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RESUMEN

Los estudios morfoldgicos y moleculares muestran que las tortugas son diapsidos estrechamente
relacionados con los Archosauromorpha. Las formas basales (Testudinata) se conocen principalmente
para el Triasico Superior y el Jurasico Inferior. Las verdaderas tortugas (Testudines) aparecieron por el
Jurasico Medio, y desde entonces el linaje ha sobrevivido y evolucionado mundialmente, experimentado
una elevada diversidad, lo que les ha permitido adaptarse a ambientes diversos. Las tortugas son un clado
de reptiles con un plan corporal caracteristico, el cual de manera comin conocemos como caparazoén, el
cual estd compuesto por el carapacho (area dorsal) y plastron (&rea ventral). Antes de este estudio, el
registro de Testudines durante el Mesozoico en México estaba restringido al Cretacico; pero con los
recientes descubrimientos su registro se ha extendido desde el Jurasico Superior (Kimmeridgiano). A
pesar de ser escasos los fosiles de Testudines éstos son representativos de la diversidad marina y terrestre
durante el Mesozoico, ademas de que las localidades de México resultan un punto importante en los
patrones biogeograficos de estos organismos. El registro fosil de tortugas mesozoicas en México es
importante por sus implicaciones taxonomicas y biogeogréaficas. Las localidades paleontoldgicas mas
surefias de América del Norte se ubican en Mexico, por lo que el contenido fosil es importante para
establecer patrones latitudinales de distribuciéon. En México, el registro fosil de tortugas es conocido en
varias formaciones del Mesozoico, incluidas Sabinal, Oaxaca; Tlayua, Puebla; Agua Nueva, Nuevo Ledn;
Corral de Enmedio y Packard Shale, Sonora; Aguja, Austin, Cafion del Tule, Cerro del Pueblo, Eagle
Ford, Indidura y Olmos, Coahuila; Aguja, Javelina, y San Carlos, Chihuahua; El Gallo, Baja California;
y Ocozocoautla, Chiapas. Hasta la fecha solo se han descrito cuatro nuevas especies de tortugas
mesozoicas para México: Notoemys tlaxiacoensis de la Formacion Sabinal (Jurasico Superior) Oaxaca,;
Yelmochelys rosarioae de la Formacion Cerro del Pueblo (Cretacico Superior) Coahuila; Mexichelys
coahuilaensis de la Formacion Cerro del Pueblo (Cretéacico Superior) Coahuilay Palauchelys montellanoi
de la Formacion Olmos (Cretacico Superior) Coahuila. El objetivo de esta tesis es analizar la riqueza de
las tortugas mesozoicas de Mexico. Para ello, se analizaron todos los materiales disponibles provenientes
de diferentes formaciones mesozoicas. El registro mexicano estad compuesto por abundante material, el

cual en su mayoria es inédito.



ABSTRACT

Morphological and molecular studies show that turtles are diapsids closely related to
Archosauromorpha. Basal forms (Testudinata) are mainly known for the Late Triassic and Early Jurassic.
The true turtles (Testudines) appeared by the Middle Jurassic, and since then the lineage has survive and
evolved worldwide, experienced a high diversity, which has allowed them to adapt to diverse
environments. Turtles are a clade of reptiles with a characteristic bauplan, which we commonly known as
carapace, which is composed of the carapace (dorsal area) and plastron (ventral area). Before this study,
the record of Testudines during the Mesozoic in Mexico was restricted to the Cretaceous, recent
discoveries pulled de Mesozoic record to the Upper Jurassic (Kimmeridgian). Although scarce these
fossils of Testudines are representative of the marine and terrestrial diversity during Mesozoic and the
Mexican localities represent important spots in the biogeographic pattern of these organisms. The
Mesozoic fossil record of turtles from Mexico is important regarding their taxonomical and
biogeographical implications. The paleontological localities more southern in North America are located
in Mexico, so fossil content is a milestone for establishing latitudinal patterns of distribution. In Mexico,
turtles are known from several Mesozoic formations, including Sabinal, Oaxaca; TlayUa, Puebla; Agua
Nueva, Nuevo Leon; Corral de Enmedio and Packard Shale, Sonora; Aguja, Austin, Cafion del Tule, Cerro
del Pueblo, Eagle Ford, Indidura and Olmos, Coahuila; Aguja, Javelina, and San Carlos, Chihuahua; El
Gallo, Baja California; and Ocozocoautla, Chiapas. Until now, only four new species of Mesozoic turtles
have been described for Mexico: Notoemys tlaxiacoensis, from the Sabinal Formation (Upper Jurassic)
Oaxaca; Yelmochelys rosarioae, from the Cerro del Pueblo Formation (Upper Cretaceous) Coahuila;
Mexichelys coahuilaensis, from the Cerro del Pueblo Formation (Upper Cretaceous) Coahuila and
Palauchelys montellanoi, from the Olmos Formation (Upper Cretaceous) Coahuila. The aim of this thesis
is to analyze the richness record of Mesozoic turtles from Mexico. For this purpose, all available materials
from different Mesozoic formations were analyzed. The Mexican record is made up of abundant material,
mostly unpublished.



ANTECEDENTES

Los reportes formales de tortugas mesozoicas para México histéricamente han sido poco
relevantes, esto se debe en muchas ocasiones a lo escaso y fragmentado del material, ademas de ser un
grupo de poco interés en los estudios paleontoldgicos, de ahi que usualmente los materiales que se
colectaban recibian poca atencién, como consecuencia su riqueza era poco conocida (L6pez-Conde,
2016).

Aguilera (1896) realiz6 el primer reporte de una tortuga fésil en el estado de Coahuila, del
Cretécico Superior (Turoniano) la cuél fue asignada a una tortuga Trionyx indeterminada. A partir de ese
momento los trabajos elaborados que hicieron uso de fésiles de tortugas fueron esporadicos, existiendo

un vacio por décadas donde no se dieron a conocer reportes formales de tortugas fosiles.

La mayoria de las alusiones al registro fosil de tortugas corresponden a reportes aislados que
incluyen resimenes de congresos (Eberth et al., 2003); articulos donde no son el grupo principal de estudio
y usualmente son mencionadas en listados Yy tesis de licenciatura y maestria (Garcia, 2003, 2008, Herrera-
Flores, 2007). A pesar de que estos reportes son escasos y no formales, han sido de suma importancia ya

que se fortalecio el conocimiento de este grupo y de su diversidad tanto terrestre como marina.

En 1998, Rodriguez-de la Rosa y Cevallos-Ferriz realizaron un estudio taxondmico de distintos
elementos dseos de vertebrados donde se dio a conocer la riqueza en la localidad El Pelillal ubicada en la
Formacidén Cerro del Pueblo en Coahuila, donde se describe la riqueza de organismos recolectados en esta
localidad, donde se incluyeron por primera vez el reporte de varios grupos de tortugas fdsiles del Cretacico
Superior de México.

Entre los afios 2005-2016, el principal investigador en dar a conocer diferentes registros de
tortugas fosiles mexicanas fue el Dr. Brinkman, quien dio a conocer la riqueza de tortugas provenientes
de distintas localidades dentro de la Formacion Cerro del Pueblo en Coahuila, con estos materiales
colectados dio a conocer nuevas especies, ampliando de esta manera el conocimiento de tortugas fosiles

del mesozoico de México (p.e. Brinkman and Rodriguez de la Rosa, 2006; Brinkman et al., 2009; 2016);



en un capitulo de libro Brinkman (2014), dio a conocer a la comunidad cientifica sus estudios realizados
durante el periodo de tiempo que trabajo en México, de ahi que las aportaciones realizadas por el Dr.
Brinkman son de suma importancia para el conocimiento paleontolégico de este grupo el cuél era

practicamente desconocido en México.

Recientemente, se han incrementado las publicaciones donde este grupo de vertebrados
mesozoicos son el principal objeto de estudio y debido a estos nuevos esfuerzos se ha podido dar a conocer
una riqueza mayor de la antes conocida tanto de tortugas terrestres como marinas (LOopez-Conde et al.,
2017a; 2017b; 2018a; 2019; 2020; 2021).

Con el estudio de los materiales fosiles de tortugas colectados en las formaciones Aguja, Austin,
El Gallo, Olmos y Sabinal se ha incrementado de manera importante el conocimiento de las tortugas del
Cretacico Superior y se ha ampliado el conocimiento del grupo y de sus relaciones biogeogréaficas. En
otras formaciones Unicamente existen menciones de materiales colectados y asignados a tortugas, sin que
hayan sido descritos formalmente, por lo que esta informacidon no es accesible para la comunidad
cientifica. Por lo que resulta importante el estudio adecuado de los nuevos ejemplares fésiles y las
conclusiones tanto morfoldgicas, biogeograficas y de relaciones filogenéticas que se obtengan posterior a

su estudio.

De las formaciones donde existe el reporte no formal de materiales fosiles asignados a tortugas,
es el caso de la Formacién Eagle Ford (Cretacico Superior, Turoniano), donde existe el reporte de dos
tortugas marinas colectadas que se encuentran resguardadas en el Museo Paleontol6gico de Muzquiz, en
Coahuila, estos ejemplares actualmente estan siendo estudiados. Con estos nuevos ejemplares se ampliaria
el registro de tortugas marinas en México, un grupo que hasta la fecha era poco conocido (Lépez-Conde
et al., 2018b). También esta el caso de las formaciones Corral de Enmedio y Lutita Packard (Cretacico
Superior, Campaniano), ambas formaciones ubicadas en el estado de Sonora, donde también se conoce el
reporte de una importante asociacion de fragmentos de caparazon de tortugas de distintos taxones los

cuales hasta la fecha no han sido estudiados a detalle.

Hasta antes de este proyecto de doctorado los Unicos reportes formales de tortugas mesozoicas

de México se habian realizado con materiales colectados en las formaciones Cerro del Pueblo (Rodriguez-



de la Rosa y Cevallos-Ferriz., 1998), El Gallo (Rodriguez-de la Rosa y Aranda-Manteca., 2000) y Sabinal
(Lopez-Conde et al., 2017a; 2017b). Estos trabajos dieron a conocer informacion importante de un grupo
de vertebrados que hasta antes de estas publicaciones no eran el centro de atencidn de los investigadores

nacionales.

En el caso de la Formacion El Gallo (Cretacico, Superior, Campaniano), que histéricamente s6lo
se tenia el reporte Naomichelys speciosa (Rodriguez-de la Rosa y Aranda-Manteca, 2000). Pero en
estudios recientes, se ha logrado reconocer la existencia de otros taxones de tortugas que ayudaron a

ampliar el conocimiento de vertebrados de esta formacion (Lopez-Conde et al., 2018a).

Para la Formacion Sabinal (Jurasico Superior, Kimmerigdiano), se tiene la reciente descripcion
de Notoemys tlaxiacoensis (LOpez-Conde et al., 2017a), que hasta la fecha es la tortuga mas antigua de
México. Ademas, se han logrado ubicar otros materiales que de forma tentativa se han asignado a la misma
especie, pero también se cuenta con otros elementos Gseos que podrian pertenecer a otra tortuga del

Jurédsico Superior de México (Lopez-Conde y Alvarado-Ortega, 2017b).

Para la Formacion Cerro del Pueblo, se tienen los estudios mas amplios de testudines mexicanos,
contando con los estudios realizados por Rodriguez-de la Rosa y Cevallos-Ferriz (1998); Brinkman y
Rodriguez de la Rosa (2006) y Brinkman et al. (2009; 2016) donde se describieron nuevas especies,
ademas de dar a conocer la riqueza de tortugas en distintas localidades de la Formacion Cerro del Pueblo.

El resultado de los distintos reportes realizados para tortugas del Mesozoico de México se resume
en la tabla 1, dichos reportes abarcan hasta el afio 2016, son veintiséis registros que hasta esa fecha se
habian realizado, incluyendo el registro de sélo dos especies nuevas para México hasta ese momento:
Mexichelys coahuilensis (Brinkman et al., 2009 y Parham y Pyenson, 2010) y Yelmochelys rosarioae
(Brinkman et al., 2016).



Tabla 1: Registro de tortugas mesozoicas publicadas formalmente en México hasta el afio 2016.
(Modificado de Lopez-Conde et al., 2020).

Taxon Estado Edad Formacion Referencia
cf. Araripemydidae Puebla Albian Tlayda Reynoso et al. (2000)
Tortuga indeterminada Nuevo Ledn Turonian Agua Nueva Ifrim (2006)
Trionychidae indet. Coahuila Turonian Indidura Brinkman (2014)
cf. Trionychidae Coahuila Turonian Cerro del Pueblo Aguilera (1896)
Trionychidae indet. Chihuahua Campanian San Carlos Brinkman (2014)
Trionychidae indet. Chihuahua Campanian Javelina Brinkman (2014)
. . . o . Rodriguez-de la Rosa y Aranda-
Naomichelys speciosa Baja California Campanian El Gallo Manteca (2000)
cf. Trionychidae Sonora Campanian Corral de Enmedio Lucas et al. (1995)
cf. Trionychidae Sonora Campanian Packard Lucas et al. (1995)
Mexichelys coahuilensis Coahuila Campanian Cerro del Pueblo Brinkman et al. (2009), Parham
y Pyenson (2010)
. . Brinkman y Rodriguez-de la
cf. Bothremys sp. Coahuila Campanian Cerro del Pueblo Rosa (2006)
- . . Brinkman y Rodriguez-de la
cf. Chedighaii sp. Coahuila Campanian Cerro del Pueblo Rosa (2006)
Compsemys victa Coahuila Campanian Cerro del Pueblo Brinkman (2014)
cf. Neurankylus sp. Coahuila Campanian Cerro del Pueblo Brinkman (2014)
cf. Chelydridae Coahuila Campanian Cerro del Pueblo Brinkman (2014)
Rodriguez-de la Rosa 'y
. . Cevallos-Ferriz (1998),
cf. Hoplochelys sp. Coahuila Campanian Cerro del Pueblo Brinkman y Rodriguez-de la
Rosa (2006)
cf. Kinosternidae Coahuila Campanian Cerro del Pueblo Brinkman (2014)
cf. Adocus sp. Coahuila Campanian Cerro del Pueblo Brinkman (2014)
. . . . Brinkman y Rodriguez-de la
cf. Trionychidae Coahuila Campanian Cerro del Pueblo Rosa (2006), Brinkman (2014)
Yelmochelys rosarioae Coahuila Campanian Cerro del Pueblo Brinkman et al. (2016)
Yelmochelys rosarioae Coahuila Maastrichtian Cafion del Tule Brinkman et al. (2016)
. . . S ~ Brinkman y Rodriguez-de la
cf. Trionychidae Coahuila Maastrichtian Cafion del Tule Rosa (2006), Brinkman (2014)
cf. Kinosternidae Coahuila Maastrichtian Cafion del Tule Brinkman (2014)
. S ~ Rodriguez-de la Rosa y
cf. Hoplochelys sp. Coahuila Maastrichtian Cafion del Tule Cevallos-Ferriz (1998)
Rodriguez-de la Rosa 'y
cf. Chelydridae Coahuila Maastrichtian Cafion del Tule Cevallos-Ferriz (1998),
Brinkman (2014)
Tortuga indeterminada. Chiapas Maastrichtian Ocozocoautla Carbot-Chanonaet al. (2013)
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INTRODUCCION GENERAL

Las tortugas son un grupo de reptiles altamente especializados y diversificado que se origind en
el Tridsico Superior hace 220 millones de afios, y que a partir de ese momento han pasado por un
importante proceso de radiacion y han ocupado tanto los ambientes terrestres, dulceacuicola, costeros y
marinos. Las tortugas con relacion a otros reptiles son inconfundibles, debido a que tienen muchas
novedades evolutivas que caracterizan al grupo, la mas evidente es la presencia de un caparazon que
protege gran parte o la totalidad del cuerpo, dicho caparazén estd formado por placas 6seas y escudos
corneos (Pérez-Garcia, 2012). La naturaleza de este grupo de organismos nunca se ha puesta en duda; sin
embrago, ha sido identificado bajo diferentes nombres cientificos. Esta situacién confusa en la taxonomia
de las tortugas se debe, por un lado, al incremento de los datos sobre la diversidad especifica, morfologica
y funcional de las tortugas recientes y al inevitable incremento en el nimero de fésiles recuperados
(Lopez-Conde, 2016). Se han planteado numerosas hipotesis sobre su origen; algunos autores basdndose
en datos moleculares y en estudios morfolégicos mencionan que las tortugas son reptiles didpsidos, y
proponiendo su posicion como grupo hermano de los Lepidosauria (Li et al., 2009) o Archosauria (Hugall
et al., 2007). Laurin y Reisz, 1995) (Lee, 1997) (Gauthier et al., 1988).

Se han realizado numerosos trabajos que analizan mediante estudios filogenéticos, la evolucion
de este grupo y las relaciones de parentesco entre linajes con representantes actuales y extintos. Gaffney
(1975), realiz6 un trabajo de sistematica filogenética, basdndose en datos morfoldgicos. Joyce (2007),
propone un nuevo andlisis filogenético donde se emplean especies como taxones terminales y tanto el
nimero de caracteres como de taxones considerados es mayor que el incluido en los analisis realizados
por Gaffney (Pérez-Garcia, 2012).

El conocimiento sobre la diversidad de tortugas que se presenta en el registro mesozoico en
México histéricamente ha sido limitado por lo que no existe comparacion con los estudios realizados
previamente en América del Norte, América del Sur y Europa, esto debido a que son pocos Y recientes los
estudios realizados haciendo uso el registro fosil de tortugas mesozoicas, por lo que resultan importantes

los nuevos descubrimientos y descripciones que se estan realizando en donde se ha dado a conocer la
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riqueza de tortugas y la asignacion de nuevas especies, con lo que se ha incrementado el conocimiento de

este grupo.

En la mayoria de las localidades cretacicas de México, se ha registrado una importante cantidad
de elementos que han sido asignados a tortugas. Estos hallazgos son relevantes debido a que aportan
informacion biogeografica, debido a que México cuenta con las localidades mas surefias de América del
Norte durante el Mesozoico, por lo que dichas localidades resultan importantes para el establecimiento de
patrones latitudinales de distribucion (Brinkman, 2014).

Hasta hace unos afios, el registro méas antiguo del mesozoico de tortugas fosiles de México estaba
restringido Unicamente para el Cretcico Inferior (Albiano) (Reynoso, 2006 y Brinkman, 2014).
Recientemente, el registro mesozoico se ha ampliado al Jurasico Superior, en la Formacion Sabinal en
Oaxaca. (Lopez-Conde et al., 2015a; 2016). Notoemys tlaxiacoensis (Lopez-Conde et al., 2017a) ademas
de ampliar el alcance estratigrafico de este grupo taxonémico para México, se incrementd la diversidad y
la distribucion biogeogréfica de la Familia Platychelyidae a lo largo del corredor hispanico y de acuerdo
con el registro fésil este grupo de tortugas tuvo su origen en América. Para el Cretacico Inferior (Albiano)
el registro mexicano de tortugas proviene de una sola localidad, conocida como La cantera TlayUa, ubicada
en el estado de Puebla, México, estas tortugas estan representadas por esqueletos articulados de al menos
dos taxones, a pesar de la presencia de estos especimenes articulados, sus relaciones taxonémicas y

filogenéticas siguen siendo hasta la fecha desconocidas (Reynoso et al., 2000).

Para el Cretécico Superior, las tortugas fésiles se han recolectado ampliamente en localidades del
Norte de México, encontrandose presentes en las formaciones Corral de Enmedio y Lutita Packard del
Grupo Cabullona, en Sonora (Lucas et al., 1995). La Formacion Agua Nueva es conocida por las
descripciones recientes de una gran diversidad de organismos marinos, desafortunadamente existen los
reportes de tortugas colectadas que hasta la fecha se mantienen como ejemplares indeterminados. En el
estado de Coahuila las formaciones Aguja, Austin, Cerro del pueblo, Cafién del Tule, Olmos y Javelina
son importantes debido a los estudios que se han realizado con el material de tortugas cretacicas. Para el
estado de Chihuahua se ha reportado restos de tortugas de las formaciones Aguja 'y San Carlos (Brinkman,
2014). Ademas, en Baja California en la Formacion El Gallo se han colectado fragmentos de tortugas

(Romo de Vivar, 2011 y Alcéntara-Garcia, 2016). Hasta la fecha sélo se conoce restos de tortugas
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maastrictianas de la Formacion Ocozocoautla, la cual representa ser la formacion mas surefia de México

(Brinkman, 2014).

Resumiendo, los estados de donde se ha colectado material fésil de tortugas del Mesozoico de

México son, Oaxaca (Formacion Sabinal, Jurasico Superior, Kimmeridgiano); Puebla (Formacion Tlayua,

Cretacico Inferior, Albiano); Nuevo Ledn (Formacion Agua Nueva, Cretacico Superior, Turoniano);

Coahuila (formaciones Aguja, Austin, Cerro del Pueblo, Eagle Ford, y Olmos, Cretacico Superior,

Turoniano-Campaniano); Sonora (formaciones Corral de Enmedio y Lutita Packard, Cretacico Superior,

Campaniano); Chihuahua (formaciones Aguja y San Carlos, Cretacico Superior,

Conaciano-

Maastrichtiano); Baja California (Campaniano) y Chiapas (Maastrichtiano) (Fig. 1) (L6pez-Conde, 2016).

