
Paleobiology Database #: 152237, 152241, 152242, 152243, 152244, 152246, 152247, 152249
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.33-2.6 Ma (Tra Lorenzana e Lari); 5.33-2.6 Ma (all others).
Corrected Age: 5.33-4.0 Ma
Comments: Most Pliocene Italian occurrences of Otodus megalodon in the Pimiento and Clements (2014) dataset were synthesized in the unpublished Ph.D. thesis of Marsili (2006), who reported some new occurrences and reviewed earlier reports. The record from Tra Lorenzana e Lari is early Pliocene according to Marsili (2006) and followed by Pimiento and Clements (2014). However, other localities which Marsili (2006) indicated were also early Pliocene (Maiatico) but assigned an early-late Pliocene age by Pimiento and Clements (2014). At least one of these localities (Castell’Arquato) has been mapped as early Pliocene in other studies (Bisconti, 2007, and references therein). Marsili (2006) considered all Mediterranean occurrences of O. megalodon to be early Pliocene at the youngest, and within the published literature, Marsili (2008) indicated that no specimens of Otodus megalodon date from rocks younger than 4 Ma. Therefore, we assign a minimum age of 4 Ma to these occurrences based upon Marsili (2008). 

Locality: Matsukura Quarry, Towa-Sekizai, Ainosawa, and Myougane-Misaki, Chiba Prefecture, Japan
Formation: Senhata Formation
Paleobiology Database #: 70006 (Matsukura), 180528 (Towa-Sekizai)
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): N/A
Corrected Age: 6.3-5.12 Ma
Comments: Teeth of Otodus megalodon were reported with an extensive ichthyofauna from the Senhata Formation by Yabe and Hirayama (1998). Few age determinations come from the unit itself, but most researchers considered it to be latest Miocene to earliest Pliocene in age based upon planktonic foraminifera preserved in underlying, overlying, and coeval units (Kohno, 1992, and references therein). Kanie et al. (1991) correlated the Senhata Formation with calcareous nannoplankton zone CN10b, which has a minimum date of 5.12 Ma. A maximum age is provided by tephra beds; as interpreted by Murakami et al. (2016, and references therein), these indicate a maximum age of 6.3 Ma. We therefore assign an age of 6.3-5.12 Ma.

Locality: Kita-Daito-Jima Island, northeastern coast, Okinawa, Japan
Formation: Daito Limestone
Paleobiology Database #: 152404
Stratigraphic justification presented in PBDB entry: No
Numerical Age reported by Pimiento and Clements (2014): 3.6-0.8 Ma
Corrected Age: 4.7-3.3 Ma
Comments: Pimiento and Clements (2014) excluded this from their analysis; at least one other study (Yabe et al., 2004) regards this as one of the youngest occurrences of Otodus megalodon worldwide. A single tooth was reported by Yabe and Suguyima (1935) from a coralline limestone exposure of the Daito Limestone on the northeastern coast of Kita-Daito-Jima in the Borodino Islands. This unit is typically regarded as Pliocene-Pleistocene in age, but the maximum age of the formation is unknown and the entire unit was dolomitized beginning 2.0 Ma (Suzuki et al., 2006). The Daito Limestone is laterally heterogeneous as is to be expected for tropical reef carbonates, and Strontium isotope dates demonstrate that this unit has a complex depositional history, with dates ranging from 4.9-2.1 Ma (Takayanagi et al., 2010); the origin of the age range reported by Pimiento and Clements (2014) is unclear. However, strontium dates from the northeastern coastline of the island (samples 21-24, 26-27, 42-44) reported by Takayanagi et al. (2010) range in age from 4.7-3.3 Ma. We acknowledge that the exact locality is unclear, but because this entire portion of the island has yielded consistent dates we assign an age of 4.7-3.3 Ma to this occurrence.

Locality: Choshi area, Japan
Formation: Na-Arai Formation
Paleobiology Database #: unclear; perhaps 48094, 56942, or 181357
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): N/A
Corrected Age: 5.33-4.36 Ma
Comments: Teeth of Otodus megalodon were reported by Itoigawa et al. (1975) from the Na-Arai Formation. Oishi and Hasegawa (1995) reviewed the stratigraphic literature for the Na-Arai Formation, concluding that it was early Pliocene; they also reported microfossils indicating a minimum age of 4.36 Ma. Owing to the early Pliocene age determinations in concert with this microfossil date, we assign an age of 5.33-4.36 Ma.