M Cretacico Superior
[ Cretacico Inferior
M Jurasico Superior

D 500 km

Figura 1: Mapa de México donde se presentan los estados donde se ha colectado material de tortugas

mesozoicas. 1. Estado de Oaxaca; 2. Estado de Puebla; 3. Estado de Nuevo Le6n; 4. Estado de Coahuila;

5. Estado de Sonora; 6. Estado de Chihuahua; 7. Estado de Baja California y 8. Estado de Chiapas.
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Generalmente, gran parte del material recolectado esta constituido por fragmentos aislados del
caparazon, este material aporta poca informacion util para estudios filogenéticos, pero es de importancia
para los estudios taxondémicos, debido a que incluso con fragmentos del caparazon se puede identificar
generalmente hasta nivel de familia y en algunas ocasiones hasta especie, esto debido a la ornamentacion
observada en la superficie del caparazon, que resulta caracteristica en muchos grupos de tortugas. En otros
casos es posible trabajar con ejemplares mejor conservados con lo cual se pueden establecer relaciones

filogenéticas y con base a ello nombrar nuevas especies.

A pesar de ser pocos los informes formales de tortugas mesozoicas, €stos han sido representativos
de la diversidad marina y terrestre existente durante el Mesozoico en México. Ademas de documentar los
patrones de diversidad, distribucién y sus relaciones con las faunas de América del Norte, América del
Sury Europa (L6pez-Conde y Alvarado-Ortega, 2017).

A lo largo del estudio histérico del registro fosil de tortugas, solo cuatro han sido descritas como
nuevas especies para el Mesozoico de México: Mexichelys coahuilaensis (Brinkman et al., 2009; Parham
y Pyenson, 2010); Yelmochelys rosarioae (Brinkman et al., 2016); Notoemys tlaxiacoensis (Lépez-Conde
et al., 2017a) y Palauchelys montellanoi (L6opez-Conde et al., 2021). Por lo que el nivel de conocimiento,
diversidad, paleobiologia, paleobiogeografia y relaciones filogenéticas ain se encuentran en una fase

inicial.

La mayoria de los estudios donde se han mencionado la presencia de tortugas fosiles, estas no constituian
el objetivo principal del trabajo. De hecho, actualmente gran parte del registro permanece inédito, a pesar
de ser uno de los grupos de vertebrados mejor representado en los yacimientos mesozoicos. A pesar de no
ser frecuentes el recolectar ejemplares completos, es comdn encontrar fragmentos aislados de las placas

6seas del caparazon, las cudles aportan informacion relevante.

Debido a la disposicion geogréafica de México a lo largo del Mesozoico, es importante destacar
la presencia de grupos taxondémicos de tuvieron como origen Laurasia 0 Gondwana, estos taxones
representados en el registro fésil corresponderian a tortugas de ambientes continentales, ambientes

transicionales y ambientes marinos.
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La importancia de esta tesis doctoral consiste en realizar un detallado estudio morfoldgico de
cada uno de los ejemplares colectados en distintas localidades mesozoicas, y con la informacion obtenida
ampliar su conocimiento taxondémico, ecoldgico, biogeogréafico y sistematico de las tortugas que habitaron
México durante el Mesozoico. Con el conocimiento de los nuevos ejemplares se ha ampliado el alcance
estratigrafico, se han llenado espacios vacios en el registro y renovando el conocimiento de la riqueza todo
esto debido a las nuevas descripciones formales que se han estado realizando con estos nuevos materiales

fosiles.
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OBJETIVOS

. Objetivo general:

- Determinar la identidad taxonomica de las tortugas fosiles mesozoicas de México, ademas de
analizar las relaciones paleobiogeograficas y paleoambientales que influyeron directamente en su

distribucion.

. Objetivos particulares:

- Describir la anatomia conservada de las tortugas Mesozoicas de México.

- Determinar si las tortugas Mesozoicas de México pertenecen a nuevos taxones.

- Analizar las implicaciones biogeograficas de las tortugas descritas y su relacion con

organismos tanto de América del Norte, América del Sur y Europa.
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MARCO GEOLOGICO

Las localidades mesozoicas donde se recolectaron los ejemplares fosiles tienen diferentes
temporalidades, la localidad més antigua corresponde a la Formacion Sabinal del Jurésico Superior
(Kimmeridgiano), esta localidad se ubica en las proximidades de Tlaxiaco, Oaxaca. La mayoria de los
fosiles colectados y estudiados corresponden a localidades del Cretacico Superior siendo localidades
ubicadas en las formaciones El Gallo en Baja California; Aguja en Chihuahua; Austin y Olmos en
Coahuila (Fig 2).

Actualmente, se estan trabajando otros materiales fosiles colectados en las formaciones Aguja 'y
San Carlos en Chihuahua; Austin y Eagle Ford en Coahuila; Corral de Enmedio en Sonora; Ocozocoautla

en Chiapas y Sabinal en Oaxaca (Fig. 2).
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Figura 2: Mapa de México donde se presentan las formaciones donde se realizaron los trabajos de
prospeccion, colecta y estudio de los fésiles objeto de esta tesis doctoral. 1. Formacion Sabinal (Oaxaca);
2. Formacion El Gallo (Baja California); 3. Formacion Aguja (Chihuahua); 4. Formaciéon Austin
(Coahuila) y 5. Formacion Olmos (Coahuila). Las letras representan las formaciones donde se ha colectado
nuevos materiales de tortugas mesozoicas que actualmente se encuentran resguardados e iniciando su
estudio. A. Formacion Sabinal (Oaxaca); B. Formacidn Ocozocoautla (Chiapas); C. Formacién Eagle Ford
(Coahuila); D. Formacion Austin (Coahuila); E. Formacion Aguja (Chihuahua); F. Formacion San Carlos
(Chihuahua); G. Formacién Corral de Enmedio (Sonora); H. Formacion “El Gallo” (Baja California).

A continuacién, se hace una breve descripcion de las formaciones donde se ha prospectado,
colectado y descrito los fésiles de tortugas que han tenido como resultado cada uno de los articulos que
comprenden esta tesis doctoral.

Formacidn Sabinal: Meneses-Rocha et al. (1994), describe a la Formacion Sabinal como una
secuencia de lutitas bituminosas pertenecientes al Jurasico Superior (Kimmeridgiano). LIano Yosobé (Fig.
3y 4) es la localidad donde se recolectaron los materiales fésiles estudiados, esta localidad se ubica a las
afueras del pueblo de Tlaxiaco, Estado de Oaxaca, estas lutitas bituminosas contienen abundantes
concreciones calcareas con amonites, ostracodos y plantas principalmente. Lopez-Ticha (1969), estimo la

edad de la Formacion Sabinal basado en la asociacion de amonites.

Llano Yosobé se ha convertido en un hito en el estudio de los vertebrados fosiles del Jurasico
Superior de México, debido a que ha resultado la localidad mas fructifera de esta edad, ademas que ha
sido un &rea de importancia para la compresion del intercambio faunistico de vertebrados marinos a lo
largo del corredor hispanico, que utilizaban este naciente corredor para ocupar nuevos nichos ecoldgicos
principalmente en las américas (Barrientos-Lara et al., 2015, 2016, 2018; Barrientos-Lara y Alvarado
Ortega 2019; Cantalice et al., 2018; Lépez-Conde et al., 2017).
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Figura 3: Ubicacién de la localidad Llano Yosobg, en el estado de Oaxaca, donde se recolecto el material

de Notoemys tlaxiacoensis.

Figura 4: Fotografia de la localidad Ilano Yosobé, en el estado de Oaxaca.
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Formacion EIl Gallo: Kilmer (1963) dividié esta formacién en tres miembros nombrados La
Escarpa, El Disecado, y El Castillo. La edad de esta formacion ha sido determinada haciendo uso de
isétopos de 40Ar/39Ar que han sido obtenidos de cuatro tobas de riolita de los miembros La Escarpay El
Disecado, los resultados asignan a esta formacion una edad de Campaniano superior, ademas esta
formacion es el principal afloramiento de rocas no marinas del Cretacico en el borde del Pacifico de
América del Norte (Renne et al., 1991).

Fastovsky et al (2020), mencionan que la parte superior del Miembro EI Disecado de la formacién
El Gallo, Baja California, México, fue depositada posiblemente en la parte distal de un abanico subaéreo
de forma episddica y bajo una alta energia, siendo sus rasgos mas caracteristicos canales de rios trenzados
y depésitos de flujos de escombros. Los vertebrados fosiles preservados en esta parte del Miembro El
Disecado son casi exclusivamente aldctonos, se conservan como clastos aislados desarticulados en
equivalente hidraulico en el sistema fluvial trenzado. Una asociacion de microvertebrados relativamente
diversa se conserva; los componentes mas grandes son, en primer lugar, los dinosaurios y en segundo, las
tortugas. Fosiles no tetrapodos son relativamente raros, reflejando probablemente la ausencia de agua

permanente en este ambiente de depdsito.

Los fragmentos de caparazén de tortugas estudiados en este trabajo fueron colectados en el
Miembro EIl Disecado y més especificamente de las localidades Fiesta de Huesos, Motherload, OK, ROS
51, y Tortugario (Fig. 5).
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Figura 5: A: Ubicacion de El Rosario (Baja California). B: Localidades de la Formacion El Gallo donde

se recolectaron los fragmentos de caparazon de tortuga.
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Ademas, Fastovsky et al (2020), mencionan que la parte superior del Miembro El Disecado de la
formacion El Gallo, Baja California, México, conserva una asociacién fosil rica en microvertebrados y
macrovertebrados, troncos silicificados, restos macroscopicos de plantas, y polen. En estos mismos
sedimentos se recolectaron una importante cantidad de fragmentos de caparazon de tortuga, los cuéles

fueron estudiados detalladamente (Fig. 6).

g . * N

Figura 6: Fotografias de la Formacién el Gallo (Cretacico Superior, Campaniano), en donde se observan

los sedimentos que contienen los micro y macro vertebrados. Entre los macrovertebrados se encuentran
los fragmentos de caparazon de tortuga recolectados en las distintas localidades de esta formacion.
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Formacion Austin: EI nombre de la caliza Austin fue aplicado por primera vez por Shumard
(1860) para describir una unidad de roca de arcilla calcarea que aflora en los alrededores de Austin, Texas,
Estados Unidos de América. Esta formacion fue dividida en cuatro unidades por Taff (1892), de abajo

hacia arriba son: Austin inferior, capa arenosa, capa Aucella y caliza marga calcarea.

Los fosiles se obtienen del miembro superior, pero hasta la fecha existen pocos estudios sobre
esta unidad, y no se cuenta con un consenso general para estas divisiones tanto en México y Texas. La
mayoria de los estudios que se han realizado en el al noroeste de México se han referido a esta unidad

como indiferenciada y como la Formacion Austin (Carrasco, 1969).

En un estudio estratigréfico realizado por Carrasco (1969) en Jiménez, Coahuila (Fig. 7), la
Formacidn Austin se dividié en dos miembros: La Dessau y La Tecolotes, ambos miembros pertenecientes
al Campaniano inferior, esto basado en la presencia de los ammonites Scaphites hippocrepis y

Delawarella delawarensis.
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Figura 7: A: Ubicacion del estado de Coahuila. B: Mapa de Coahuila donde se muestra la Cantera de San

Carlos donde el ejemplar de cf. Desmatochelys lowii fue recolectada.
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De manera histdrica, en la cantera San Carlos (Cretacico Superior, Campaniano) (Fig. 8 y 9), se
han recuperado numerosos restos de peces, dientes de tiburon, bivalvos, cangrejos y erizos de mar, entre
otros (Silva-Martinez et al., 2014). Hace algunos afios, en esta misma cantera, se colectd el primer
ejemplar de una tortuga marina para México. Actualmente, se siguen recuperado mas ejemplares que han

sido de manera provisional a tortugas.

Figura 8: Cantera San Carlos, perteneciente a la Formacion Austin (Cretacico Superior, Campaniano),

donde se recolecto a cf. Desmatochelys lowii.
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Figura 9: Cantera San Carlos, perteneciente a la Formacion Austin (Cretacico Superior, Campaniano),

donde se recolecto a cf. Desmatochelys lowii.

Formacion Aguja: Esta formacion esta constituida por rocas sedimentarias del Cretacico
Superior que afloran en los estados de Texas, Coahuila y Chihuahua. La litologia de los estratos terrestres
es una intercalacion de areniscas y arcillas. Los fésiles de vertebrados se han colectado casi
exclusivamente en las capas subyacentes a los depoésitos piroclasticos de 77 a 73 Ma (Befus et al., 2008)
y en los lechos suprayacentes que producen ammonites (Scaphites hippocrepis), que corresponde a la
biozona que tiene una edad estimada de 82 Ma., la que corresponde al Campaniano.
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Los fragmentos de caparazdn son relativamente comunes en la Formacién Aguja y para este
estudio los fragmentos de caparazdn se obtuvieron de tres localidades al norte del Estado de Chihuahua:
Altares, Dueto Miseria y Las Garzas (Fig. 10 y 11).
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Figura 10: A: Ubicacion del estado de Chihuahua. B: Localidades donde se recolectaron los fragmentos

O
375km.

de caparazon de tortuga.

Figura 11: Formacion Aguja (Cretéacico Superior, Campaniano).
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Formacion Olmos: Esta formacion geoldgica, es importante desde el punto de vista econémico
debido a la extraccion de carbon, ademas de contener una importante y diversa flora fosil que es quizés la
maés importante del Cretdcico en México (Weber, 1972; Estrada-Ruiz et al., 2007). La Formacién Olmos
ha sido fechada recientemente por medio de circones detriticos colectados en areniscas de la litofacies B,

y s ele asignd una edad de Campaniano superior (Centeno-Gonzalez et al., 2019).

Palauchelys montellanoi, corresponde a una nueva tortuga colectada en la regién carbonifera de
Coahuila, cerca de la localidad de Palad, perteneciente al Municipio de Melchor Mizquiz, en una mina de

carbén denominada Don Evaristo (Fig. 12 y 13).
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Figura 12: A: Ubicacion del estado de Coahuila. B: Localidad Don Evaristo donde fue recolectada

Palauchelys montellanoi.
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Figura 13: Tajo a cielo abierto, que corresponde a la mina de carbon Don Evaristo, donde fue recolectada

Palauchelys montellanoi.

Con este breve repaso de las formaciones geoldgicas donde los ejemplares fosiles fueron
colectados, nos podemos dar cuenta que la mayor riqueza de tortugas fésiles en México a lo largo del
Mesozoico se encontraria en sedimentos pertenecientes al Cretacico Superior, esto se puede deber a
muchos factores y entre ellos es el mejor conocimiento de las localidades cretacicas mexicanas en donde
se han realizado una importante cantidad de proyectos paleontoldgicos y donde de manera secundaria se

han colectado restos fésiles de tortugas.

Las localidades jurasicas estan en menor medida estudiadas y en muchas de ellas la presencia de
vertebrados ha sido nula, siendo por mucho la localidad jurasica de Llano Yosobé en Oaxaca, donde se ha
obtenido la mejor asociacion de vertebrados fosiles marinos del Jurasico Superior.

Por lo que resulta importante el mantener estudios de prospeccion y colecta de manera intensiva
y extensiva en las distintas localidades mesozoicas de México para recuperar mas ejemplares y asi mejorar
el conocimiento de las distintas faunas tanto marinas como continentales del Mesozoico a lo largo del

territorio nacional.
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MATERIAL Y METODO

Los materiales de tortugas mesozoicas recolectadas, preparadas, descritas y publicadas se
obtuvieron de diferentes formaciones la mayoria de ellas ubicadas al norte del pais. EI ejemplar mas
antiguo estudiado en esta tesis corresponde a Notoemys tlaxiaconesis (Lépez-Conde et al., 2017a, 2017b)

del Jurasico Superior (Kimmeridgiano) de la Formacién Sabinal.

La mayoria de los ejemplares corresponden al estado de Coahuila, pero de distintas localidades,
tal es el caso de la primera tortuga marina descrita para México colectada en la cantera San Carlos de la
Formacidn Austin del Cretacico Superior (Campaniano) la cual fue nombrada como Desmatochelys cf. D.
lowii (Lopez-Conde et al., 2019) con ello ampliando el registro de este grupo de tortugas marinas a lo
largo del Mar Interior de América del Norte. Ademas, actualmente se estan describiendo otras dos nuevas
tortugas marinas que se han asignado tentativamente a la Familia Protostegidae, las cudles fueron

colectadas en la Formacion Austin, Cretacico Superior (Turoniano) (Lépez-Conde et al., 2018a).

Recientemente, se ha descrito una nueva tortuga Bothremydini, la cual fue nombrada Palauchelys
montellanoi (L6pez-Conde et al., 2021), este ejemplar fue colectada dentro de una mina de carbdn Ilamada

Don Evaristo, esta mina se ubicada dentro de la Formacion Olmos, Cretacico Superior (Campaniano).

Durante muchos afios en la Formacion El Gallo, en Baja California, se habia reportado
unicamente la presencia de un solo taxén conocido como Naomichelys speciosa (Rodriguez-de la Rosa
and Aranda-Manteca, 2000). Debido a trabajos de campo realizados desde el 2004 hasta 2018 se logré
recolectar un gran nimero de fragmentos de caparazén de tortugas las cuales sirvieron para incrementar
la riqueza de tortugas para esta formacion del Cretacico Superior (Campaniano), dandose a conocer la
presencia de nuevas tortugas para México y ampliando el registro de otros taxones mas alla de lo que se
conocia hasta ese momento tanto en México como América del Norte, los nuevos taxones reportados para
esta formacion son: Compsemys victa, Basilemys sp, Trionychidae indet, y cf. Chelydridae, ademas del ya
recurrente registro de Naomichelys speciosa, la cual habia sido registrada en esta formacion previamente
(Lopez-Conde et al., 2018b).
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Haciendo uso también de la ornamentacion de fragmentos de caparazon de tortugas se realizo el
primer reporte formal para este grupo en la Formacion Aguja, en el estado de Chihuahua, Cretacico
Superior (Campaniano). Este estudio permitié incrementar la riqueza de tortugas conocidas para México,
ademas de dar a conocer un nuevo taxon hasta entonces no conocido mas alla de localidades de Texas en
Estados Unidos, los nuevos taxones reportados para esta formacion son: c.f. Baenidae, c.f. Denazinemys
nodosa, Trionychidae indet, c.f. Yelmochelys rosarioae, Basilemys sp., y cf. Compsemys victa (Lopez-
Conde et al., 2020).

Prospeccion y colecta

La recuperacion del material de tortugas fue resultado de los trabajos de campo realizados por
diferentes grupos de investigacion en las diferentes localidades desde hace muchos afios, los proyectos
que fueron fundamentales para la elaboracion de esta tesis fueron los siguientes: Microvertebrados
cretdcicos del Rosario, Baja California, Meéxico (2009-2010) (DGAPA-PAPIIT IN 111209);
Paleontologia y estratigrafia del Cretacico Tardio del area de El Rosario, Baja California, México (2006-
2007) (DGAPA-PAPIIT IN 104506); Microvertebrados de la formacion El Gallo (Cretacico tardio,
Campaniano) Baja California, México (2013-2015) (DGAPA-PAPIIT IN 100913); Microvertebrados de
la formacidn El Gallo y algunos aspectos paleoambientales con base en isétopos estables de Cy O (2016-
2018) (DGAPA-PAPIIT IN 103616) y Cretacico Tardio continental del Norte de los Estados de Coahuila
and Chihuahua (DGAPA-PAPIIT IN 202802). Ademés de la beca proporcionada por el CONACYT
(545282). Algunos ejemplares ya estaban colectados y fueron puestos a mi disposicion para su estudio,
los cuales estan se encuentran resguardados en EI Museo de Paleontologia de Muzquiz y la Coleccién

Nacional de Paleontologia del Instituto de Geologia.

Se debe tomar en cuenta que en todos los proyectos la colecta de tortugas fue circunstancial
debido a que nunca fue el fin principal de estos proyectos, pero debido a trabajo sistematico de colecta
realizado en campo como en el laboratorio se recuperaron la mayoria de los materiales fragmentarios que

actualmente sabemos corresponden a diferentes taxones de tortugas mesozoicas.
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Los ejemplares mas completos corresponden a materiales colectados en las canteras tipo
Lagerstatte del Municipio de Mlzquiz en el estado de Coahuila, y debido a este extraordinario proceso de
fosilizacion es como actualmente se cuenta con estos ejemplares practicamente completos y articulados.
Debido a estos nuevos registros es como se dio a conocer la primera tortuga marina fosil para México y

actualmente dos nuevos ejemplares estan siendo estudiados.

Durante 40 afios, una misteriosa tortuga estuvo resguardada en la Coleccion Nacional de
Paleontologia de la UNAM, durante este tiempo nunca existio el interés por realizar un estudio formal con
este ejemplar esto debido quiza a que muy pocos sabian de la presencia de este ejemplar que fue colectado
dentro de una mina de carbdn de tiro, la cual actualmente es un tajo a cielo abierto, esta mina tiene el

nombre de Don Evaristo.

Preparacion

Los materiales estudiados se sometieron a distintas técnicas de preparacion dependiendo de sus
caracteristicas, pero de manera general se les retir6 el sedimento o matriz rocosa haciendo uso de puntas
odontolodgicas o percutor neumatico. Los materiales fueron endurecidos aplicandoles flexigom disuelto en
cianoacrilato. Las fotografias fueron tomadas bajo diferentes condiciones de luz, incluyendo luz de dia,
luz clara, luz ultravioleta, ademas de editarlas en Photoshop usando distintos filtros. Con este proceso

largo de trabajo en el laboratorio se consiguid que los ejemplares estuvieran listos para su estudio.