Locality: Sendai-Iwate area, Miyagi and Iwate Prefectures, Japan
Formation: Tatsunokuchi Formation
Paleobiology Database #: N/A
Stratigraphic justification presented in PBDB entry: N/A
Numerical Age reported by Pimiento and Clements (2014): N/A
Corrected Age: 5.6-3.9 Ma
Comments: Teeth of Otodus megalodon were reported from this unit by Oishi and Hasegawa (1995). The Tatsunokuchi Formation is typically reported as early Pliocene (Oishi and Hasegawa, 1995, and references therein). According to Yoshida et al. (2007, and references therein), the underlying Ishibane Formation has yielded a fission-track date of 5.6 Ma from a tuff bed, and the overlying Motohata Formation has yielded a fission-track date of 3.9 Ma. Though the age of the Tatsunokuchi Formation is likely narrower than this interval, we assign an age of 5.6-3.9 Ma to this occurrence.


Appendix 2. Comments on Otodus megalodon occurrences excluded from the OLE analysis.

Locality: Hawera
Formation: Tangahoe Formation
Paleobiology Database #: 28039
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): 3.6-3.0 Ma
Comments: The citation on the PBDB entry for this faunal assemblage is McKee (1987), which does not mention anything about Otodus megalodon. A single conference abstract (McKee, 1994A) reports vertebrae of O. megalodon from the Tangahoe Formation at Hawera. Extensive collections have been made from this locality (McKee, 1994B) but virtually all of these fossils reside in a private collection. We excluded this occurrence because these fossils are in a private collection and cannot be studied at present. Accordingly, this occurrence has not been given a New Zealand Fossil Record Database entry.

Locality: Wanganui-Taranaki
Formation: Unknown
Paleobiology Database #: 152191
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): 5.3-0.3 Ma
Comments: This specimen of Otodus megalodon was reported by Keyes (1972), who indicated that the locality was initially confused between New Zealand and Australia, and that the original label indicated the specimen was “probably from the upper Miocene beds Older Wanganui Series of NZ Geological Survey from between Wanganui and N. Plymouth”. New Plymouth and Whanganui are separated by approximately 180 km of coastline, at least half of which consists of Miocene-Pleistocene marine rocks. We excluded this record from our analysis because of the poor provenience of this specimen.

Locality: Cameron Inlet, Tasmania, Australia
Formation: Cameron Inlet Formation
Paleobiology Database #: 51414
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.3-2.6 Ma
Comments: A tooth of Otodus megalodon was reported by Kemp (1991: Plate 30C). The root is not preserved, and this specimen has coarse serrations, indicating this is most likely a misidentified Carcharodon carcharias. Because it does not appear to be an Otodus megalodon tooth, we do not include it.

Locality: Farol das Lagostas, Angola
Formation: Luanda Formation
Paleobiology Database #: 154111
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.3-2.6 Ma
Comments: Teeth of Otodus megalodon were reported by Antunes (1978). The age of the unit has been considered Miocene or Pliocene and as old as late early Miocene; according to Antunes (1978), the unit is Pliocene in age based upon the shark assemblage. However, most modern studies consider the unit entirely Miocene (Cauxeiro et al., 2014, and references therein). Because of the conflicting age determinations and lack of sub-epoch age control within the Pliocene, we have excluded this record from our dataset. Furthermore, we note that the age determination is based upon the shark assemblage, based principally off the co-occurrence of Carcharodon carcharias and Otodus megalodon; using this date in a dataset to evaluate the extinction date for O. megalodon is a case of circular reasoning.

Locality: Main Vertebrate Spot, Libya
Formation: unknown
Paleobiology Database #: 136597
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): 5.3-3.6 Ma
Comments: The stratigraphic assessment and shark fauna, including Otodus megalodon, were reported by Pawellek et al. (2012). The age determination as early Pliocene was based upon the co-occurrence of Otodus megalodon and Carcharodon carcharias. Because the minimum age of the locality is based upon Otodus megalodon, including it within our dataset (e.g. Pimiento and Clements, 2014) is a case of circular reasoning; we therefore exclude it from our dataset.