El caparazon de las tortugas como objeto de estudio

Las tortugas son unicas entre los tetrapodos actuales y extintos, debido a que poseen un caparazén
6seo. Este caparazon consta de una estructura dorsal conocida como carapacho y otra estructura ventral
denominada plastron, las cuales suelen estar unidas por un puente éseo a cada lado. El caparazon esta
abierto anteriormente para el acceso de la cabeza y las extremidades anteriores, y posteriormente para el
acceso de las extremidades posteriores y la cola. El carapacho y plastron esta constituido por placas 6seas
que estan interconectadas por suturas. En la mayoria de las tortugas las placas 0seas estan cubiertas por
escudos corneos los cuales estan interconectados por surcos, la presencia de estos surcos sobre las placas

6seas es una importante evidencia que ayuda a su estudio taxonémico (Zangerl, 1969).
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De ahi que el reconocimiento de cada uno de los elementos 6seos y cérneos que conforman el
caparazon de una tortuga es indispensable para un adecuado estudio comparativo. Las placas dseas que
conforman el carapacho son; nucal, neurales, suprapigial, pigial, costales y periféricas; y los escudos
coérneos que conforman el carapacho son; cervical, vertebral, pleural y marginal. Las placas dseas que
conforman el plastron son; entoplastron, epiplastron, hioplastron, mesoplastron, hipoplastron y
xifiplastrén; y los escudos corneos que conforman el plastron son; gular, estragular, humeral, pectoral,

abdominal, femoral y anal (Fig. 14A 'y 14B).

A

Figura 14: A: Placas 6seas y escudos cérneos del carapacho: Abreviaciones: nu, nucal; n, neural; sp,
suprapigial; pg, pigial; c, costal; p, periféricas; CE, cervical; V, vertebral; PL, pleural; M, marginal. B:
Placas 6seas y escudos cdérneos del plastron: Abreviaciones: ento, entoplastrén; epi, epiplastron; hyo,
hioplastron; meso, mesoplastron; hypo, hipoplastron; xifi, xifiplastron; Gu, gular; Ext, estragular; Hu,

humeral; Pe, pectoral; Ab, abdominal; Fe, femoral; An, anal. Escala grafica igual a 5¢cm.
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La combinacion de caracteres observados tanto es las placas dseas como en los escudos corneos
del carapacho y plastron son los que nos permiten obtener la informacidn necesaria para que en algunas
ocasiones se dé a conocer nuevas especies, las cuales son de suma importancia para ampliar en

conocimiento de las tortugas a nivel mundial.

La principal herramienta de estudio en esta tesis doctoral fueron caparazones de tortugas los
cuales fueron colectados en las formaciones Austin, Olmos y Sabinal. Los fragmentos de caparazon de
tortuga también constituyeron una herramienta fundamental para reconocer la riqueza de tortugas en

asociaciones faunisticas de las formaciones Aguja y “El Gallo”.
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In this work we describe a new marine turtle from the clade Protostegidae from Mexico recognized as a new
specimen of Desmatochelys. This specimen was collected in the San Carlos quarry, near Jiménez, Coahuila, in
outcrops of the Austin Formation, Late Cretaceous (Lower Campanian). The quarries of this region are composed
of marly limestones where numerous remains of fossil fish, shark teeth, ammonites and crabs were also found.
This Protostegidae turtle from Mexico is a semi-articulated specimen in ventral position, that lacks the skull. This
specimen is important because it preserves one of its forelimbs and both hindlimbs. The left anterior limb is fully
articulated bringing new information of Desmatochelys and, in the same way, it is the first time that both ar-

ticulated hindlimbs are reported. This new specimen of Desmatochelys is relevant because is the southernmost
record for the genus along the Western Interior Seaway during the Late Cretaceous.

1. Introduction

Pan-Chelonioidea (Joyce et al., 2004), is the total group comprising
all extant marine turtles (crown Chelonioidea) and most fossil crypto-
dires that show any morphological specialization for a marine en-
vironment such as the presence of flippers, salt glands, incipient to well-
developed secondary palates, and a range of modifications of the shell
(Hirayama, 1998). Some authors consider Santanachelys gaffneyi from
the Lower Cretaceous (Aptian-Albian) of Brazil the oldest known Pan-
Chelonioidea (Near et al., 2005; Kear and Lee, 2006; Lapparent de
Broin et al.,, 2014). However, recent studies suggested that many of
these fossil marine turtles might not be closely related to the extant

marine turtles (Joyce, 2007; Joyce et al., 2013; Parham et al., 2014;
Rabi et al., 2014).
The ber of ind dent li of marine turtles within the

total group of cryptodires is less understood (Evers and Benson, 2018;
Raselli, 2018). Chelonioidea, which includes all extant sea turtles, re-
presents one unambiguous evolutionary origin of secondarily marine

* Corresponding author.

ecologies within crown Cryptodira. Chelonioids form a clade of highly
marine-adapted forms (Mlynarski, 1976; Zangerl, 1980; Hirayama,
1994). Other marine turtles have been recognized, especially from the
Late Jurassic and Early Cretaceous. Depending on their phylogenetic
position, these groups, the protostegids, thalassochelydians and san-
downids, could represent additional, independent origins of marine
adaptations. Protostegids are known from the Barremian-Campanian
(Zangerl, 1953; Collins, 1970; Hirayama, 1994, 1998; Hooks, 1998;
Kear and Lee, 2006; Cadena and Parham, 2015).

Protostegidae (Cope, 1872) is a clade of specialized marine turtles
whose oldest records go back to the Early Cretaceous. A global phylo-
genetic analysis of fossil turtles (Joyce, 2007) included six marine
turtles, with S. gaffneyi as the sole representative of the Protostegidae.
In contrast to all other analyses, Joyce (2007) placed S. gaffneyi far from
the other pan-chelonioid taxa, raising the possibility that protostegids
are not crown Chelonioidea. Later studies including more protostegid
taxa concluded that S. gaffneyi is a pr gid and that P id

&

can be considered as the sister clade of Pan-Dermochelyidae (e.g.,
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Cadena and Parham, 2015; Evers and Benson, 2018) or as the sister
clade of crown Chelonioidea (Evers and Benson, 2018; Raselli, 2018;
Evers et al., 2019).

Desmatochelys is a genus of Protostegidae and spans from the
Barremian to the Campanian. Two species are known from this genus,
Desmatochelys lowii and Desmatochelys padillai. Desmatochelys lowii was
described by Williston (1894) based on material collected from the Late
Cretaceous (Cenomanian-Turonian) Benton Formation in Nebraska.
This included a well-preserved skull and lower jaw together with por-
tions of the carapace, plastron, and limbs. Zangerl and Sloan (1960),
described another specimen consisting of parts of the carapace, limbs
and girdles assigned to D. lowii, that were discovered in Late Cretaceous
(Turonian) sediments in South Dakota. Nicholls (1992) described ma-
terial from the Upper Cretaceous (Campanian), from the Trent River
Formation of Vancouver that was attributed to cf. D. lowii. This included
some postcranial elements and part of the mandible, but not the skull.
Other four undescribed specimens are known from the Fairport Chalk of
Kansas from the Late Cretaceous (Turonian). These are isolated ele-
ments referred by Nicholls (1992) to D. lowii. Elliott et al. (1997), de-
scribed a new specimen of D. lowii, collected in the Mancos shale in
Arizona, from the Late Cretaceous (Turonian); this material is con-
stituted by the skull, carapace and appendicular elements. Finally,
Cadena and Parham (2015), described a new species of the genus
Desmatochelys, which they named D. padillai. This specimen was col-
lected in the Paja Formation, Early Cretaceous (Barremian-Aptian) in
Colombia (Fig. 1).

Certainly, research focused on the fossil turtles from Mexico has
been historically scarce, especially in the case of marine turtles (Lépez-
Conde et al., 2017, 2018b). The specimen studied here (MUZ-562) was
previously reported by Rodriguez de la Rosa et al. (2011) as Desma-
tochelys lowii coming from the Turonian of Northern Mexico. Un-
fortunately, this finding was only mentioned in a conference abstract
with no further available information. In this work we present a formal
description of this specimen. Contrary to Rodriguez de la Rosa et al.
(2011), collection data suggests that specimen MUZ-562 was actually

66.0 m.a
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collected in the Austin Formation, Late Cretaceous (Campanian). This
specimen presents morphological differences in relation to other re-
presentatives of this taxon. In addition, this specimen from Mexico
preserves the hindlimbs, which were unknown for Desmatochelys pre-
vious to this study. Also, MUZ-562 shows some remarkable variability
in several postcranial elements (Lopez-Conde and Alvarado-Ortega,
2017; Lépez-Conde et al., 2018a).

2. Geological setting

The name Austin limestone was first applied by Shumard (1860) to
describe a calcareous-clay rock unit that crops out in the surroundings
of Austin, Texas, United States of North America (Young, 1963). This
unit was divided in four sub-units by Taff (1892), from the bottom to
the top they are: Lower Austin, Sandy layer, Aucella layer and the last
one, a calcareous marl limestone. In the northwest of Mexico, this unit
has been informally divided into diverse members (Carrasco, 1963;
Stinnesbeck et al., 2005). In a stratigraphic study made by Carrasco
(1969) at Jimenez, Coahuila, the Austin Formation was divided in two
members: La Dessau (yellowish-white chalk and marl) and La Tecolotes
(limestone and marl), both belonging to the Lower Campanian. The
fossils (mainly ammonites, bivalves and crabs) were obtained from the
upper member. Until now, there are only few studies about this unit,
and there is not a general consensus for these divisions in both Mexico
and Texas. The majority of the studies that have been done in the
northwest of Mexico have referred this unit as both undifferentiated
and as the Austin Formation.

The specimen described here (MUZ-562) was found in San Carlos
quarry (29°04’11” N-100°47’12”"W), near Jiménez town, Coahuila State,
Mexico (Fig. 2). The San Carlos quarry, at the base of the outcrops, is
composed of calcareous marls and yellowish-white chalks, and the
upper part of them is composed of gray limestone and yellowish-brown
marls. These lithologies are disposed in thin layers (decimeter). On the
other hand, the thickness of the limestone varies between 40 and 60 cm,
chalks and marls, between 20 and 100 cm, while shale thickness varies

Fig. 1. A: Chronostratigraphic distribution of
Desmatochelys. B: Geographical distribution of the
specimens of Desmatochelys along the Interior
Seaway of North America during the Cretaceous. 1.-
D. padillai, Colombia, Cadena y Parham (2015). 2.- D.
lowii, Nebraska, Williston (1894). 3.- D. lowii, Ar-
izona, Elliott et al. (1997). 4.- D. lowii, Dakota del
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835m.a
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— 85.8m.a
CONIACIAN
—— 893ma —
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|:|D‘ Jowii (Arizona, Kansas & South Dakota)

LamannE

[ o fowii (Nebraska)

—amA=

[ 0. pacittai (Colombia)

EARLY

Sur, Zangerl y Sloan (1960). 5.- ef D. lowii, Van-
couver, Nicholls (1992). 6.- cf D. lowii, Kansas,
Nicholls (1992). 7.-, MUZ-562, México (this work).
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Fig. 2. A: Map of Mexico and Coahuila State, northen México. B: Showing locality of San Carlos quarry, where the specimen described here was found.

from a few centimeters to 40 cm. Studies made by Carrasco (1969) and
Reeside (1927) in Jiménez, Coahuila suggested an early Campanian age
for this unit, based on the presence of the ammonites Scaphites hippo-
crepis and Delawarella delawarensis. Also, many fish remains, shark
teeth, bivalves, crabs and sea urchins, among others, have been re-
covered in this quarry (Silva-Martinez et al., 2014).

3. Material and method

The specimen described in this paper is housed at the Museo
Paleontolégico de Miizquiz, in Melchor Mizquiz, Coahuila, Mexico.
MUZ-562 is a specimen preserved in a ventral position, mostly as a print
on the rock, in addition to presenting some bone elements.

3.1. Preparation

The rocky matrix preserved on the bones was removed with pneu-
matic tools and dental needles. The bones and fossil impressions were
hardened by applying a layer of plexygum dissolved in cyanoacrylate.
In this study, the specimen was observed and measured directly and
through photographs obtained under different conditions, including
daylight and white and UV light of photo-studio.

3.2. Institutional abbreviations

We based our comparisons on the descriptions published by dif-
ferent authors (Williston, 1894; Zangerl and Sloan, 1960; Nicholls,
1992; Elliott et al.,, 1997; Cadena and Parham, 2015; Lépez-Conde
et al., 2018a). The main specimens we used for comparisons were:
CNHM: Field Museum of Natural History, Chicago Illinois, USA. CVM:
Comox Valley Museum, Courtenay British Columbia, Canada.
FCG-CBP: Fundacién Colombiana de Geobiologia, Villa de Leyva, Co-
lombia. KUVP: University of Kansas, Museum of Natural History,
Lawrence, USA. MNA: Museum of Northen Arizona, Arizona, USA.
MUZ: Museo Paleontolégico de Miizquiz, Melchor Miizquiz, Coahuila,
Mexico.

3.3. Comparative materials

CNHM PR 385, from the Upper Cretaceous of South Dakota. CVM
003, from the Upper Cretaceous of Vancouver Island. FCG-CBP 01,
from the Early Cretaceous of Colombia. KUVP 1200, from the Upper

Cretaceous of Fairbury, Nebraska. MNA V4516 from the Upper
Cretaceous of Arizona.

4. Systematic paleontology

TESTUDINES Batsch, 1788.

CRYPTODIRA Cope (1868).
PAN-CHELONIOIDEA Joyce et al. (2004).
PROTOSTEGIDAE Cope (1872).
DESMATOCHELYS Williston (1894).
Desmatochelys cf. D. lowii Williston (1894).

4.1. Material referred

MUZ-562 (Fig. 3) is a semi-articulated specimen represented only by
postcranial elements preserved in ventral view.

4.2. Occurrence

San Carlos quarry (29°04’11” N/100°47°12"W), Jiménez town,
Coahuila State, Mexico. Late Cretaceous (Lower Campanian), Austin
Formation.

4.3. Description

The length and width of the shell are 70 cm and 50 ¢m, respectively.
Although the anterior left region of the shell is missing, it is possible to
describe the shell. The bones that compose the shell show an important
reduction of the osseous structure, which is evidenced by flat and slim
bones. The elements that compose the plastron are less abundant and
highly damaged. MUZ-562 has an oval carapace with a convex anterior
margin. The forelimb is a true paddle, being notably larger and ex-
panded than the hindlimbs.

4.4. Carapace

The following elements were recognized.

4.5. Nuchal

Most of the nuchal bone is preserved in the middle anterior edge of
the carapace; it is trapezoidal in shape. It is very similar to what was
observed in D. lowii (CNHM PR 385, Zangerl and Sloan, 1960), where
the anterior edge is practically straight. But in MUZ-562, this same edge
is more concave. It articulates laterally with peripheral 1 through a
solid contact.

4.6. Neurals

Neural plates are not exposed in this specimen because they are
covered by the vertebral column.
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4.7. Suprapygal

The majority of the suprapygal is conserved. It is similar in shape to
the fragment preserved in D. lowii (MNA V4516 from the Mancos Shale
(Upper Cretaceous), Arizona, Elliott et al., 1997), but its posterior area
is narrower in MUZ-562.

4.8. Pygal

The posterior end of the shell is somewhat disarticulated, however,
we can observe a fragment of the pygal, which is a flat and thin tri-
angular bone. It is relatively displaced from its original position, no
contact with any peripheral bone is observed. This element has only
been previously mentioned in the description of Williston (1894).

4.9. Costals

Costal bones are flattened, reduced, or practically vestigial. Eight
costals are retained in articulation on the right side of the specimen.
Costal 1 is associated with rib 2, and so on until the association between
costal 8 with rib 9. On the left side of the specimen only costals 5 to 8
are observed.

4.10. Ribs

The ribs are wide and flat and there is no sharp distal delimitation
between costals and ribs. It is possible to appreciate the insertion zone
of the ribs in the peripherals. Ten ribs were preserved on the right side.
In this same side, the first thoracic rib is displaced and observed be-
tween the second and third ribs and possibly articulate with the first
peripheral. The second rib is a little displaced and stay in contact with
the second peripheral, the third rib is in contact with the third per-
ipheral, and so on until the association between the eighth rib is in
contact with the eighth peripheral. On the left side, only ribs 6 to 10
were preserved. The ninth rib is in contact with the ninth peripheral
and the tenth rib is in contact with the tenth peripheral.

Journal of South American Earth Sciences 94 (2019) 102204

Fig. 3. MUZ-562 is observed in a ventral view: ap,
acromion process; C, costals; co, coracoid; cav,
caudal vertebrae; cev, cervical vertebrae; En,
Entoplastron; Ep, Epiplastron; F, Femur; Fi, Fibula;
gf, glenoid fossa; H, Humerus; Hy, Hypoplastron; il,
ilium; is, ischium; Nu, nuchal; P, Peripheral; pi, pi-
siform; pu, pubis; Py, Pygal; r, ribs; ra, radius; sc,
scapula; Sp, suprapygal; sv, sacral vertebrae; Ti,
tibia; tv, thoracic vertebrae; ul, ulna. Scale bar re-
presents 30 cm.

4.11. Peripherals

The right peripherals 1-8 and left peripherals 9 and 10 are pre-
served in MUZ-562. All the peripherals are tightly articulated to each
other with sinuous sutures. Peripherals 1 and 2 are the shortest in the
series. Peripheral 1 is particularly interesting because it articulates
laterally with the nuchal, as illustrated in D. lowii (Zangerl and Sloan,
1960), and in contrast to D. padillai in which peripheral 1 is in contact
with the most anterior zone of the nuchal bone. Peripheral 3 is re-
markable because it is curved with the posterior half inclined inward,
while the remaining peripherals are practically straight. Peripherals
3-8 are longer than wide.

4.12. Plastron

The bones of the plastron are disarticulated and scattered and only
the following elements were recognized.

4.13. Entoplastron

It is a tri-radial and T-shaped element with the anterior part of the
lateral border rounded and in cranial direction. This morphology is
different to the one observed in other specimens of D. lowii (i.e. CNHM
PR 385, Zangerl and Sloan, 1960) where the entoplastron is arrow
shaped.

4.14. Epiplastron
Only one is observed, and given the location, it is possible that it

could be the left one. The epiplastron shows a knife shape and it is
anteriorly expanded.

4.15. Hypoplastron

Only one fragment was preserved. It is displaced from its original
position and is located over ribs 8 and 9. This bone is poorly preserved
but the radial shape, which is an important characteristic to define
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Desmatochelys, is clearly observed.
4.16. Vertebral column

4.16.1. Cervical vertebrae

In MUZ-562 two bones were preserved in a non-informative im-
pression that could possibly be two cervical vertebrae, but due to the
kind of preservation is not possible to describe it.

4.16.2. Thoracic vertebrae

The extant sea turtles like Chelonia mydas have ten thoracic ver-
tebrae. Zangerl and Sloan (1960) documented the presence of seven
well-preserved thoracic vertebrae for D. lowii, while Cadena and
Parham (2015) illustrated the presence of seven well-preserved thoracic
vertebrae. These vertebrae are very similar to the extant marine turtles
in the fact that they are longer than wide and they are ventrally
rounded with few foramina that correspond to the exit of spinal nerves.
In MUZ-562 ten thoracic vertebrae are in articulation. It is important to
mention that the tenth thoracic vertebra is articulated with one sacral
vertebra. They are well articulated through synarthrosic contacts. In
general, the thoracic vertebrae are similar to those found in other
members of Desmatochelys (Zangerl and Sloan, 1960; Cadena and
Parham, 2015). However, it is important to note in MUZ-562, vertebrae
5 and 6 are apparently wider than those reported by Zangerl and Sloan
(1960) and Cadena and Parham (2015).

4.16.3. Sacral vertebrae

Williston (1894) mentions the presence of three sacral vertebrae but
does not provide any description. Only one sacral vertebra was docu-
mented in MUZ-562. This sacral vertebra has contact anteriorly with
the tenth thoracic vertebrae. The ribs of the sacral vertebra are ob-
liquely directed downward.

4.16.4. Caudal vertebrae

In extant marine turtles, twelve or more vertebrae are present
(Wyneken, 2001). They are short, and consequently the tail is also
short. In addition, caudal vertebrae of females are shorter and their size
decreases distally. On the other hand, caudal vertebrae of males are
large with robust lateral and dorsal processes (Wyneken, 2001). In
MUZ-562, the vertebral body is moderately long and the anterior part is
concave, and the posterior is convex, so they are procoelous caudal
vertebrae. Also they show well-developed zygapophyses and rudimen-
tary transverse processes. The total number of caudal vertebrae in
members of the genus Desmatochelys is unknown. In the specimen MUZ-
562 thirteen caudal vertebrae are preserved, and some of them are
articulated. The first eight could be considered the same size, and the
other five smaller.

4.17. Pectoral girdle

The pectoral girdle is composed of two bones: the scapula and the
coracoid. In MUZ-562, the scapula, is displaced from its original posi-
tion, and the right coracoid, are preserved as well as the distal portion
of the left coracoid. The pectoral girdle shows a tri-radiate structure.
The glenoid fossa is formed by the scapula and the coracoid. The
shortest of these processes is the glenoid process that has a constrained
base and a broadened distal head to form part of the glenoid facet and
the facet to attach with the scapula.

4.17.1. Scapula

It has a dorsal process and together with the acromion form an angle
larger than 90°. In MUZ-562, the dorsal process is bigger than the ac-
romial process. The acromial process is ventrally extended. The dorsal
process of the scapula is slightly expanded distally, in addition this
distal part is observed to be damaged, but it should have been rounded.
In general, the scapula is placed at the level of the first thoracic
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vertebra, whereas the acromion is extended from the scapula and ar-
ticulates with the entoplastron.

4.17.2. Coracoid

It is a long bone that measures 23.5 cm. The same bone in the de-
scription of Zangerl and Sloan (1960) of D. lowii shows an approximate
length of 21 em. In D. padillai, only the distal part is preserved. In MUZ-
562, the distal part of the coracoid is much larger and expanded than in
other specimens described by Zangerl and Sloan (1960) and Cadena and
Parham (2015).

4.17.3. Pelvic girdle

It is composed of three pairs of bones: the pubis and ischium made
the ventral part of pelvis and the ilium the dorsal part. In specimen
MUZ-562, the ilium and pubis on the right side were preserved, as well
as the ilium and ischium on the left side. Given the disarticulation of
these bones, the shape and size of the acetabulum are unknown.

4.17.4. Pubis

In ventral view the pubis is the larger bone of the girdle. The lateral
process of the pubis is larger than the medial process. The lateral pro-
cess shows a rounded profile that is also expanded. Between the lateral
and the medial processes there is a valley that is narrow and with a “U”
shape-notch. In contrast, in the specimen of D. lowii described by
Zangerl and Sloan (1960), the lateral pubic process is smaller and with
an almost square shape. The thyroid fenestra is more open than in other
specimens of D. lowii. The medial process is rather ovoid and slightly
more expanded. The posterior process is a rectangular structure.

4.17.5. Ilium

Both ilia are preserved. The ilium is a long bone and flat. The ar-
ticular section is expanded and includes the flat surfaces to join the
pubis and ischium. The distal surface is rounded, very similar to other
specimens of D. lowii (Zanger! and Sloan, 1960).

4.17.6. Ischium

Only the right ischium is preserved, which is observed disarticulated
and displaced. This bone was preserved in the specimens of D. lowii
(Williston, 1894; Zangerl and Sloan, 1960). The ischium has an ex-
panded articular end, which shows facets for the ilium and pubis. The
distal part of the ischium is broad, nearly straight on its margin, with
rounded angles, and moderately thick. Medially the bone is constricted.
The medial process, which is situated about the middle of the bone, is
conical, pointed and curved. The articular end is similar in size with the
distal part, and the notch formed by the medial process is more open
and U-shaped. In the specimen CNHM-PR385 of D. lowii the articular
extremity is smaller and the notch formed by the medial process is
narrower.

The anterior limbs are known in D. padillai and MUZ-562. From D.
lowii forelimbs are known in the specimen collected in South Dakota
and described by Zangerl and Sloan (1960) where the humerus and
some fragments of the digits were recovered, the others specimens of D.
lowii lack of these elements. In the following paragraph the shape and
characteristics of the elements of the anterior right limb are described,
based mainly in the combination of the preserved fragments of the
bones, as well as using the impression (imprint) found in the marly
limestone where the fossil is embedded (Fig. 4).

4.18. Right anterior limb

4.18.1. Humerus

It is a large bone, stout with the constricted middle region and also
has a solid and wider proximal end. The diaphysis of the humerus is
narrower than in Archelon and Protostega. The medial process is located
almost at the same level as the caput humerus while the lateral process
is found relatively close to the caput humerus. The distal end is also
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Fig. 4. Right anterior limb of MUZ-562: 1I-V, phalanges; ce, centrale; dc, distal carpals; H, Humerus; he, head of the humerus; in, intermedium; lp; lateral process; mc,
metacarpals; mp, medial process; pi, pisiform; Ra, radius; rp, radial process; Ul, ulna; uln, ulnare; up, ulnare process. Scale bar represents 5 cm.

expanded. The ulnare process is pronounced and the radial process is
bigger. The caput humerus is wider and semi-spherical. All of these
characteristics, combined with a wide radial process, denote that the
paddle-shape was able to have a wider axial rotation. This more pro-
nounced forward inclination of the paddle-shape surface would result
in faster acceleration.

4.18.2. Radius

It is not completely preserved. The proximal part is better preserved,
however there is no detail about the articular surface. The distal and
proximal ends are expanded. The radius is slender than the ulna, it is
curved with a convex shape as well as the rest of the protostegids.

4.18.3. Ulna

It is better preserved than the radius. It is more robust and is sig-
nificantly curved. The olecranon process can be seen, but further de-
scription is not possible due to weathering of this area. A partial ar-
ticulation with the intermedium and ulnare is observed in this part.

4.18.4. Pisiform

It is an ovoid and elongated bone. It is articulated with distal carpal
V. The pisiform is bigger and it is very similar from that observed in
Dermochelys coriacea (Wyneken, 2001).

4.18.5. Ulnare
It is a pentagonal bone located between the pisiform and the

intermedium. It articulates with the centrale.

4.18.6. Intermedium
With a squarish shape it articulates with distal carpal II.

4.18.7. Centrale
It is circular in shape and it is articulated with the ulnare and the
intermedium.

4.18.8. Distal carpals

Two distal carpals are preserved. Distal carpal II shows a semi-cir-
cular shape and contacts with metacarpal II. Distal carpal V is semi-
triangular and it is articulated with the pisiform and metacarpal V.

4.18.9. Metacarpals
Metacarpals II-V were preserved. They were elongated elements.

4.18.10. Phalanges

Only three of them were preserved and only two were articulated
with digits IV and V and the last one was displaced from its original
position, but it seem that this one could also be articulated with digit V.

4.18.11. Left anterior limb

An imprint that is similar to the diaphysis of right humerus was
preserved in the top part, so this imprint could be interpreted as part of
the left humerus.
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The posterior limbs that were preserved in the specimen MUZ-562
are important because they were not preserved in other specimens of
Desmatochelys, with the exception of the femur. The presence of these
new elements in MUZ-562 contributes to improving the knowledge
about the marine turtle morphology from the Cretaceous.

4.18.12. Femur

In MUZ-562 both femora were preserved. The right femur shows the
internal view of its proximal tip; the rest of this bone is hidden. The left
femur is not displaced and it is possible to observe the femur head,
trochanter, tibial and fibular condyles. In general view, the femur of
MUZ-562 is similar to the femur of D. lowii described by Williston
(1894) and by Zangerl and Sloan (1960). The femur of MUZ-562 is
shorter than the humerus, however, it is relatively longer than in any of
the modern sea turtles. The femur is slender, distally less expanded and
the head is more spherical. The trochanters are individual processes,
but ventrally are connected. At the distal end of the femur, the ar-
ticulation surface for the tibia is more bulbous in contrast to the ar-
ticulation with the fibula.

4.18.13. Right posterior autopodium

This autopodium is disarticulated and the majority of their com-
ponents are displaced from their original position. Near this autopo-
dium, four caudal vertebrae can be observed along with a bone frag-
ment that is not possible to identify.

4.18.14. Astragalus

It is not well preserved, so the shape could be squarish. It shows a
half-moon shaped notch in the place where the tibia and the fibula
articulate.

4.18.15. Calcaneum
It shows a sub-squarish shape and it is smaller than the astragalus.

4.18.16. Distal tarsals

Three were preserved, which show a squarish shape. The one that is
placed near the astragalus could correspond to distal tarsal I. According
to the elongated shape of this element, it resembles Dermochelys cor-
iacea (Wyneken, 2001).

4.18.17. Metatarsals
There are three, elongated and disarticulated metatarsals.

4.18.18. Phalanges

Digits I-V are disarticulated and displaced from their original po-
sition. The phalangeal formula for the right posterior limb could be the
same as that one observed in the left posterior limb (see below) (Fig. 5).

4.19. Left posterior autopodium

4.19.1. Tibia

It is relatively shorter in comparison with the tibia found in
Cheloniidae (Zangerl and Sloan, 1960). It is more robust than the fi-
bula. Its proximal section is wider and more rounded compared to the
distal end.

4.19.2. Fibula

It is slender and shorter than the tibia. Its proximal end is rounded
and the distal outline is not well defined, however a narrower articular
zone can be easily observed. The tibia and the fibula are displaced from
their original position.

4.19.3. Astragalus
The shape is almost squarish and it is slightly displaced from its
original position and it is articulated with the first distal tarsal.
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4.19.4. Calcaneum
It shows a squarish shape and it is articulated with the third distal
tarsal.

4.19.5. Distal tarsals

Three distal tarsals are present and one of them is displaced from its
original position. Distal tarsals II and III are articulated with metatarsals
II and III respectively.

4.19.6. Metatarsals
Five metatarsals were preserved, and well articulated. The first
metatarsal is stout and shorter than the other four.

4.19.7. Phalanges

They are practically well articulated, allowing observing the five
digits of the left posterior limb. The phalangeal formula of MUZ-562
would be 2-3-3-3-2 (Fig. 6).

5. Discussion

The described Desmatochelys cf. D. lowii is the first evidence of a
representative of the family Protostegidae from the Austin Formation in
Mezxico. This new specimen (MUZ-562) shows some differences with
previously described specimens assigned to Desmatochelys. In spite of
these differences, we designate the Mexican specimen to Desmatochelys
cf. D. lowii, because the preservation does not allow us making a de-
tailed morphological and comparative study.

The anterior edge of the nuchal in specimen CNHM-PR385 of
Desmatochelys lowii (Zanger] and Sloan, 1960) is practically straight, but
in MUZ-562, this same edge is more concave. The suprapygal is trian-
gular and similar in shape to the fragment preserved in specimen
MNAV4516 of D. lowii (Elliott et al., 1997), but its posterior area is
narrower in MUZ-562. The first peripheral is particularly interesting
because it articulates laterally with the nuchal, and in this way it is
different from the contact illustrated in D. padillai (FCG-CBP 01,
Cadena and Parham, 2015), in which the first peripheral is in contact
with the most anterior zone of the nuchal bone. In MUZ-562 the first
and second peripherals are shorter and narrower than observed in D.
lowii (CNHM-PR385, Zangerl and Sloan, 1960) and D. padillai
(FCG-CBP 01, Cadena and Parham, 2015). The entoplastron is a T-
shaped element with the anterior part of its lateral borders rounded and
in cranial direction. This morphology is different to what is observed in
other specimens of D. lowii (CNHM-PR385, Zangerl and Sloan, 1960),
where the entoplastron is arrow shaped. In MUZ-562, the distal part of
the coracoid is much larger and expanded, than in other specimens
CNHM-PR385 and FCG-CBP 01 described by Zangerl and Sloan (1960)
and Cadena and Parham (2015), respectively. The pubis in ventral view
shows a lateral process larger than the medial process, and the lateral
process shows a rounded and expanded profile. Between the lateral
process and the medial process there is a valley that is narrow and with
a “U” shape notch. In contrast, in the specimen CNHM-PR385 of D. lowii
described by Zangerl and Sloan (1960), the lateral pubic process is
smaller and with an almost square shape. The thyroid fenestra in MUZ-
562 is more open than in other specimen of D. lowii (CNHM-PR385,
Zangerl and Sloan, 1960). The medial process is rather ovoid and
slightly more expanded in MUZ-562 than in the specimen CNHM-
PR385 of D. lowii described by Zangerl and Sloan (1960). The posterior
process is a rectangular structure. The valley illustrated between the
lateral process and the medial process is a wide open “V” shape in
specimen CNHM-PR385 of D. lowii (Zangerl and Sloan, 1960). The
notch formed in the medial process of the ischium in MUZ-562 is more
open and U-shaped. In D. lowii (CNHM-PR385) the articular extremity is
smaller and the notch formed by the medial process is more closed. The
pisiform is proportionally bigger in MUZ-562 and similar in shape to
Dermochelys coriacea (Wyneken, 2001). This bone is shown in D. padilla
(Cadena and Parham, 2015) and it is small and round.
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Fig. 5. Right posterior limb of MUZ-562: I-V, phalanges; as, astragalus; ca, calcaneo; cav caudal vertebrae; dt, distal tarsals; mt, metatarsals. Scale bar represents

5cm.

Fig. 6. Left posterior limb of MUZ-562: I-V, phalanges; as, astragalus; ca, calcaneo; dt, distal tarsals; fi, fibula; mt, metatarsals; ti,tibia. Scale bar represents 5 cm.

The present Mexican specimen assigned to Desmatochelys cf. D. lowii
also provides important information about the posterior limb anatomy
of Protostegidae. Posterior limbs are poorly known in this group, being
better known in Protostega gigas (CM1420, Wieland, 1906) and Rhi-
nochelys nammourensis (MSNM V3933, Tong et al., 2006). The posterior
limb of MUZ-562 is very similar to the one observed in specimen
CM1420 of P. gigas because they share the same phalangeal formula: 2-
3-3-3-2. On the other hand, specimen MSNM V3933 of R. nammourensis
shows a different phalangeal formula: 2-3-3-3-3 (Tong et al., 2006). The
posterior limbs of Desmatochelys are poorly known. In the specimen
KUVP 1200 described by Williston (1894) an incomplete femur is
preserved. In the specimen CNHM PR 385 described by Zangerl and
Sloan (1960) a femur, tibia and a tarsal element are recognized. In the
specimen CVM 003 described by Nicholls (1992) there is no mention
about the preservation of any of the elements of the posterior limbs. On
the other hand, Elliott et al. (1997), described for specimen MNA

V4516 a damaged femur, and they also documented some tarsals. There
is no mention of posterior limbs in Cadena and Parham's (2015) de-
scription of specimen FCG-CBP 01 of D. padillai. Consequently, the
posterior limbs of MUZ-562 are the best preserved for Desmatochelys,
providing valuable information about the limb structures of this taxon.
In the Mexican specimen, both posterior limbs were preserved. The
presence of these new elements contributes to a better understanding
and knowledge about the marine turtles form the Cretaceous.

This new specimen assigned to Desmatochelys cf. D. lowii extends the
stratigraphic range of Desmatochelys, which was known from the
Aptian-Albian of Colombia, from the Cenomanian of Nebraska and from
the Turonian of Arizona, Kansas and South Dakota (Williston, 1894;
Zangerl and Sloan, 1960; Nicholls, 1992; Elliott et al., 1997; Cadena
and Parham, 2015). Nicholls (1992) reports the presence of Desma-
tochelys in the Campanian of Vancouver, but this record seems dubious,
because the materials are fragmentary. In this way, the discovery and
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description of the Mexican specimen contributes to extend the Desma-
tochelys record beyond the Turonian up to the Campanian. The fossil
record of Desmatochelys lowii shows there is a gap during the Coniancian
and the Santonian.

6. Conclusions

The main specimens attributed to Desmatochelys lowii come from
different Late Cretaceous localities along the Western Interior Sea Way
in North America. The specimen reported here is the first formal de-
scription of a Desmatochelys from Mexico and represents the southern-
most record of Desmatochelys lowii for North America during the
Cretaceous. Desmatochelys cf. lowii is a representative of one of the most
enigmatic clades of sea turtles, the Protostegidae. This semi-articulated
specimen from the Campanian of Mexico is represented only by post-
cranial elements. It is important to highlight the preservation of ar-
ticulated hindlimbs that provides previously unknown morphological
data for the genus Desmatochelys and also for the clade Protostegidae.
Although we recognized some differences with previously described
specimens of D. lowii, the preservation of the Mexican specimen does
not allow us recognizing it as a new species of Desmatochelys.

Acknowledgements

We are grateful to the Museo Paleontoldgico de Mizquiz for the
support in this research and allowing us to work with the specimen
described in this work. Special thanks to Carlos Zapata Jaime for do-
nating the specimen for his study. We are also thankful to MSc.
Katherine Bramble for reviewing the English grammar of the original
manuscript. In addition, the extraordinary work done by Maria Luisa in
taking and editing photographs is appreciated. I further extend my
thanks to M.C. Rene Hernandez Rivera for their confidence and
teaching in the field and the laboratory. The first author thanks Maria
Guadalupe Conde Gutierrez for their support. The authors would like to
thank the regional editor Dr. Francisco. J. Vega and three anonymous
reviewers for their valuable comments that improved the quality of this
manuscript. I further extend my thanks to the Posgrado en Ciencias
Biolégicas, UNAM for their support. The main support of this project is
from CONACyT scholarship 545282.

Appendix A. Supplementary data

Supplementary data related to this article can be found at https://
doi.org/10.1016/j.jsames.2019.05.020.

References

Batsch, A.J., 1788. Versuch einter Anleitung, zur Kinntniss und Geschichte der Thiere und
Mineralien. Akademische Buchhandlung, Jena, Germany.

Cadena, E.A., Parham, J.F., 2015. Oldest known marine turtle? A new protostegid from
the Lower Cretaceous of Colombia. PaleoBios 32, 1-42.

Carrasco, B.V., 1963. Estratigrafia de la parte Superior del Grupo Austin en Jiménez
Coahuila (México): Revista del Instituto Mexicano del Petréleo, vol. 1. pp. 18-25 2.

Carrasco, B.V., 1969. Amonitas del Campaniano Inferior del Norte de Coahuila. Soc. Geol.
Mex. 30 (2), 144-151.

Collins, J.I., 1970. The chelonian Rhinochelys seeley from the upper cretaceous of England
and France. Palaeontology 13, 355-378.

Cope, E.D., 1868. On the origin of genera. Proc. Acad. Nat. Sci. Phila. 20, 242-300.

Cope, E.D., 1872. A description of the genus Protostega, a form of extinct Testudinata.
Proc. Am. Phil. Soc. 12 1872.

Elliott, D.K., Irby, G.V., Hutchinson, J.H., 1997. Desmatochelys lowi, a marine turtle from
the Upper Cretaceous. In: Callaway, J.M., Nicholls, E.M. (Eds.), Ancient Marine
Reptiles. Academic Press, San Diego, pp. 243-258.

Evers, S.W., Benson, R.B.J., 2018. A new phylogenetic hypothesis of turtles with im-
plications for the timing and number of evolutionary transitions to marine lifestyles
in the group. Palaeontology 1-42. https://doi.org/10.1111/pala.12384.

Evers, S.W., Barrett, P.M., Benson, R.B.J., 2019. Anatomy of Rhinochelys pulchriceps
(Protostegidae) and marine adaptation during the early evolution of chelonioids.
PeerJ 7, e6811. https://doi.org/10.7717/peerj.6811.

Journal of South American Earth Sciences 94 (2019) 102204

Hirayama, R., 1994. Phylogenetic systematics of chelonioid sea turtles. Isl. Arc 3,
270-284.

Hirayama, R., 1998. Oldest known sea turtle. Nature 392 (6677), 705-708.

Hooks, G.E., 1998. Systematic revision of the Protostegidae, with a redescription of
Calcarichelys gemma Zangerl, 1953. J. Vertebr. Paleontol. 18, 85-98.

Joyce, W.G., 2007. Phylogenetic relationships of mesozoic turtles. Bull. - Peabody Mus.
Nat. Hist. 48 (1), 3-102.

Joyce, W.G., Parham, J.F., Gauthier, J.A., 2004. Developing a protocol for the conversion
of rank-based taxon names to phylogenetically defined clades names, as exemplified
by turtles. J. Paleontol. 78 (5), 989-1013.

Joyce, W.G., Parham, J.F., Lyson, T.R., Warnock, R.C.M., Donoghue, P.C.J., 2013. A di-
vergence dating analysis of turtles using fossil calibrations: an example of best
practices. J. Paleontol. 87, 612-634.

Kear, B.P., Lee, M.S.Y., 2006. A primitive protostegid from Australia and early sea turtle
evolution. Biol. Lett. 2, 116-119.

Lapparent de Broin, F., Murelaga, X., Farres, F., Altimiras, J., 2014. An exceptional
cheloniid turtle, Osonachelus decorata nov. gen., nov. sp., from the Eocene (Bartonian)
of Catalonia (Spain). Geobios 47, 111-132.

Lopez-Conde, O., Sterli, J., Alvarado-Ortega, J., Chavarria-Arellano, M., 2017. A new
platychelyidae (Pan-Pleurodira) from the late Jurassic (Kimmeridgian) of Oaxaca,
Mexico. Papers Palaeontol. 3 (2), 161-174.

Lépez-Conde, O.A., Alvarado-Ortega, J., 2017. Estudio sobre la diversidad de tortugas del
Mesozoico de México. In: XV Congreso Nacional de Paleontologia. Sociedad
Mexicana de Paleontologia, pp. 80.

Lépez-Conde, O.A., Sterli, J., Chavarrfa-Arellano, M.L., Alvarado-Ortega, J., Porras-
Miizquiz, H., 2018a. The first records of Protostegidae in Mexico (late cretaceous)
poster. In: 78th Annual Meeting of Society of Vertebrate Paleontology,
(Albuquerque, NM, USA).

Léopez-Conde, O.A., Sterli, J., Chavarrfa-Arellano, M.L., Brinkman, D.B., Montellano-
Ballesteros, M., 2018b. Turtles from the late cretaceous (campanian) of el Gallo
formation, Baja California, Mexico. J. South Am. Earth Sci. 88, 693-699.

Mlynarski, M., 1976. Testudines. In: Kuhn, O. (Ed.), Handbuch der Paleacherpetologie.
Friedrich Pfeil, Stuttgart, pp. 130.

Near, T.J., Meylan, P.A., Shaffer, H.B., 2005. Assessing concordance of fossil calibration
points in molecular clock studies: an example using turtles. Am. Nat. 165, 137-146.

Nicholls, E., 1992. Note on the occurrence of the marine turtle Desmatochelys (Reptilia:
Chelonioidea) from the upper cretaceous of Vancouver Island. Can. J. Earth Sci. 29
(2), 377-380.

Parham, J.F., Otero, R.A., Suarez, M.E., 2014. A sea turtle skull from the Cretaceous of
Chile with comments on the taxonomy and biogeography of Euclastes (formerly
Osteopygis). Cretac. Res. 49, 181-189.

Rabi, M., Sukhanov, V.B., Egorova, V.N., Danilov, 1., 2014. Osteology, relationships, and
ecology of Annemys (Testudines, Eucryptodira) from the late Juassic of shar Teg,
Mongolia, and phylogenetic definitions for Xinjiangchelyidae, sinemydidae, and
macrobaenidae. J. Vertebr. Paleontol. 34 (2), 327-352.

Raselli, 1., 2018. Comparative cranial morphology of the Late Cretaceous protostegid sea
turtle Desmatochelys lowii. PeerJ 6, e5964. https://doi.org/10.7717/peerj.5964.
Reeside, B.J., 1927. The Cephalopods of the Eagle Sandstone and Related Formations in
the Western Interior of the United States: United States Government Printed Office.

Professional Paper 151, 23, lgm.17.