Locality: Fort Green Mine SW, North Palmetto Mine, Achan Mine, Palmetto Mine (Agrico), Chicora Mine
Formation: Bone Valley Formation 
Paleobiology Database #: 151641, 151679, 151680, 151681, 151682 (respectively)
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): 5.3-3.6 Ma
Comments: These five occurrences were included in the Pimiento and Clements (2014) dataset. According to the PBDB entries for all five, “Locality based on FLMNH online data base.” No further stratigraphic justifications are provided in the PBDB entry or on the Florida Museum of Natural History database, nor are they provided in the supplementary tables of Pimiento and Clements (2014). Though the age assignment by Pimiento and Clements (2014) is reasonable based upon other assemblages from the upper Bone Valley Formation, ultimately the unpublished stratigraphic framework cannot be vetted at present and these occurrences are excluded from our dataset.

Locality: Bahia Inglesa, Chile
Formation: Bahia Inglesa Formation
Paleobiology Database #: 154114
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 16.0-3.6 Ma
Comments: Shark teeth from Bahia Inglesa were originally reported by Long (1993) and an early Pliocene age was assigned based upon diatoms indicating an age of 4.5-2.6 Ma (Tsuchi et al., 1988). This occurrence was later identified as the Lechero Member of the Bahia Inglesa Formation (Walsh and Suarez, 2006); however, these specimens were provided to D.J. Long without intraformational stratigraphic control, so attribution to the Lechero Member is not possible and should be disregarded. The maximum age of fossiliferous strata below the Bahia Inglesa Bonebed (=Morro Member) is unclear but typically reported as Miocene (Walsh and Suarez, 2006). Otodus megalodon teeth originally reported by Long (1993) were not reported to a specific stratigraphic horizon, and the dates provided by Pimiento and Clements (2014) are for the entire sequence. The only specimens of O. megalodon reported with stratigraphic position indicated were reported in an unpublished thesis (Walsh, 2001) from the Bahia Inglesa Bonebed, which is older than the 7.6 Ma old ash bed and not informative for this analysis. Conflicting age determinations, unsatisfactory provenience, and an entirely late Miocene age for specimens with provenience lead us to exclude this occurrence from the dataset.

Locality: Darby Sink, Antigua and Barbuda
Formation: Highlands Formation
Paleobiology Database #: 151880
Stratigraphic justification presented in PBDB entry: no 
Numerical Age reported by Pimiento and Clements (2014): 5.3-2.6 Ma
Comments: A partial tooth of Otodus megalodon was reported by Flemming and McFarlane (1998) from an exposure of the Highlands Formation in Darby Sink, a large karstic sinkhole. These authors cite a Pliocene age indicated by Watters et al. (1992), though Watters et al. do not cite any evidence in favor of a Pliocene age, in turn citing Brasier and Mather (1975). However, Brasier and Mather (1975) actually reported microfossils which indicate a minimum age of late Miocene, and based upon a synthesis of diagenetic data and microfossils these authors concluded the Highlands Formation is middle Miocene in age. Therefore, the occurrence is too old to be informative and is excluded from the dataset.

Locality: Loma Phinney, Cuba
Formation: Canímar Formation
Paleobiology Database #: 151881
Stratigraphic justification presented in PBDB entry: no
Numerical Age reported by Pimiento and Clements (2014): 11.6-2.6 Ma
Comments: Teeth of Otodus megalodon were reported from the Canímar Formation by Iturralde-Vinent et al. (1996), who assigned an age of late Miocene to Pliocene. A Pliocene or even Pleistocene age is indicated by some studies (Franco, 1992). Because of the lack of subepochal age control for this occurrence, it is excluded from the dataset.

Locality: Rancho Algodones, Baja California Sur, Mexico
Formation: Salada Formation
Paleobiology Database #: 154118
Stratigraphic justification presented in PBDB entry: yes
Numerical Age reported by Pimiento and Clements (2014): 5.3-2.6 Ma
Comments: A shark assemblage including Otodus megalodon was reported by Espinosa-Arrubarrena and Applegate (1981). The Pliocene age of the locality was based upon the elasmobranch assemblage. No biostratigraphically informative microfossils or ash dates have been reported, with different authors proposing one or all sections of the Salada Formation being early-late Pliocene or early Pliocene in age (see Martinez-Gutierrez and Sethi, 1997, and references therein). Owing to the imprecise minimum age control and the lack of subepochal age determinations, this occurrence is excluded from our dataset.
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