Rodriguez-De la Rosa, R.A., Porras-Mtzquiz, H.,G., Blanco-Pifién, A., 2011. Desmatochelys
lowii (Chelonioidea, Prostostegidae) en el Turoniano del norte de México. In: XII
Congreso Nacional de Paleontologia. Sociedad Mexicana de Paleontologia, pp.
120-121.

Shumard, B.F., 1860. Descriptions of new Cretaceous fossils from Texas. Trans. Acad. Sci.
St. Louis 1, 590-610.

Silva-Martinez, L.E., Blanco-Pin6n, A., Ledn-Gonzélez, J.A., 2014. Equinoideos del
Cretécico Tardio del Norte de Coahuila, México. Bol. Soc. Geol. Mex. 66 (2),
377-395.

Stinnesbeck, W., Ifrim, C., Schmidt, H., Rindfleisch, A., Buchy, M.C., Frey, E., Gonzélez-
Gonzilez, A., Vega, F.J., Cavin, L., Keller, G., Smith, K.T., 2005. A new lithographic
limestone deposit in the upper cretaceous Austin group at el Rosario, county of
Miizquiz, Coahuila, northeastern Mexico. Rev. Mex. Cienc. Biol. 22 (3), 401-418.

Taff, B.J., 1892. Reports on the cretaceous area north of the Colorado river. Annu. Rep.
Geol. Surv. Texas 3, 267-379.

Tong, H., Hirayama, R., Makhoul, E., Escuillié, F., 2006. Rhinochelys (Chelonioidea:
Protostegidae) from the late cretaceous (cenomanian) of Nammoura, Lebanon. Atti
Soc. it. Sci. nat. Museo civ. Stor. nat. Milano 147 (1), 113-138.

‘Wieland, G.R., 1906. The osteology of Protostega. Mem. Carnegie Mus. 2, 279-298 figs. 1-
8, pis. 31-33.

Williston, S.M., 1894. A New Turtle from the Benton Cretaceous. 3. Kansas University
Quarterly, pp. 5-18.

‘Wyneken, J., 2001. The Anatomy of the Sea Turtles. U.S. Department of Commerce NOAA
Technical Memorandum NMFS-SEFSC-470. pp. 172.

Young, K., 1963. Upper CretacEous Ammonites from the Gulf Coast of the United States:
University of Texas Publication Number 6304. pp. 48-123.

Zangerl, R., 1953. The vertebrate fauna of the Selma Formation of Alabama. Part IIL. The
turtles of the family Protostegidae. Fieldiana Geol. 3, 59-133.

Zangerl, R., 1980. Patterns of phylogenetic differentiation in the toxochelyid and chelo-
niid sea turtles. Integr. Comp. Biol. 20, 585-596.

Zangerl, R., Sloan, R.E., 1960. A new specimen of Desmatochelys lowi (Williston), a pri-
mitive cheloniid sea turtle from the Cretaceous of South Dakota. Fieldiana Geol. 14,
7-40.

46



CAPITULO Il

Lopez-Conde, O.A., Alvarado-Ortega, J., 2017. Revision morfoldgica de las tortugas del género
Notoemys. Paleontologia Mexicana. Volumen 6, nimero 2, pp. 79-89.

PaLeoNTOLOGIA MEXICANA
VOLUMEN 6, NUM. 2, 2017, p. T9-89

Revision morfolégica de las tortugas del género Notoemys

Lépez-Conde, Oliver Ariel*"; Alvarado-Ortega, Jesiis®

*Posgrado en Ciencias Bioldgicas, Instituto de Geologia, Universidad Nacional Autdnoma de México, Circuito de la investigacion s/n,
Ciudad Universitaria, Delegacion Coyoacan, Ciudad de México, 04510,

"Universidad Nacional Autdnoma de México, Circuito de la investigacion s/n, Ciudad Universitaria, Delegacion Coyoacan, Ciudad de
México, 04510,

“vertebrate_palaeontologyi@ comunidad. unam.mx

Resumen

Se realizo un estudio morfologico con los caparazones de cada uno de los ejemplares pertenecientes al género Notoemys, el cual,
por el momento, Gnicamente se distribuye en el continente americano, teniendo un alcance estratigrifico que va del Juriasico Tardio
{Oxfordiano) al Cretidcico Temprano (Valanginiano). Se usaron unicamente los caparazones debido a que no todos los representantes
de este género disponen de elementos craneales y posteraneales. El uso de los caparazones en este estudio morfologico es adecuado
debido a que cuentan con los caracteres morfologicos y diagndsticos que definen a este género de tortugas. El objetivo principal consiste
en presentar las variaciones anatomicas observadas tanto en las placas dseas y escudos corneos del carapacho como del plastron en
cada especie, con ello actualizando la informacion existente para este taxon de tortugas v generar un documento donde se encuentre
la descripcion morfologica de los caparazones de las especies del género Nofoemys. Con el reciente descubrimiento y descripeion de
una nueva especie de este género para el Jurdsico Tardio de México se incrementa la diversidad de este grupo de tortugas, ademas de
ampliar la distribucion de Notoemys en América.

Palabras clave: Biogeografia, Creticico Temprano, Jurdsico Tardio, Notoenys, Pan-Pleurodira, Testudines.

Abstract

A morphological study was carried out with the carapace of each member of the genus Notoemys. The aim of this study is to present
the anaivmical variations observed in the plates and in the scutes in the corns of the carapace and plastron on each species; to updaie
the information of this taxon of fossil turiles; and generate a docwment in which it found all the morphological descriptions of the
Notaemys members. The distribution of this fossil turtles were only in America, and the siratigraphic reach of this genus was from Late
Jurassic (Oxfordian) to Early Crefaceous (Valanginian). fn most of the members of this genus the shell is well preserved in the fossil
record, and only few specimens have skull or axial elements. The use of the shells in this morphological study is adequate because
they have the marphalogical and diagmostic characteristics that define this turtle genus. With the recent discovery and description of
a new species of this genus for the Late Jurassic of Mexico the diversity of this group of turiles increases, in addition (o expanding
the distribution of Noioemys in America.

Kevwords: Biogeography, Early Cretaceous, Late Jurassic, Notoemys, Pan-Plewrodira, Testudines.
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1. Introduccién

Cattoi y Freiberg (1961) propusieron el género
Notoemys, el cudl actualmente esta constituido por cuatro
especies, todas colectadas en el continente americano.
El primer representante del género Notoemys colectado
y descrito fue Notoemys laticentralis (Cattoi y Freiberg,
1961) del Jurasico Tardio (Titoniano) de Argentina.
Posteriormente se colectd al representante mas antiguo
de este género, Notoemys oxfordiensis (de la Fuente y
Tturralde-Vinent, 2001) del Jurasico Tardio (Oxfordiano)
de Cuba. Notoemys zapatocaensis (Cadena-Rueda y
Gaflney, 2005) de Colombia, es el tnico ejemplar hasta el
momento de este género que se conoce para el Cretacico
Temprano (Valanginiano) (Cadena-Rueda y Gaffney,
2015). Recientemente, en yacimientos ubicados en Llano
Yosobé, en Tlaxiaco, Oaxaca, México se colecto y describid
Notoemys Haxiacoensis (Lopez-Conde et al., 2016) también
del Jurésico Tardio (Kimmeridgiano) (Figura 1).

Los miembros del género Nofoemys se obtuvieron de
secuencias estratigraficas marinas y transicionales, con
abundantes invertebrados y reptiles marinos (Brim, 1965;
Fernandez y de la Fuente, 1994, de la Fuente y Iturralde-
Vinent, 2001; Cadena-Rueda y Gaflney, 2005; Lopez-Conde
et al., 2016). Estas especies son conocidas principalmente
por sus caparazones. Otra particularidad de Notoemys es lo

bien osificado de sus caparazones, pero con la presencia de
fontanelas centrales en el plastron, en contraste con lo que
ocurre en la mayoria de las tortugas marinas que muestran
una reduccién en la osificacion del caparazén (Brand et al.,
2003). La preservacion de extremidades en N. laficentralis
v N. oxfordiensis muestra que el fémur es ligeramente mas
largo que el humero, estas proporciones son tipicas para
tortugas no marinas, por lo que no existe la total evidencia
de la formacion de aletas (Joyce y Gauthier, 2004).

La evidencia tafondémica, paleoambiental y morfologica
nos ha permitido conocer que los representantes del género
Notoemys eran habitantes de aguas poco profundas con
una cierta tolerancia o preferencia por las aguas salobres
sobre las aguas saladas. Sin embargo, incluso aquellos
que preferfan hébitats marinos se encontraban restringidas
a zonas de lagunas ya que sus extremidades estaban
escasamente adaptadas para ambientes marinos. Pero esta
tolerancia a ambientes marinos les ayudo a dispersarse a lo
largo de la linea de costa y entre los continentes durante la
fragmentacion temprana de Pangea a lo largo del corredor
hispanico (Lopez-Conde et al., 2015 ay b).

El objetivo principal de este trabajo consiste en presentar
las variaciones morfoldgicas observadas tanto en las placas
oseas y escudos corneos del carapacho como plastron de las
diferentes especies del género Notoenys.

o @
&
Bl
o= %
S ’F &
F&) Albiano §
= O| Aptiano T R2] -CZ.Q “(E
oz S 9 g o
o é Barremiano . < -E. ©
(®) 2 0] N
% Hauteriviano cé 8 8 2
,,,,,, T + - S ~ N A
LI'_J Valanginiano | -§ 77777777 % 7777777 3_’ 7777777 U 777777
Berrasiano & = =
(@] Tithoniano § 2 |:|
8 % Kimmeridgiaro| Z ------- D -----------------------
Q I‘S Oxfordano | ﬂ -----------------------------------
o ©
o0
- Ww
=

Figura 1. Alcance estratigrafico del género Notoemys (Modificado de Lopez-Conde, 2016).
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2. Material y métodos

El método consistio en realizar un estudio morfolégico
de cada uno de los ejemplares pertenecientes al género
Notoemys. Sefialando de esta forma las variaciones
observadas, tanto en las placas dseas y escudos corneos
del carapacho, como plastron entre las diferentes especies.
Incrementado de esta manera la informacion existente en
la morfologia del caparazon de las especies de este género,
al afadirle lo descrito en N. tlaxiacoensis.

Los fosiles enlistados a continuacion son los materiales
de estudio de los ejemplares de las tortugas marinas del
Jurasico Tardio-Cretacico Temprano del género Notoemys.

Notoemys laticentralis: MACN-18043 (Holotipo),
carapacho completo (Figura 2), colectado en Las Lajas,
Neuquén, Argentina, Formacion Vaca Muerta, Jurasico
Tardio (Titoniano). Resguardado en Museo Argentino de
Ciencias Naturales "Bernardino Rivadavia", Buenos Aires,
Argentina.

Notoemys laticentralis: MOZ-PV-2487 (Paratipo),
ejemplar que conserva un molde del carapacho y el plastréon
(Figura 3), colectado en Cerro Lotena, departamento de
Zapala, Neuquén, Argentina, Formacién Vaca Muerta,
Jurasico Tardio (Titoniano). Resguardado en el Museo
Olsacher de Zapala, Neuquén, Argentina.

Notoemys zapatocaensis: MGJRG IPN 15-EAC
140120031 (Holotipo), carapacho y plastron (Figura

e
Figura 2. Carapacho de Notoemys laticentralis (MACN-18043). Escala
grafica igual a 10 cm.

4), colectado en Zapatoca, Departamento de Santander,
Formacion El Caucho, Cretacico Temprano (Valanginiano).
Resguardado en Museo Geoldgico Nacional "José Royo
y Gomez", Instituto Colombiano de Geologia y Minas -
Ingeominas, Bogota, Colombia.

Notoemys oxfordiensis: MNHNCu-P (Holotipo)
carapacho y plastréon (Figura 5), colectado en Viiiales,
Formacién La Jagua, Jurasico Tardio (Oxfordiano).
Resguardado en El Museo Nacional de Historia Natural,
La Habana, Cuba.

Notoemys tlaxiacoensis: IGM-4861 (Holotipo),
carapacho y el plastron (Figura 6) colectado en Tlaxiaco,
Oaxaca, México, Formacion Sabinal, Jurasico Tardio
(Kimmeridgiano). Resguardado en La Coleccion Nacional
de Paleontologia "Maria del Carmen Perrillat", IG, UNAM,
Ciudad de México.

Abreviaciones Institucionales: Museo Argentino
de Ciencias Naturales "Bernardino Rivadavia", Buenos
Aires, Argentina (MACN). Museo Olsacher de Zapala,
Neuquén, Argentina (MOZ). Museo Geoldgico Nacional
"José Royo y Gomez", Instituto Colombiano de Geologiay
Minas - Ingeominas, Bogota, Colombia (MGJRG). Museo
Nacional de Historia Natural, La Habana, Cuba (MNHNCu).
Coleccion Nacional de Paleontologia "Maria del Carmen
Perrillat", IG, UNAM, Ciudad de México (IGM).

3. Paleontologia sistemaitica

Orden Testudines Batsch, 1788
Pan-Pleurodira Joyce et al., 2004
Familia Platychelyidae Bram, 1965

Posee una sutura debido a la articulacion de la pelvis
tanto en el carapacho como el plastron, presenta una muesca
en el xifiplastron y el escudo cervical, una serie de ocho
placas neurales que se contintan con dos suprapigiales, un
mesoplastron mas ancho que largo y que no hace contacto
con la linea media, una fontanela entre el hioplastron y
el hipoplastron, formacion del tubérculo articular en el
borde anterior de la primera costilla toracica, el caparazon
con el borde anterior amplio y recto y la zona posterior
estrechandose con margenes rectos.

Género Notoemys Cattoi y Freiberg, 1961

Cuenta con un caparazon relativamente suave, aplanado
y sin ornamentaciones, carece de supramarginales, cuenta
con dos suprapigiales, placas neurales mas anchas que largas
y una cicatriz iliaca que esta restringida a la costal 8.

Carpacho. En N. laticentralis, N. zapatocaensis y N.
tlaxiacoensis su forma es condiforme, en el caso de N.
oxfordiensis su forma subcuadrangular debido a que sus
bordes laterales resultan ser paralelos. El carapacho de los
representantes de este género es relativamente pequefio
en tamafio con un maximo aproximado de 30 cm para N.
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laticentralis, N. zapatocaensis y N. oxfordiensis, en el caso
de N. tlaxiacoensis la longitud aproximada se estima en 35
cm, lo cual lo convertiria en el ejemplar de mayor tamario
conocido para el género Notoemys (Lopez-Conde, 2016).
De forma general el caparazon no presenta protuberancias
u ornamentaciones tanto en el borde como en toda su
superficie. En ninguno de los ejemplares se observa la
presencia de supramarginales (Figura 7).

Placas 6seas. Nucal: es mas ancha que larga y de
forma hexagonal en N. laticentralis, N. zapatocaensis, y
N. oxfordiensis. En N. tlaxiacoensis este elemento no se
conservo. Neurales: la forma de las placas neurales es la
siguiente: N. laticentralis, n1 = hexagonal, n2 = rectangular,
n3 = octagonal, n4 = rectangular, n5 — n8 hexagonal; N.
zapatocaensis, nl —n2 = hexagonal, n3 = octagonal, n4 =
rectangular, n5 = hexagonal, n6 = irregular, n7 = hexagonal,

Figura 4. Carapacho y plastron de Notoemys zapatocaensis (MGIRG IPN 15-EAC 140120031). Fotografias proporcionadas por el Gedlogo Mauricio

Pardo Jaramillo. Escala grafica igual a 10 cm.
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n8 = trapezoidal; N. oxfordiensis, nl = hexagonal, n2
= rectangular, n3 = octagonal, n4 = rectangular, n5 =
hexagonal, n6 = irregular. Es importante mencionar que las
seis neurales se han conservado como impresion y de las
n7 y n8 se desconoce su forma. N. tlaxiacoensis nl —n8 =
hexagonales. Suprapigial 1: En N. laticentralis su forma es
trapezoidal, en N. zapatocaensis y N. tlaxiacoensis su forma
es rectangular y en N. oxfordiensis no se conoce. Suprapigial
2: en N. laticentralis su forma es subhexagonal, en N.

zapatocaensis su forma es pentagonal, y en N. oxfordiensis
y N. tlaxiacoensis no se conoce su forma. Pigial: en N.
laticentralis su forma es rectangular, en N. zapatocaensis
su forma es irregular, y en N. oxfordiensis y N. tlaxiacoensis
no se conoce. Costales: de forma general resultan ser mas
anchos que largos en todas las especies, en N. laticentralis
su forma puede ser hexagonal o rectangular, en N.
zapatocaensis su forma es rectangular, en N. oxfordiensis
son impresiones en la roca y se pueden observar de forma

]
Figura 5. Carapacho y plastron de Notoemys oxfordiensis (MNHNCu-P). Fotografias proporcionadas por el Ing. Yasmani Ceballos 1zquierdo. Escala

grafica igual a 10 cm.

|
Figura 6. Carapacho y plastron de Notoemys tlaxiacoensis (IGM-4861). Escala grafica igual a 10 cm.
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Notoemys laticentralis Notoemys zapatocaensis

Figura 7. Carapachos de los repr del género Notoemys. Abreviaciones: nu, nucal; n, neural; sp, suprapigial; pg, pigial; c, costal; p, periféricas;
CE, cervical; V, vertebral; PL, pleural; M, marginal. Escala grafica igual a Scm.
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hexagonal e irregular y en N. tlaxiacoensis su forma puede
ser hexagonal o rectangular. Periféricas: en N. laticentralis
de la pl — p3 su forma es trapezoidal y de la p4 — pl1
subpentagonales. en N. zapatocaensis de la pl — p4 su
forma es cuadrada, de la p5 — p7 rectangulares y de la p8
- pl1 subpentagonales, en N. oxfordiensis de lapl - p3 su
forma es trapezoidal, de la p8 — p9 cuadradas, las restantes
no se conservaron, en N. tlaxiacoensis s6lo se conocen de
lapS —pll y su forma es subrectangular. De forma general
en todos los representantes las placas dseas periféricas son
mas largas que anchas.

Escudos corneos. Escudo cervical: en N. laticentralis y
N. zapatocaensis su forma es rectangular, en N. oxfordiensis
y N.tlaxiacoensis no se conservo. Escudos vertebrales:
de forma general los escudos vertebrales son mas anchos
que largos. En N. laticentralis v1 subcuadrangular,
v2 — v4 hexagonal, v5 heptagonal, en N. zapatocaensis
vl — v3 rectangular, v4 hexagonal, v5 heptagonal, en N.
oxfordiensis no se conocen, N. tlaxiacoensis v1 rectangular,
v2 — v4 hexagonal, v5 heptagonal. Escudos pleurales:
en N. laticeniralis pl — p3 pentagonales, p4 rectangular,
N. zapatocaensis pl — p3 pentagonales, p4 rectangular,
N.oxfordiensis no se conocen, N. tlaxiacoensis pl — p3
pentagonales, p4 rectangular. Escudos marginales: N.
laticentralis ml — m2 trapezoidal, m3 — m8 rectangular,
m9 pentagonal, m10 rectangular, m11 pentagonal, m12
rectangular, N. zapatocaensis ml — m2 rectangular, m3
oval, m4 — m8 rectangular, m9 pentagonal, m10 rectangular,
mll pentagonal. m12 rectangular, N. oxfordiensis y N.
tlaxiacoensis no se conocen.

Plastron. En el género Notoemys el plastron es de menor
tamafio con relacion al carapacho. El lobulo anterior es més
ancho y mas corto y el 1obulo posterior es el componente
mas largo del plastron. Tanto en N. laticentralis y N.
oxfordiensis el 1obulo anterior es redondeado y carece
de tuberosidades en el borde. N. zapatocaensis tiene el
l6bulo anterior recto con tuberosidades reducidas en ambas
esquinas laterales. En N. rlaxiacoensis no se conoce el
l6bulo anterior ni posterior. El plastrén estd firmemente
unido al caparazén por un puente corto, este tipo de unién
se mantiene por la insercion de contrafuertes en la zona
axilar e inguinal. La presencia de una o dos fontanelas en el
plastron se ha llegado a considerar como una evidencia de
dimorfismo sexual (Cadena-Rueda et al., 2013) (Figura 8).

Placas 6seas. Entoplastron: en N. laticentralis y N.
zapatocaensis es de forma romboidal y toca ligeramente
el borde del 16bulo anterior del plastron separando
completamente el epiplastrén. En N. oxfordiensis no
se extiende anteriormente para separar el epiplastron.
Epiplastron: es de forma trapezoidal en N. laticentralis,
N. zapatocaensis y N. oxfordiensis. Hioplastron: se puede
considerar similar en forma para los representantes del
género Notoemys. Es la zona donde se ubica la escotadura
axilar. Mesoplastron: varian las dimensiones de acuerdoa la
especie, observandose un menor tamafio en N. zapatocaensis
y unmayor tamafio en N. tlaxiacoensis. Es de forma triangular

y generalmente es mds largo que ancho y no hace contacto
con la linea media. Hipoplastron: es similar en forma en
todos los representantes de este género, pero resulta ser mas
ancho que largo en N. oxfordiensis y N. tlaxiacoensis. Es la
zona donde se ubica la escotadura inguinal. Xifiplastron:
similar en forma, pero varia en lo ancho de acuerdo a la
presencia de una fontanela hioplastron-xifiplastron ya que
en este caso es mas delgado el xifiplastron. Si se presenta
la fontanela solo en el hipoplastron-xifiplastron esta zona
resulta ser mas ancha.

Fontanela. Es importante mencionar al Gnico
representante del género Platychelys, que también es parte
de la familia Platychelyidae, P. oberndorferi (Wagner,
1853) presenta dos fontanelas una entre el hioplastron-
hipoplastron y la otra entre el hipoplastron-xifiplastron.
N. oxfordiensis presenta una sola fontanela entre el
hioplastron-hipoplastron. Por otro lado N. laticentralis y
N. zapatocaensis (paratipo) tienen una sola fontanela larga
que va desde el hioplastron-xifiplastrén. Cabe sefialar que
el holotipo de N. zapatocaensis de acuerdo a su descripcion
presenta en la parte posterior del plastron una fontanela entre
el hipoplastrén-xifiplastron. En N. tlaxiacoensis se observa
una fontanela en el area comprendida entre el hioplastron-
hipoplastron, se aprecia posteriormente la sutura de la linea
mediay se logra identificar al parecer una segunda fontanela
formada entre el hipoplastron-xifiplastrén. El nimero de
fontanelas y la forma de la escotadura anal que puede ser
en forma de "U" o "V" se puede utilizar como caracter
relacionado al dimorfismo sexual, esto se ha reportado
anteriormente durante la descripeion del paratipo de N.
zapatocaensis (Cadena-Rueda ef al., 2013).

Escudos cérneos. Intergular: De forma pentagonal,
similar en forma en N. laticentralis, N. zapatocaensis
vy N. oxfordiensis. Siendo mas delgado y largo en N.
laticentralis y N. oxfordiensis. En N. tlaxiacoensis no se
conservo. Gular: en N. laticentralis y N. oxfordiensis son
de forma triangular en N. zapatocaensis son rectangulares
por lo que tienen una mayor superficie de contacto con el
16bulo anterior ya que son mas anchos que largos. En N.
tlaxiacoensis no se conservd. Este escudo cubre la mayor
parte del entoplastréon. Humeral: en N. [aticentralis y N.
oxfordiensis son mas grandes y de forma casi pentagonal, en
cambio en N. zapatocaensis son mas de forma trapezoidal.
En N. tlaxiacoensis no se conservo. Este escudo cubre gran
parte del epiplastron y la parte anterior del hioplastron.
Pectoral: practicamente similares en forma y tamafio en
N. laticentralis y N. oxfordiensis, es ligeramente concavo
en el surco de la zona anterior y posterior del escudo. En
N. zapatocaensis el trazo del surco es mas recto tanto en
la porcion anterior y posterior ademas de no conservarse
la zona lateral. En N. tlaxiacoensis solo se conoce la parte
posterior de este escudo, el surco formado por el escudo
pectoral es ligeramente concavo anteriormente. De forma
general este escudo cubre la mayor parte del hioplastron
y se extiende en la porcion anterior del mesoplastron.
Abdominal: este escudo es practicamente similar en todos
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Notoemys laticentralis Notoemys zapatocaensis

Figura 8. Plastron de los repr del género N 1ys. Abreviaciones: ento, entoplastron; epi, epiplastron; hyo, hioy on; meso, mesoplastron;
hypo, hipoplastron; xifi, xifiplastron; Gu, gular; Ext, estragular; Hu, humeral; Pe, pectoral; Ab, abdominal; Fe, femoral; An, anal. Escala grafica igual a Sem.
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los representantes del género Nofoemys, con excepcioén
en N. zapatocaensis donde es mayor la superficie de este
escudo y al parecer no pasa el surco formado entre el
escudo abdominal y femoral sobre el mesoplastron. En los
demas representantes este escudo cubre la zona posterior
del hioplastron, practicamente todo el mesoplastron con
excepcion de su zona anterior y también el hipoplastron
faltdndole cubrir una porcién del area posterior. El surco
formado entre el escudo abdominal y femoral lateralmente
se ubica en la escotadura inguinal. Femoral: escudo similar
en los representantes del género Notoemys, este escudo
cubre la zona posterior del hipoplastron y la mayor parte
del xifiplastron. Anal: similar en formay dimensiones en N.
laticentralis y N. zapatocaensis, aunque variando la forma
de la escotadura anal. En N. tlaxiacoensis s6lo se conservo
una pequefia porcion lateral, en tanto en N. oxfordiensis esta
Z0ona no se conservo.

4. Discusion

Actualmente no existe duda alguna con relacion a la
pertenecia taxonomica de cada especie ubicada dentro del
género Notoemys, debido a que cada uno de ellas se apega a
la diagnosis propuesta para este género por Cattoi y Freiberg
(1961). El estudio morfoldgico se realizé con el caparazén
de las tortugas ya que es ¢l elemento mejor conservado,
este analisis morfologico se baso en con las placas dseas
y escudos corneos tanto del carapacho como del plastron,
haciendo notar en algunos casos la variabilidad morfolégica
y en otros, su similitud. Es importante resaltar que para
un estudio mas detallado de este grupo lo adecuado seria
contar con ejemplares lo mas completos posible, ya que de
esta forma se podrian observar si existen diferencias en los
demas elementos de su anatomia, y con ellos se brindarian
nuevos elementos para hacer una diagnosis mas robusta de
este grupo.

Recientemente se ha desatado una controversia con
relacion a la pertenencia al género Nofoemys del ejemplar
colectado en Cuba, esto debido a que investigadores cubanos
consideran pertinente mantener a este ejemplar como
originalmente fue descrito, Caribemys oxfordiensis (de la
Fuente y [turralde-Vinent, 2001) y no tomar en cuenta la
revision realizada por Cadena-Rueda y Gaffney (2005), en
donde mediante una revision de ambos géneros consideraron
que el ejemplar de Cuba debia ser reasignado y nombrado
como Notoemys oxfordiensis.

5. Implicaciones biogeogrificas

Notoemys es un género de tortugas fosiles ubicado
dentro de las Pan-Pleurodiras, estas tortugas tuvieron su
distribucién en Laurasia y Gondwana y posiblemente
utilizaron el corredor hispanico como su principal ruta
de dispersion, haciendo uso de los mares someros que se

originaron durante la fragmentacion de Pangea (Figura 9).
Notoemys ha sido encontrado en el Oxfordiano de Cuba
(N. oxfordiensis), en el Kimmerdgiano de México (V.
tlaxiacoensis), en el Titoniano de Argentina (N. laticentralis)
y en el Valanginiano de Colombia (N. zapatocaensis). Los
ejemplares mas antiguos se ubican en Laurasia donde
se encuentran los ejemplares de Cuba y México y que
posiblemente a partir del corredor hispanico se distribuyera
a América del Sur y posiblemente a Europa (Lopez-Conde,
2016). EI que unicamente este género de tortugas se
haya encontrado hasta el momento en América, se debe
posiblemente a que su origen fue durante la fragmentacion
temprana de Pangea, en algin punto del naciente corredor
hispanico que seria coincidente con la distribucion de masas
continentales y océanos durante el Jurasico Tardio (Storey,
1995). Se han descrito el mismo numero de ejemplares tanto
para América del Norte como América del Sur, pero atin asi
el registro f6sil de este grupo de tortugas continta siendo
escaso. Es relevante mencionar que al menos con este grupo
de tortugas no se cumplen las distintas teorfas, que hablan de
un intercambio faunistico del Mar de Tethis con direccion
al Proto-Pacifico a través del corredor hispanico como
ocurrio con otros reptiles marinos y peces (Gasparini, 1977;
Lopez-Conde, 2016). Se ha considerado que es igualmente
parsimonioso postular el origen del linaje Pan-Pleurodira
tanto en el hemisferio norte como en el hemisferio sur, pero
para algunos autores es mas plausible postular que Pan-
Pleurodira se originé en el hemisferio sur y que se disperso
hacia masas continentales vecinas, como la parte norte de
Pangea (Gaftney y Meylan, 1988). Para el género Notoemys
el registro fosil nos indica que posiblemente el origen de
estas tortugas pudo ser en durante el Jurdsico Tardio en algiin
punto del corredor hispanico (Lopez-Conde ef al., 2016).

6. Conclusiones

Los datos obtenidos mediante el estudio morfol6gico del
género Nofoemys en este trabajo amplia el conocimiento de
cada uno de los elementos 6seos y corneos del caparazon
de las especies ubicadas dentro de este género, y de como
estos elementos pueden llegar a ser similares o variar de
una especie a otra. Mediante esta revision se pudo observar
que cada una de las especies responde adecuadamente a la
diagnosis que originalmente se realizd para este género. Se
espera en un futuro obtener ejemplares de cada especie mas
completos y con estos nuevos materiales realizar un estudio
mas profundo y a detalle de otros caracteres que harian
mas robusta la diagnosis de estas especies, con lo que se
conocerian los huecos morfologicos existentes.

Con relacion a la controversia existente sobre la
ubicacion taxonomica del ejemplar de Cuba, Cadena-
Rueda y Gaflney (2005) llegaron a la conclusion de que
“Caribemys oxfordiensis” deberia colocarse dentro del
género Notoemys, esto basado en una reevaluacion de los
criterios diagnosticos proporcionados durante el estudio
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Figura 9. Distribucion del género Notoemys en Laurasia y Gondwana y ubicacion del corredor hispanico (Modificado de Lopez-Conde, 2016).

del ejemplar de Colombia. Actualmente Caribemys seria
una sinonimia de Notoemys y en los distintos estudios se
considera correcto esta reasignacion realizada por Cadena-
Rueda y Gaftney (2005).

Independientemente del origen geografico de Pan-
Pleurodira, es evidente que el género Notoemys se pudo
haber originado en Laurasia o en un sitio posiblemente
ubicado a lo largo del naciente corredor hispanico durante
el mismo Jurasico Tardio o quiza el Jurasico Medio, siendo
esto lo mas parsimonioso debido a la evidencia fosil y
las edades de dichos ejemplares. De esta forma el género
Notoemys hizo uso del corredor hispanico distribuyéndose
tanto en Laurasia, Gondwana y diversificandose en Europa
en el otro grupo de tortugas que completa la diversidad de
la Familia Platychelyidae. Con ayuda de la evidencia fosil
se puede observar que este grupo de tortugas no siguié el
patron de distribucion observado en otros reptiles marinos
y peces, los cuales se distribuyeron en el corredor hispanico
a partir del mar de Tethis (Lopez-Conde, 2016). Lo unico
que nos queda esperar es que el registro f6sil se enriquezca
con nuevos descubrimientos y nos brinden mas informacion
tanto taxonémica como biogeografica del género Notoemys.
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ARTICLE INFO ABSTRACT

Keywords: Turtles are typically imp of Late Ci vertebrate t North America,
Campanial and are considered a useful tool to define biogeographic patterns. In Mexico, Cretaceous turtles have been

El Gallo Formation
El Rosario
Laramidia

Late Cretaceous
North America
Testudinata

recorded in the states of Baja California, Chiapas, Chihuahua, Coahuila, Nuevo Le6n, Puebla, and Sonora;
specifically the state of Coahuila shows so far, the highest diversity of turtles. In this paper, the diversity of Late
Cretaceous turtles from the El Gallo Formation (Baja California) is revi . Previ , only ! ichels

speciosa was re ized in this F Based on fi with distinctive sculpture patterns four additional
taxa are ized, C victa, sp., Trionychidae indet., and cf. Chelydridae. With the re-
cognition of these new taxa, the knowledge of Cretaceous turtles diversity of the El Gallo Formation is increased.
This assemblage is unusual compared to other North American turtle assemblages because it suggests the pre-

sence of previously

patterns. Here we report the first record of Basilemys sp. from

the Late Cretaceous of Mexico and the presence of cf. Chelydridae on the western side of Laramidia.

1. Introduction

The Mesozoic fossil record of turtles from Mexico is important re-
garding their taxonomical and biogeographical implications. Mexico
has the southern-most Cretaceous localities in North America, so these
localities are a milestone for establishing latitudinal patterns of dis-
tribution (Brinkman, 2014). The first fossil record of a turtle recovered
in Mexico was found in the Late Cretaceous (Turonian) sediments in the
locality “Divisién de Peyotes” (Parras, Coahuila) reported by Aguilera
(1896). Among the specimens collected in this locality, there were shell
elements that Aguilera (1896) identified as Trionychidae. Subse-
quently, Mesozoic turtles from several Mexican localities ranging in age
from the Late Jurassic to the Late Cretaceous were reported (see
Appendix).

Now a days, the oldest fossil turtles known from Mexico are Jurassic
in age and are represented by the platychelyid Notoemys tlaxiacoensis,
recently discovered in the Sabinal Formation (Oaxaca) (Lépez-Conde
et al., 2015, 2016; Lépez-Conde and Alvarado-Ortega, 2017). The Early

* Corresponding author.

Cretaceous turtles from Mexico are known from only one locality, the
Tlayta quarry, near Tepexi de Rodriguez (Puebla), which include well-
preserved and compl peci that rep at least two species
(Reynoso et al., 2000). The Late Cretaceous fossil turtles have been
collected mostly in formations located in Northern Mexico, including
the Corral de Enmedio and Packard Shale formations of the Cabullona
Group in Sonora (Lucas et al., 1995), the Agua Nueva Formation in
Nuevo Leén (Ifrim, 2006), Aguja, Austin, Cafién del Tule, Cerro del
Pueblo, Eagle Ford, Indidura, Javelina, and Olmos formations in Coa-
huila, the San Carlos Formation in Chihuahua (Brinkman, 2014; Lopez-
Conde and Alvarado-Ortega, 2017), and the El Gallo Formation in Baja
California (Rodriguez-de la Rosa and Aranda-Manteca, 2000; Lépez-
Conde and Alvarado-Ortega, 2017). The southernmost record of Late
Cretaceous turtles in Mexico are from a Maastrichtian locality in the
Ocozocoautla Formation in Chiapas (Carbot-Chanona and Than-
Marchese, 2013; Brinkman, 2014). All the Cretaceous turtle records
from Mexico are summarized in the Appendix.

In this paper, the turtle assemblage from El Gallo Formation (Baja
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California) is reviewed and new occurrences are reported. This fossil
assemblage is of particular biogeographic interest because it is one of
the most Southwestern Late Cretaceous vertebrate assemblages that is
known for North America and is one of the few localities from the
western side of Laramidia. Previously, the only fossil turtle known from
this Formation was Naomichelys speciosa (Rodriguez-de la Rosa and
Aranda-Manteca, 2000; Romo de Vivar, 2011; Garcia-Alcantara, 2016).
This turtle is widely distributed in Canada and the USA (Joyce, 2017);
but in Mexico it has only been reported in Baja California. In order to
understand the turtle assemblage of the El Gallo Formation and its
biogeographic significance, all available fragments of turtles that have
been collected in the Formation, were examined. Even if they are poorly
preserved, small turtle shell fragments with or without ornamentation
could be sufficiently informative and lead to a precise taxonomic
identification.

2. Geological setting

The El Gallo Formation described by Kilmer (1963) is a rich fossi-
liferous geological unit that extends for about 7.5 km west of the town
El Rosario de Arriba (Baja California, México). Kilmer (1963) divided
the El Gallo Formation into La Escarpa, El Disecado, and El Castillo
members. This Formation is a deposit of 500-1300 m thick that covers
the La BocanaRoja Formation and overlies the Rosario Formation. All
three Formations are a part of the Late Cretaceous Peninsular Range
forearc basin complex (Renne et al., 1991). The stratigraphy of the
Formation indicates that the depositional environment was extremely
active; it has a retrogradational sequence of deposits from braided
fluvial systems, to a tidal subenvironment followed by a marine trans-
gression (Schile, 1974; Fulford and Busby, 1993; Fastovsky et al.,
2014). Currently, some studies are being carried out in order to describe
the depositional environment of this Formation, and to understand the
taphonomical processes that affected the fossils in this area (Fastovsky
personal communication).

The age of El Gallo was determined by high-resolution 40Ar/39Ar
coming from four rhyolite tuffs from the La Escarpa and El Disecado
members. This analysis suggests an age of 74.87 = 0.05Ma to
73.59 + 0.09 Ma, corresponding to the Late Campanian (Renne et al.,
1991). This Formation is the major outcrop of Cretaceous non-marine
rocks on the Pacific edge of North America (Morris, 1974a, 1976; Renne
et al., 1991; Fulford and Busby, 1993; Busby, 2004; Peecook et al.,
2014). Micro and macro vertebrate fossils have been recovered from El
Disecado member (Morris, 1974b, 1976; Renne et al., 1991; Romo de
Vivar, 2011; Garcia-Alcantara, 2016; Chavarria-Arellano, 2014, 2017;
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Chavarria-Arellano et al., 2018). Fiesta de Huesos, Motherload, OK,
ROS 51, and Tortugario are the sites within the El Gallo Formation
where the turtle shell remains studied herein were collected (Fig. 1).

3. Materials and methods

The majority of the fossil material studied here was collected in
different field seasons between 2004 and 2018, organized by the
Universidad Auténoma de México, an institution that has research
projects in order to collect, identify, and preserve fossils from the El
Gallo Formation. Previous collections were conducted by other in-
stitutions as well. For example, the staff of The Museum of Natural
History Los Angeles County (California) carried out a series of pa-
leontological expeditions in the area of Baja California. As a result of
these expeditions, an important collection of fossil vertebrates was
obtained, among which turtles are mentioned (Lillegraven, 1976). After
the prospecting by paleontologists from The Museum of Natural History
Los Angeles County (California) the work in this area was suspended,
except for sporadic expeditions by the staff of the Universidad Au-
ténoma de Baja California (Rodriguez-de la Rosa and Aranda Manteca,
2000).

The collection technique is simple; most of the shell fragments are
picked up from the surface and added to a collection bin. Generally,
sediment is collected in sacks from different localities, and in the la-
boratory, through a sieving technique, the shell fragments are re-
covered.

3.1. Institutional abbreviations

FMNH, Field Museum of Natural History, Chicago, U.S.A.; IGM,
Coleccién Nacional de Paleontologia “Maria del Carmen Perrillat”,
Instituto de Geologia, Universidad Nacional Auténoma de México,
Ciudad de México; LSUMNS, Louisiana State University Museum of
Natural Science; SECCP, Secretaria de Educacién y Cultura, Coleccién
Paleontoldgica, Coahuila, México; SMP, The State Museum of
Pennsylvania, Harrisburg, Pennsylvania, USA; USNM, National
Museum of Natural History, Smithsonian Institution, Washington, D.C.,
USA.

3.2. Material reviewed

Ten shell fragments were reviewed: IGM-11165, IGM-11166, IGM-
11167, IGM-11168, IGM-11169, IGM-11170, IGM-11171, IGM-11172,
IGM-11173, and IGM-11174.

Fig. 1. A: Map of the northwest of Mexico where the town of El Rosario (Baja California) is located. B: Localities in the El Gallo Formation where turtle shell

fragments were collected.
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A

Fig. 2. Fragments of turtle shell remains from the El Gallo Formation (Baja
California). All specimens in dorsal view: A-C, Naomichelys speciosa, three shell
fragments; A, IGM 11165; B, IGM 11166; C, IGM 11167. D, Trionychidae indet.,
one shell fragment; D, IGM 11168. E-G, Basilemys sp., three shell fragments; E,
IGM 11169; F, IGM 11170; G, IGM 1117. H, cf. Chelydridae, fragment of per-
ipheral plate; H, IGM 11172. I-J, Compsemys victa, two shell fragments; [, IGM
11173; J, IGM 11174. Scale bar represents 20 mm.

3.3. Comparative materials

The materials used for the comparison correspond to those pub-
lished by: Rodriguez-de la Rosa and Cevallos-Ferriz (1998), Stankey
(2006), Sullivan et al. (2013), Brinkman (2014), and Joyce et al.
(2014).

4, Systematic paleontology

TESTUDINATA Klein, 1760
PERICHELYDIA Joyce, 2017
HELOCHELYDRIDAE Nopcsa, 1928
NAOMICHELYS Hay, 1908
Naomichelys speciosa Hay, 1908

Referred specimen — IGM-11165 (Fig. 2A); IGM-11166 (Fig. 2B) and
IGM-11167 (Fig. 2C), three shell fragments.

Occurrence — Locality Motherload (30°04’35” N-115°46749" W),
near El Rosario town, Baja California, México. El Gallo Formation, Late
Cretaceous (Campanian).

Description — Due to the nature of the preservation of the plates, it
has not been possible to determine to which part of the carapace or
plastron they belong. They are three fragments of the shell with the
characteristic ornamentation of tubercles observed in N. speciosa. The
average size of the tubercules described here are 1-2 mm in height and
2mm in length, and dislocate easily from the surface. This fragments
were compared with the materials FMNH PR273 (Joyce et al., 2014). At
the El Gallo Formation the fragments belonging to N. speciosa are
abundant in many different localities, with N. speciosa being the most
abundant turtle in this Formation. Hence, it had been considered as the
only type of turtles recorded in this Formation.

Remarks — The North American helochelydrid record is restricted to
Naomichelys speciosa, which has been reported from the Aptian to
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Campanian. But a relatively wider diversity for this lineage is re-
cognized in the Cretaceous of Europe (Joyce et al., 2011; Joyce, 2017).
The geographical distribution of this clade is restricted to North
America and Europe, so in a way it demonstrates the faunal connection
between these continents during the Mesozoic (Hirayama et al., 2000).
Naomichelys speciosa differs from other members of Helochelydridae by
a series of unique characters in the skull and shell. Naomichelys speciosa
has an ornamented shell with tubercles high and delineated that shed
easily, those tubercles are 0-72 to 2mm in diameter (Joyce et al.,
2011). In the center of the shell the tubercles are low, narrow and
spaced, and sometimes are fused among them in chains of up four tu-
bercles (Joyce et al., 2014). The costals are mostly covered with large,
widely spaced tubercles that only fused with one another occasionally
towards the center of the carapace in pairs of two (Joyce et al., 2014).
The peripherals are covered with small, but widely spaced tubercles
(Joyce et al., 2014).

PAN-TRIONYCHIDAE Joyce et al., 2004
TRIONYCHIDAE Fittzinger, 1826
TRIONYCHIDAE indet.

Referred specimen — IGM-11168 (Fig. 2D), a single fragment of shell.

Occurrence — Locality ROS 51 (30°03’13” N-115°45" 34” W), near El
Rosario town, Baja California, México. El Gallo Formation, Late
Cretaceous (Campanian).

Description — The presence of a member of Trionychidae is docu-
mented by a shell fragment that displays the characteristic orna-
mentation of the carapace surface of the group, which consists of a
sculpturing pattern that can range from pits, to vermiculating ridges
(Danilov and Vitek, 2012; Vitek and Joyce, 2015). In the specimen from
the El Gallo Formation, the thin connected ridges display a honey
comb-like network pattern. This ornamentation pattern is similar to
some specimens that have been described from other formations in the
southern US and northern Mexico including the Fruitland/Kirland for-
mations (specimen SMP VP-1717 of Sullivan et al., 2013), the Agua
Formation (specimen LSUMNS 842:17736 of Stankey, 2006), and the
Cerro del Pueblo Formation (specimen SECCP 28/2431 of Brinkman,
2014). However, it has been recognized that in most cases the orna-
mentation is not a reliable character for the diagnosis of different
species in Trionychidae (e.g., Gardener and Russell, 1994). Thus, it is
not possible to assign this trionychid shell fragment from the El Gallo
Formation to a taxon below the level of Trionychidae.

Remarks — The shell fragments of trionychid turtles are the most
abundant in the different fossil assemblages in the Late Cretaceous lo-
calities in North America. Due to the pattern observed in the orna-
mentation of the materials from the El Gallo Formation, it is possible to
assign it to Trionychidae. The presence of trionychid shell fragments in
the western side of Laramidia has been documented in a specimen from
Vancouver Island (Canada) reported by Vavrek and Brinkman (2018).
The specimen from the El Gallo Formation extends the biogeographic
distribution of the Trionychidae to the state of Baja California.

NANHSIUNGCHELYIDAE Yeh, 1966
BASILEMYS Hay, 1908
Basilemys sp.

Referred specimen — IGM-11169 (Fig. 2E); IGM-11170 (Fig. 2F) and
IGM-11171 (Fig. 2G), three shell fragments.

Occurrence — Locality Tortugario (30°03’25” N - 115°45’37” W),
near El Rosario town, Baja California, México. El Gallo Formation, Late
Cretaceous (Campanian).

Description — Three shell fragments are identified as being from
Basilemys on the basis of the ornamentation, which consists of linearly
arranged shallow pits with small pyramidal elevations between them.
As in specimens of Basilemys from the Aguja Formation described by
Stankey (2006), the depressions are shallow and oval, about 1 mm deep
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and up to 4 mm in diameter; there are approximately 4 depressions per/
cm. The position of these fragments on the shell is uncertain because of
their fragmentary nature. This is the first record of Basilemys sp. for
Mexico. The comparison material corresponds to LSUMNS 834: 17706
and LSUMNS 746: 17618 (Stankey, 2006) and USNM 11084 (Sullivan
et al., 2013).

Remarks — The genus Basilemys is the only North American re-
presentative of the clade Nanhsiungchelyidae (Joyce and Norell, 2005).
This turtle genus is restricted to the Late Cretaceous (Hutchison and
Archibald, 1986).

PAN - CHELYDRIDAE Joyce et al., 2004
CHELYDRIDAE Swainson, 1839
c.f. CHELYDRIDAE

Referred specimen — IGM-11172 (Fig. 2H), a single fragment of a
peripheral plate.

Occurrence — Locality Fiesta de huesos (30°0332” N-115°45'28"
W), near El Rosario town, Baja California, México. El Gallo Formation,
Late Cretaceous (Campanian).

Description — The presence of a possible Chelydridae in the El Gallo
Formation is documented by a fragment of peripheral plate showing a
deep, well-marked sulcus with a change in elevation across the sulcus
and plications extending posteriorly from the sulcus (Hutchison and
Archibald, 1986). These features were considered characteristic of
Cretaceous members of the Chelydridae by Rodriguez-de la Rosa and
Cevallos-Ferriz (1998), and Brinkman (2014) because the first three
peripherals with these features show a deep groove for the cruciate
process of the nuchal. The sculpture in some Cretaceous kinosternoids is
similar but it tends to be more strongly developed. Although this
fragment of peripheral plate of the El Gallo Formation is damaged, the
development of sculpturing on its surface is comparable to the elements
that have been identified as chelydrid, such as the examples from the
Cerro del Pueblo Formation (Brinkman, 2014). The comparison mate-
rials from the Cerro del Pueblo Formation are in the collections of the
Secretaria de Educacién y Cultura, Coleccién Paleontolégica (Coahuila)
and in the Museo del Desierto, Saltillo (Coahuila). This material was
presented by Brinkman (2014).

Remarks — Chelydrids are widely distributed in Late Cretaceous
localities of North America. However, they have a disjunct distribution
in this area. They are present in the Cafién de Tule and Cerro del Pueblo
formations of Coahuila, Mexico (Rodriguez de la Rosa and Cevallos-
Ferriz, 1998) and in the Kirkland Formation of Utah (Brinkman, 2014).
Chelydridae have not been identified in the well documented assem-
blages of the Aguja Formation (Stankey, 2006) nor in the Fruitland/
Kirkland formations of Utah (Sullivan et al., 2013). The specimen from
the El Gallo formation could provide an additional record of the group
in the southern part of North America and it could correspond, in that
case, to the first evidence of the group on the western side of Laramidia.

TESTUDINES Batsch, 1788
PARACRYPTODIRA Gaffney, 1975
COMPSEMYDIDAE Pérez-Garcia et al., 2014
COMPSEMYS Leidy, 1856

Compsemys victa Leidy, 1856

Referred specimen — IGM-11173 (Fig. 2I) and IGM-11174 (Fig. 2J),
two fragments of shell.

Occurrence — Locality OK (30°04’02N-115°47°05W), near El
Rosario town, Baja California, México. El Gallo Formation, Late
Cretaceous (Campanian).

Description — According to the type of ornamentation, these two
fragments could correspond to two fragments of peripherals plates. The
tubercles of the shell are small and low, and the shell ornamentation
pattern is composed of compactly arranged small tubercles in a ver-
micular pattern. Moreover, here we are providing the first record of
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Compsemys victa in the westernmost side of Laramidia. The comparison
material corresponds to IGM-7695, IGM-7696, IGM-7697, IGM-7698,
IGM-7699 (Rodriguez-de la Rosa and Cevallos-Ferriz, 1998), LSUMNS
842: 17736 (Stankey, 2006), SMP VP-1717 (Sullivan et al., 2013), and
SECCP 28/2431 (Brinkman, 2014).

Remarks — Compsemydidae is the sister clade of Baenoidea and has
two representatives, Compsemys victa and Berruchelus russelli (Pérez-
Garcia, 2012). Compsemys victa is restricted to the Late Cretaceous
(Campanian) to Paleocene of North America (Gaffney, 1972; Hutchison
et al., 1998; Brinkman and Rodriguez-de la Rosa, 2006; Lyson and
Joyce, 2011) and Berruchelus russelli to the Paleocene (Thanetian) of
France (Pérez-Garcia, 2012). In the Campanian of North America, it has
a distinctly southern distribution and is often abundant in localities in
which it occurs. Leidy (1856) described C. victa on the basis of shell
fragments that have a peculiar ornamentation consisting of small,
glazed, and closely spacedtubercles that may form sinuous strands.
Specimens of Compsemys victa from the Cerro del Pueblo Formation
showing this ornamentation were illustrated by Brinkman (2014). This
kind of ornamentation is unknown in other turtles, and its presence
allows even small fragments to be confidently identified. Previously, C.
victa was only known in Mexico from the Ramos Arizpe and General
Cepeda regions of Coahuila (Rodriguez-de la Rosa and Cevallos-Ferriz,
1998). Thus, the presence of C. victa in the El Gallo Formation extends
its geographic range to Baja California, Mexico.

5. Conclusions

Although fragmentary remains of turtle shells contribute little to the
understanding of the evolutionary relationships of turtles, they can
often be identified to family or lower taxonomic group based on surface
texture and thus provide data about the diversity and relative abun-
dance of turtles present in fossil assemblages. The turtles from the El
Gallo Formation are particularly significant in this regard because of its
geographic location. The El Gallo Formation vertebrate assemblage is
located further south compared to other well-known Late Cretaceous
vertebrate assemblage and this is the only diverse assemblage of ter-
restrial Late Cretaceous vertebrates from the western side of Laramidia.
In order to evaluate the biogeographic significance of the El Gallo as-
semblage, it was compared with the turtle assemblages from the Cerro
del Pueblo, Aguja, and Fruitland/Kirkland formations. The age of the El
Gallo Formation, which has been dated between 74.87 = 0.05Ma to
73.59 + 0.09 Ma, is equivalent to the Fruitland/Kirkland Formation,
which is approximately 75 to 72.8 Ma. (Sullivan et al., 2013), and is
slightly older than the Cerro del Pueblo Formation, which has a max-
imum age of 72.5Ma (Eberth et al., 2004).

Previously, the only record of Testudinata in the El Gallo Formation
was Naomichelys speciosa (Rodriguez-de la Rosa and Aranda-Manteca,
2000). This is the most abundant turtle in the assemblage, occurring in
all localities from which vertebrate remains have been collected. A
notable difference between El Gallo Formation and other Late Campa-
nian assemblages of the Western Interior is the presence of Naomichelys
speciosa. Elsewhere in North America, this taxon last occurs in the lower
half of the Foremost Formation of Alberta, which is approximately
79Ma. Although the sample size is small, four other taxa have been
recognized in the assemblage. This is the first report of Basilemys sp. for
Mexico. In addition, we present evidence that expands the geographic
distribution of Compsemys victa and Trionychidae and we provide the
first possible evidence of Chelydridae on the western side of Laramidia
(Fig. 3).

The turtle assemblage of the El Gallo Formation is similar to that of
the Cerro del Pueblo and Fruitland/Kirkland formations with the pre-
sence of Compsemys victa, a taxon that Brinkman (2003) identified as
having a southern distribution. A significant difference from the turtle
assemblage of the Cerro del Pueblo Formation is the presence of Ba-
silemys sp. This turtle is widely distributed in Laramidia during the Late
Campanian, extending from the Dinosaur Park and Horseshoe Canyon

61



0.A. Ldpez-Conde et al.

Journal of South American Earth Sciences 88 (2018) 693-699

Fig. 3. Geographic distribution of the five taxa identified in
the El Gallo Formation (Late Cretaceous) in North America
(only the states where those taxa appear are marked): AB,
Alberta; AL, Alabama; AR, Arizona; BJ, Baja California; BC,
British Columbia; CA, California; CH, Chihuahua; COA,
Coahuila; CO, Colorado; DE, Delaware; GA, Georgia; MD,
Maryland; MO, Missouri; MT, Montana; NC, North Carolina;
ND, North Dakota; NJ, New Jersey; NM, New Mexico; NV,
Nevada; OK, Oklahoma; SA, Saskatchewan; SD, South
Dakota; SO, Sonora; TX, Texas; UT, Utah and WY, Wyoming.

V2 M. speciosa @ C.victa ¥ Trionychidae @ Chelydridae + Basile

formations in Alberta (Canada) to the Aguja Formation in Texas (USA),
but it has not been recovered from the Cerro del Pueblo Formation in
Coahuila (Mexico). Its presence in the El Gallo Formation suggests that
its absence in the Cerro del Pueblo Formation could be a result of local
and ecological factors, rather than caused by broad geographic pat-
terns. However, the effect of sample size cannot be ruled out.
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Known record of Cretaceous turtles from Mexico (modified from Lépez-Conde et al., 2016).

Taxa State Age Formation Reference
cf.Araripemydidae Puebla Albian Tlaytia Reynoso et al. (2000)
Turtle sp. indet.  Puebla Albian Tlayda Reynoso et al. (2000)
Turtle sp. indet Nuevo Leén Turonian Agua Nueva  Ifrim (2006)
cf. Trionychidae = Coahuila Turonian Indidura Brinkman (2014)
cf. Protostegidae  Coahuila Turonian Eagle Ford Unpublished
cf. Protostegidae ~ Coahuila Turonian Eagle Ford Unpublished
cf. Trionychidae = Coahuila Turonian Cerro del Aguilera (1896)
Pueblo
cf. Protostegidae ~ Coahuila Santonian- Austin Unpublished
Campanian
cf. Trionychidae ~ Chihuahua Campanian San Carlos Reynoso (2006), Brinkman (2014)
cf. Trionychidae  Chihuahua Campanian Javelina Reynoso (2006), Brinkman (2014)
Turtle sp. indet. ~ Chihuahua Campanian Aguja Reynoso (2006), Brinkman (2014)
Naomichelys Baja Campanian El Gallo Rodriguez-de la Rosa and Aranda-Manteca (2000), Lépez-Conde and
speciosa California Alvarado-Ortega (2017)
Compsemys victa  Baja Campanian El Gallo This study
California
Basilemys sp. Baja Campanian El Gallo This study
California
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Trionychidae Baja Campanian El Gallo
indet. California
cf. Chelydridae Baja Campanian El Gallo
California
cf. Trionychidae  Sonora Campanian Corral de
Enmedio
cf. Trionychidae  Sonora Campanian Packard
cf.Bothremys sp. Coahuila Campanian Olmos
Mexichelys Coahuila Campanian Cerro del
coahuilensis Pueblo
cf.Bothremys sp. Coahuila Campanian Cerro del
Pueblo
cf.Chedighaii sp.  Coahuila Campanian Cerro del
Pueblo
Compsemys victa  Coahuila Campanian Cerro del
Pueblo
cf.Neurankylus sp. Coahuila Campanian Cerro del
Pueblo
cf. Chelydridae Coahuila Campanian Cerro del
Pueblo
cf. Hoplochelys sp. Coahuila Campanian Cerro del
Pueblo
cf. Kinosternidae ~ Coahuila Campanian Cerro del
Pueblo
cf.Adocus sp. Coahuila Campanian Cerro del
Pueblo
cf. Trionychidae = Coahuila Campanian Cerro del
Pueblo
Yelmochelys Coahuila Campanian Cerro del
rosarioae Pueblo
Yelmochelys Coahuila Maastrichtian Cafén del Tule
rosarioae
cf. Trionychidae  Coahuila Maastrichtian Cafién del Tule
cf. Kinosternidae ~ Coahuila Maastrichtian Cafén del Tule
cf. Hoplochelyssp. Coahuila Maastrichtian Cafén del Tule
cf.Chelydridae Coahuila Maastrichtian Cafién del Tule
Turtle sp. indet.  Chiapas Maastrichtian Ocozocoautla
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This study

This study

Lucas et al. (1995)

Lucas et al. (1995)

Unpublished

Brinkman et al. (2009), Parham and Pyenson (2010)

Brinkman and Rodriguez-de la Rosa (2006)

Brinkman and Rodriguez-de la Rosa (2006)

Brinkman (2014)

Brinkman (2014)

Brinkman (2014)

Rodriguez-de la Rosa and Cevallos-Ferriz (1998), Brinkman and
Rodriguez-de la Rosa (2006)

Brinkman (2014)

Brinkman (2014)

Reynoso (2006), Brinkman and Rodriguez-de la Rosa (2006), Brinkman
(2014)

Brinkman et al. (2016)

Brinkman et al. (2016)

Reynoso (2006), Brinkman and Rodriguez-de la Rosa (2006), Brinkman
(2014)

Brinkman, 2014

Rodriguez-de la Rosa and Cevallos-Ferriz (1998)

Rodriguez-de la Rosa and Cevallos-Ferriz (1998), Brinkman (2014)
Carbot-Chanona and Than-Marchese (2013)

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/].jsames.2018.10.005.
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ABSTRACT

Fragments of turtle shell are known from several Upper Cretaceous formations in Mexico, including Corral de
Enmedio and Packard Shale, Sonora; Aguja and Cerro del Pueblo, Coahuila; San Carlos, Chihuahua; El Gallo,
Baja California; and Ocozocoautla, Chiapas. Turtles are important members of Upper Cretaceous vertebrate
assemblages throughout North America and are considered a useful tool to define biogeographic patterns. The
Upper Cretaceous sedimentary rocks exposed in the Aguja Formation record the final transgressive/regressive
sequence of the Western Interior Cretaceous Seaway and the subsequent transition from a marine to terrestrial
environment. The total area of outcrops is small compared to correlative exposures of these strata elsewhere in
North America, in spite of this, numerous invertebrate and vertebrate fossils have been collected. The Aguja
Formation in Texas preserves one of the southernmost well-studied Upper Cretaceous (Campanian) terrestrial
vertebrate faunas in North America; contrary to what happens with the outcrops in northern Chihuahua, where
the record of terrestrial vertebrates is scarce and especially those related to Testudines. Non-marine strata of the
Aguja Formation do not appear to be present farther south in Mexico, and this is the reason why the Aguja fauna
is relevant to documenting latitudinal variation in Campanian continental faunal associations. In this paper, the
richness of Upper Cretaceous turtles collected from three localities within the Aguja Formation in Chihuahua is
reviewed. Six taxa are recognized based on shell fragments with distinetive sculpture patterns: stem cryptodires,
including cf. idae, c.f. De nodosa and cf. Compsemys victa, and crown group cryptodires including
trionychians (trionchids and Basilemys sp.) and a kinosternoid (cf. Yelmochelys rosarioae). With the recognition of
these taxa, new records are reported for the Aguja Formation (e.g. cf. Yelmochelys rosarioae) and Mexico (e.g. c.f.
Denazinemys nodosa). The knowledge of Cretaceous turtle richness of the Aguja Formation and Mexico is in-
creased and confirms the proposal of the variability richness along the North American localities. This latitudinal
variability suggests that at any time turtles would have had a climatically controlled northern limit of dis-
tribution, and the richness of turtles would have decreased as this limit was reached.

1. Introduction

The Mesozoic fossil record of turtles from Mexico is important re-
garding their taxonomical and biogeographical implications (Lopez-

The Aguja Formation outcrops in southern Texas has been in-
tensively studied, and important continental assemblages including
dinosaurs, lizards, crocodiles, mammals, turtles, and pterosaurs, among
others, have been described (Lehman et al., 2019). Contrary in Mexico,
it is one of the least studied formations because of its outcrops are not
very accessible for their study. Despite this, some efforts had been made
to collect and study the Upper Cretaceous fossil remains from the north
of Chihuahua.

* Corresponding author.

Conde et al. (2018a), 2018b). The southern-most Cretaceous localities
in North America are located in Mexico, so fossil content is a milestone
for establishing latitudinal patterns of distribution (Brinkman, 2014).
During the last years the record of Mesozoic turtles in Mexican localities
has increased, records from the Late Jurassic to the Late Cretaceous
have been reported (Table 1). All turtle specimens described in this
study are fragmentary and consist of plate fragments belonging to the
carapace of several individuals. Despite of the state of conservation of
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Table 1
Known record of Mesozoic turtles from Mexico (modified from Lopez-Conde et al., 2018a).

Taxa State Age Formation Reference

Notoemys tlaxiacoensis Oaxaca Kimmeridgian  Sabinal Lépez-Conde et al. (2015, 2017)

Turtlesp. indet Oaxaca Kimmeridgian  Sabinal Lépez-Conde (2016)

cf. Araripemydidae Puebla Albian Tlayda Reynoso et al. (2000)

Turtlesp. indet Nuevo Ledén Turonian Agua Nueva Ifrim (2006)

Trionychidae indet. Coahuila Turonian Indidura Brinkman (2014)

Protostegidae indet. Coahuila Coniacian Eagle Ford Lépez-Conde et al. (2018b)

Protostegidae indet. Coahuila Coniacian Eagle Ford Lépez-Conde et al. (2018b)

cf. Trionychidae Coahuila Turonian Cerro del Pueblo Aguilera (1896)

Desmatochelys cf. D. lowii  Coahuila Campanian Austin Lépez-Conde et al. (2019b)

Trionychidae indet. Chihuahua Campanian San Carlos Brinkman (2014)

Trionychidae indet. Chihuahua Campanian Javelina Brinkman (2014)

Baenidae indet Chihuahua Campanian Aguja This study

Denazinemys nodosa Chihuahua Campanian Aguja This study

Trionychidae indet. Chihuahua Campanian Aguja This study

Yelmochelys rosarioae Chihuahua Campanian Aguja This study

Basilemys sp. Chihuahua Campanian Aguja This study

Compsemys victa Chihuahua Campanian Aguja This study

Scabremys ornata Chihuahua Campanian Aguja Lopez-Conde et al. (2019a)

Naomichelys speciosa Baja California ~Campanian El Gallo Rodriguez-de la Rosa and Aranda-Manteca (2000), Lépez-Conde and Alvarado-Ortega, 2017,
Lépez-Conde et al., 2018a)

Compsemys victa Baja California ~Campanian El Gallo Lépez-Conde et al. (2018a)

Basilemys sp. Baja California ~Campanian El Gallo Lépez-Conde et al. (2018a)

Trionychidae indet. Baja California ~Campanian El Gallo Lépez-Conde et al. (2018a)

cf. Chelydridae Baja California ~Campanian El Gallo Lépez-Conde et al. (2018a)

cf. Trionychidae Sonora Campanian Corral de Enmedio  Lucas et al. (1995)

cf. Trionychidae Sonora Campanian Packard Lucas et al. (1995)

Bothremydidae indet. Coahuila Campanian Olmos Lépez-Conde and Alvarado-Ortega, (2017)

Mexichelys coahuilensis Coahuila Campanian Cerro del Pueblo Brinkman et al. (2009), Parham and Pyenson (2010)

cf. Bothremys sp. Coahuila Campanian Cerro del Pueblo Brinkman and Rodriguez-de la Rosa (2006)

cf. Chedighaii sp. Coahuila Campanian Cerro del Pueblo Brinkman and Rodriguez-de la Rosa (2006)

Compsemys victa Coahuila Campanian Cerro del Pueblo Brinkman (2014)

cf. Neurankylus sp. Coahuila Campanian Cerro del Pueblo Brinkman (2014)

cf. Chelydridae Coahuila Campanian Cerro del Pueblo Brinkman (2014)

cf. Hoplochelys sp. Coahuila Campanian Cerro del Pueblo Rodriguez-de la Rosa and Cevallos-Ferriz (1998), Brinkman and Rodriguez-de la Rosa (2006)

cf. Kinosternidae Coahuila Campanian Cerro del Pueblo Brinkman (2014)

cf. Adocus sp. Coahuila Campanian Cerro del Pueblo Brinkman (2014)

cf. Trionychidae Coahuila Campanian Cerro del Pueblo Brinkman and Rodriguez-de la Rosa (2006), Brinkman (2014)

Yelmochelys rosarioae Coahuila Campanian Cerro del Pueblo Brinkmanet al. (2016)

Yelmochelys rosarioae Coahuila Maastrichtian ~ Candn del Tule Brinkmanet al. (2016)

cf. Trionychidae Coahuila Maastrichtian ~ Candn del Tule Brinkman and Rodriguez-de la Rosa (2006), Brinkman (2014)

cf. Kinosternidae Coahuila Maastrichtian ~ Candn del Tule Brinkman (2014)

cf. Hoplochelys sp. Coahuila Maastrichtian ~ Canén del Tule Rodriguez-de la Rosa and Cevallos-Ferriz (1998)

cf. Chelydridae Coahuila Maastrichtian ~ Candn del Tule Rodriguez-de la Rosa and Cevallos-Ferriz (1998), Brinkman (2014)

Turtle sp. indet. Chiapas Maastrichtian ~ Ocozocoautla Carbot-Chanona and Than-Marchese (2013)

the shell fragments, its ornamentation and carapace features are suffi-
ciently informative for its taxonomic identification. Although many of
the specimens are simply fragments, it is nonetheless worth noting their
presence for the purpose of gaining a clearer picture of the total rich-
ness.

This manuscript presents information related to turtle shell frag-
ments collected in three localities located within Aguja Formation
(Altares, Dueto Miseria and Las Garzas) in the north of the state of
Chihuahua (Fig. 1A) and the shell fragments described belong to cf.
Baenidae, cf. Denazinemys nodosa, cf. Compsemys victa, Trionychidae
indet, Basilemys sp., and cf. Yelmochelys rosarioae. This improves not
only the taxonomic turtle richness but also the previous geographical
distribution.

2. Geological setting

The Aguja Formation is constituted by Upper Cretaceous sedimen-
tary rocks which outcrops in Texas (Trans-Pecos region and Big Bend
National Park in United States), Coahuila and Chihuahua (Mexico).
According to Lehman et al. (2019), the Aguja Formation is configurated
by two westward-thinning intervals of terrestrial strata (the lower and
upper shale members) separated by a westward-thinning wedge of in-
terposed marine strata. The lithology of the terrestrial strata is an in-
tercalation of sandstones and claystones. The sandstones predominate

in the lower section of the Formation, they are light brown to yellowish,
primary sedimentary structures are present and fossil pelecypods as
well. On the other hand, the claystones are white to greenish gray, some
of them have pyrite with coal layers. At the top of the Formation is very
common to find petrified wood and sometimes dinosaur bones. The
outcrops of the Aguja Formation are aligned on an NW-SE strip, with
75 km of length and 8 km wide from Ejido Nuevo Lajitas, the age of
these rocks is Campanian for the vertebrate and invertebrate fossils
(Cabrera et al., 1982), their thickness is variable around 250-400 m;
the variation of the lithology and fossil evidence indicates a gradational
change from a proto-deltaic environment to deltaic front (Lehman
et al., 2019). The upper portion of the Formation suggests a deltaic
progradation plain. (Adkins, 1932; Maxwell and Dietrich, 1965;
Lehman, 1985). The vertebrate fossils have been collected almost ex-
clusively in the layers underlying the pyroclastic deposits of 77-73 Ma
(Befus et al., 2008) and overlying beds yielding ammonites (Scaphites
hippocrepis), that corresponds to the biozone that has an estimate age of
82 Ma. (Gradstein et al., 2012; Lehman et al., 2019). Few vertebrate
fossils have been reported above the pyroclastic layers (Breyer et al.,
2007). Benammi and Montellano-Ballesteros (2006), collected samples
from five sections for magnetostratigraphic analysis, and all of them
have normal polarity which correlates to the Chron C33n.1n and cor-
responds to the Upper Campanian age. Turtle fragments are relatively
common in Aguja Formation, and they occur in the upper shale member
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Fig. 1. A: Location of the state of Chihuahua, Mexico. B: Localities where turtle shell fragments were collected within the Aguja Formation, Late Cretaceous

(Campanian).

(Tomlinson, 1997). For this study, shell fragments from three localities
in northern Chihuahua are described, these localities are Altares, Dueto
Miseria and Las Garzas (Fig. 1B).

3. Paleolatitudes and ages of the North America assemblages

The paleolatitudes of the Aguja, Fruitland-Kirkland, Kaiparowits,
Judith River, Cerro del Pueblo, Horseshoe Canyon and St. Mary River
formations were proposed by Scotese and Golonka (1992) and that of El
Gallo Formation was suggested by Ward et al. (1997) and Miller et al.
(2006).

The comparison includes assemblages from Aguja Formation, Texas
(Tomlinson, 1997; Lehman et al., 2019, and this study). Sankey and
Gose (2001), used magnetostratigraphy to date the Aguja Formation at
about 74 Ma. The paleolatitude for the Aguja Formation was placed
about 40°N during the Late Cretaceous. The age of Fruitland-Kirkland
formations, New Mexico (Lehman, 1981), was determined by Fassett
and Steiner (1997) who dated the ash beds within the unit about 75.5 to
73 Ma. The paleolatitude for the San Juan Basin exposures of the
Fruitland and Kirtland formations was placed about 45°N during the
Late Cretaceous. The age of Kaiparowits Formation, Utah (Hutchison
et al.,, 1998), was determined as 76 Ma based on pollen and spores
(Nichols, 1997). The paleolatitude for the Kaiparowits Formation was
placed about 47°N during the Late Cretaceous. Judith River Formation,
Montana (Hutchison and Archibald, 1986; Hutchison et al., 1998) is
stratigraphically equivalent to the Judith River Group of Alberta
(Hutchison et al., 1998). The Judith River Group has been dated
radiometrically to extend from 79.14 to 75 Ma (Eberth, 1992). The
paleolatitude for the Judith River Formation (Montana) was placed
about 56°N and the paleolatitude for the Judith River Group (Alberta)
was placed about 58°N during the Late Cretaceous. A late Campanian
age was determined for Cerro del Pueblo Formation, Coahuila, using
ammonite occurrences (Rodriguez-de la Rosa and Cevallos-Ferriz,
1998). The magnetostratigraphic studies concluded that the Cerro del
Pueblo Formation was deposited during the magnetochron zones
32n.3r-32n.2n (Eberth et al., 2004). This interval is interpreted as
72.5 Ma (Lerbekmo and Braman, 2002). The paleolatitude for the Cerro
del Pueblo Formation was placed about 32°N during the Late Cretac-
eous. The age of El Gallo Formation, Baja California, was determined by
high-resolution 40Ar/39Ar coming from four rhyolite tuffs from El

Disecado member. This analysis suggests an age of 74.87 + 0.05Mato
73.59 * 0.09 Ma, corresponding to the late Campanian (Renne et al.,
1991). The paleolatitude for the El Gallo Formation was placed about
40°N during the Late Cretaceous. Horseshoe Canyon and St. Mary River
formations were determined 72 Ma to 70 Ma corresponding to the
Campanian-Maastrichtian (Brinkman, 2003). The paleolatitude for the
Horseshoe Canyon Formation was placed about 60°N and the paleola-
titude for St. Mary River Formation was placed about 59°N during the
Late Cretaceous.

4. Materials and methods

Most of the fossil material studied here was collected during dif-
ferent field seasons between 2000 and 2005, organized by staff of the
Universidad Nacional Auténoma de México. As a result of these ex-
peditions, an important collection of fossil vertebrates was obtained,
among which turtles are just mentioned (Andrade-Ramos, 2003;
Monroy-Mujica, 2009; Torres-Rodriguez et al., 2010; Lépez-Conde and
Alvarado-Ortega, 2017, 2019c). The shell fragments were picked up
from the surface and added to a collection bin.

4.1. Institutional abbreviations

CPC, Colecciéon Paleontolégica de Coahuila Saltillo, Coahuila
México.; FMNH, Field Museum of Natural History, Chicago, U.S.A.;
IGM, Colecciéon Nacional de Paleontologia “Maria del Carmen
Perrilliat”, Instituto de Geologia, Universidad Nacional Auténoma de
México, Ciudad de México; LSUMNS, Louisiana State University
Museum of Natural Science, USA; SECCP, Secretaria de Educacién y
Cultura, Coleccién Paleontolégica, Coahuila, México; SMP, The State
Museum of Pennsylvania, Harrisburg, Pennsylvania, USA; USNM,
National Museum of Natural History, Smithsonian Institution,
Washington, D.C., USA.

4.2. Studied material

Thirty shell fragments were reviewed: IGM-11484, IGM-11485,
IGM-11486, IGM-11487, IGM-11488, IGM-11489, IGM-11490, IGM-
11491, IGM-11492, IGM-11493,IGM-11494, IGM-11495, IGM-11496,
IGM-11497, IGM-11498, IGM-11499, IGM-11500, IGM-11501, IGM-
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11502, IGM-11503, IGM-11504, IGM-11505, IGM-11506, IGM-11507,
IGM-11508, IGM-11509, IGM-11510, IGM-11511, IGM-11512 and
IGM-11513.

4.3. Comparison materials

The material used for comparison corresponds to those published
by: Rodriguez-de la Rosa and Cevallos-Ferriz (1998), Sankey (2006),
Lucas and Sullivan (2006), Tomlinson (1997), Sullivan et al. (2013),
Brinkman (2014), Brinkman et al. (2016), Lépez-Conde et al. (2018a),
Lehman et al. (2019).

5. Systematic paleontology

TESTUDINATA Klein, 1760.

PARACRYPTODIRA Gaffney (1975)

cf. BAENIDAE. Cope (1873).

Referred specimens—IGM-11484 and IGM-11485 from Altares
(Fig. 2A and B). IGM-11486; IGM-11487 and IGM-11488 from Dueto
Miseria (Fig. 3A-C). IGM-11489, IGM-11490, IGM-11491 and IGM-
11492 from Las Garzas (Fig. 4A-D). In total nine shell fragments were
reviewed.

Occurrence—Altares (28°56” 27” N - 103" 22" 27” W); Dueto Miseria
(28" 58" 43” N - 103° 22’ 34” W); Las Garzas (28° 59 20” N - 103" 18"
30”7 W), Chihuahua, Mexico. Aguja Formation, Late Cretaceous
(Campanian).

Description—Shell fragments are referable to baenids because of the
following characteristics: smooth shells, and shallow sulci giving a
smooth appearance (Peng et al., 2001). The Mexican fragments are si-
milar to Morphotype A mentioned by Sankey (2006), the Mexican
samples are 5 mm thick, and have smooth shells. The shell fragments
from Altares (IGM-11484 and IGM-11485) (Fig. 2A and B) are

Journal of South American Earth Sciences 102 (2020) 102668

Fig. 2. Dorsal view of fragments of turtle shell re-
mains from Altares, Mexico (Chihuahua), Late
Cretaceous (Campanian): A-B, cf. Baenidae, two shell
fragments; A, IGM-11484; B, IGM-11485. C, cf.
Compsemys victa, one shell fragment; C, IGM-11513.
D-E, Basilemys sp., two shell fragments; D, IGM-
11510; E, IGM-11511. F-J, Trionychidae indet., five
shell fragments; F, IGM-11497; G, IGM-11498; H,
1GM-11499; 1, IGM-11500; J, IGM-11501. Scale bar
equals 20 mm.

identified as two fragments of costals. Three shell fragments from the
Dueto Miseria are also identified as cf. Baenidae (Fig. 3A-C). The first
fragment IGM-11486 (Fig. 3A), corresponds to the first costal, this is
based on the strong buttress and sharp ridge extending medially from
the buttress. The second fragment IGM-11487 (Fig. 3B) looks like the
posterior buttress. Finally, the third fragment IGM-11488 (Fig. 3C),
corresponds to a fragment of peripheral of the anterior margin of the
shell. The four shell fragments from the Las Garzas (IGM-11489, IGM-
11490, IGM-11491 and IGM-11492) (Fig. 4A-D) are identified as per-
ipherals.

Remarks—Baenids are a common component of many North
American Upper Cretaceous faunas (e.g., Boremys, Thescelus), but ap-
pear to become rarer in the Paleogene. Its geographic distribution in-
cludes Alberta, Saskatchewan, Montana, Wyoming, Utah, Colorado,
Nevada, New Mexico, Texas and Coahuila. Several species are re-
cognized in the Late Cretaceous Kirtland Formation (New Mexico), all
known from multiple shells fragments (Sullivan et al., 2013). The Aguja
baenids differ from those reported from Alberta in having a knobbier
sculpture on their shell; most of the Alberta baenid specimens are
identified as Neurankylus (Brinkman and Nicholls, 1993; Larson et al.,
2013). Baenid like Neurankylus have been previously reported in
Mexico by Eberth et al. (2003) and Brinkman (2014) from Cerro del
Pueblo Formation, Coahuila; Rivera-Sylva et al. (2009) reported the
presence of Baenidae indet. from the Aguja Formation, Coahuila. In this
way, these represent the first record of cf. Baenidae in the state of
Chihuahua, extending its geographic distribution.

BAENIDAE Cope (1882).

BAENODDA Gaffney and Meylan (1988).

DENAZINEMYS Lucas and Sullivan (2006)

cf. Denazinemys nodosa Gilmore (1916).

Referred specimens—IGM-11493; 1GM-11494; IGM-11495 and IGM-
11496 (Fig. 4E-H), four shell fragments.
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Fig. 3. Dorsal view of fragments of turtle shell remains from Dueto miseria, Mexico (Chihuahua), Late Cretaceous (Campanian): A-C, cf. Baenidae, three shell
fragments; A, IGM-11486; B, IGM-11487; C, IGM-11488. D-H, cf. Yelmochelys rosarioae, D, IGM-11505; third neural; E, IGM-11506, fragment of costal; F, IGM-11507,
a piece of a plastron element; G, IGM-11508, indeterminate fragment; H, IGM-11509, indeterminate fragment. I, Basilemys sp., one shell fragments; I, IGM-11512.

Scale bar equals 20 mm.

Occurrence—Las Garzas (28° 59° 20”7 N - 103° 18 30”7 W),
Chihuahua, Mexico. Aguja Formation, Late Cretaceous (Campanian).

Description—The nodose carapace ornamentation is distinctive and
occurs in few baenids. Denazinemys is distinguished from other baenids
mainly by the ornamentation of the carapace, which consists of
rounded, node-like elevations of irregular shape and uneven sizes;
along the central part of the carapace these elevations form antero-
posteriorly elongated ridges separated by grooves (Lucas and Sullivan,
2006). We assigned four costal fragments to cf. Denazinemys nodosa,
despite of having a poor preservation the characteristic nodose orna-
mentation of some baenids is observed. The ornamentation observed in
the fragments from Las Garzas is likely to that present in Denazinemys
nodosa. Some other baenid turtles have more subtly nodose carapace
sculpture (e.g., Boremys, Thescelus) but also this ornamentation could be
more marked (e.g., Scabremys). The unique nature of the shell orna-
mentation of Denazinemys allows relatively small carapace fragments to
be assigned to the genus (Lucas and Sullivan, 2006).

Remarks— Baenids were endemic to North America during the
Cretaceous (Hirayama et al., 2000). Tomlinson (1997) referred speci-
mens from the Aguja Formation to Baena sp. and Baena nodosa, later
Sullivan et al. (2013) assigned this generic name to Denazinemys nodosa,
which mainly is known from the Upper Cretaceous (Campanian) Kai-
parowits Formation (Hutchison et al., 2013) and San Juan Basin, New
Mexico. But it has been also reported as far south as in the Big Bend,
Texas (Tomlinson, 1997), suggesting that Denazinemys was restricted to
the southern part of the Western Interior (Brinkman, 2003). There is a

possible Paleocene record of this genus from Black Peaks Formation in
Texas (Lucas and Sullivan, 2006). In this work we report the first record
of cf. Denazinemys nodosa in Mexico confirming its southern distribu-
tion.

COMPSEMYDIDAE Pérez-Garcia et al., 2015

COMPSEMYS Leidy (1856)

cf. Compsemys victa Leidy (1856).

Referred specimen—IGM-11513 (Fig. 2C), one shell fragment.

Occurrence— Altares (28° 56’ 27” N - 103° 22’ 27” W), Chihuahua,
Mexico. Aguja Formation, Late Cretaceous (Campanian).

Description—It is a shell fragment where the tubercles of the shell
are small and low, and the shell ornamentation pattern is composed of
compactly arranged small tubercles in a vermicular pattern, this type of
ornamentation is characteristic of Compsemys victa, however the avail-
ability of characters does not allow us to recognize their attribution to
any of the two monospecific genres known. However, since only
Compsemys victa is known in the North American record, and
Berruchelus russelli being European, the analyzed material is attributed
to cf. Comsemys victa.

Remarks — Compsemydidae is the sister clade of Baenoidea and has
two representatives: Compsemys victa and Berruchelus russelli (Pérez-
Garcia, 2012). Compsemys victa is restricted to the Late Cretaceous
(Campanian) to Paleocene of North America (Gaffney, 1972; Hutchison
et al., 1998; Brinkman and Rodriguez-de la Rosa, 2006; Lyson and
Joyce, 2011). In the Campanian of North America, it has a distinctly
southern distribution. Leidy (1856) described C. victa based on shell
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Fig. 4. Dorsal view of fragments of turtle
shell remains from Las Garzas, Mexico
(Chihuahua), Late Cretaceous (Campanian):
A-D, cf. Baenidae, four shell fragments; A,
IGM-11489; B, IGM-11490; C, IGM-11491;
D, IGM-11492. E-H, cf. Denazinemys nodosa,
four costal fragments, E, IGM-11493; F,
IGM-11494; G, IGM-11495; H, IGM-11496.
I-K, Trionychidae indet., three shell frag-
ments, I, IGM-11502; J, IGM-11503; K,
IGM-11504. Scale bar equals 20 mm.

Richness of nonmarine turtle observed in assemblages from Judith River (79.14-75 Ma), Kaiparowits (76 Ma), Fruitland/Kirktland (75.5-73 Ma), El Gallo
(74.87-73.59 Ma), Aguja (74 Ma), Cerro del Pueblo (72.5 Ma) and Horseshoe Canyon and St. Mary River (72 Ma to 70 Ma) formations located in western North

America.

Taxa

Aguja

El Gallo

Cerro del Pueblo

Fruitland/Kirktland

Judith River

Kaiparowits Horseshoe Canyon St. Mary River

Compsemydae
Compsemys sp.
Pleurosternidae
Baenidae
Denazinemys nodosa
Scabremys ornata
Boremys grandis
Neurankylus sp.
Neurankylus baueri
Thescelus sp.
Thescelus hemispherica
Thescelus rapiens
Plesiobaena
Kinosternidae
Kinosternidae indet.
Yelmochelys rosarioae
Hoplochelys sp.
Chelydridae
Chelydridae indet.
Protochelydra sp.
Bothremydidae
Bothremys sp.
Adocidae

Adocus sp.

Adocus bossi

Adocus kirtlandius
Nanhsiungchelyidae
Basilemys sp.
Trionychidae
Trionychidae indet.
Aspideretoides sp.
Aspideretoides austerus
Aspideretoides robustus
Helopanoplia sp
Helochelydridae
Naomichelys speciosa

> X

PO M K K X XX

> i

XX X
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Fig. 5. Map of North America in the Campanian-Maastrichtian showing the
position of turtle assemblage discussed in this manuscript. 1. Cerro del Pueblo
Formation, Coahuila (32°N paleolatitude); 2. El Gallo Formation, Baja
California, (40°N paleolatitude); 3. Aguja Formation (40°N paleolatitude); 4.
Fruitland-Kirkland formations, New Mexico (45°N paleolatitude); 5.
Kaiparowits Formation, Utah (47°N paleolatitude); 6. Judith River Formation,
Montana (58°N paleolatitude); 7. St. Mary River Formation, Canada (59°N pa-
leolatitude); 8. Horseshoe Canyon Formation, Canada (60°N paleolatitude).
Modified from Brinkman (2003). Paleolatitudes taken from Scotese and
Golonka (1992); Ward et al. (1997) and Miller et al. (2006).

fragments that have a peculiar ornamentation consisting of small,
glazed, and closely spaced tubercles that may form sinuous strands.
Specimens of Compsemys victa from the Cerro del Pueblo Formation
show this ornamentation (Brinkman, 2014). Previously, C. victa was
only known in Mexico from the Cerro del Pueblo and El Gallo forma-
tions (Rodriguez-de la Rosa and Cevallos-Ferriz, 1998; Lépez-Conde
et al. (2018a)). Thus, the presence of c.f. Compsemys victa in the Aguja
Formation extends its geographic range to Chihuahua, Mexico.

TESTUDINES Batsch, 1788.

PAN-TRIONYCHIDAE Joyce et al. (2004).

TRIONYCHIDAE Fittzinger (1826).

TRIONYCHIDAE indet.

Referred specimens—IGM-11497; IGM-11498; IGM-11499; IGM-
11500; and IGM-11501 from Altares (Fig. 2F-J). IGM-11502; IGM-
11503; and IGM-11504 from Las Garzas (Fig. 4I-K). In total eight shell
fragments were reviewed.

Occurrence— Altares (28°56” 27” N - 103° 22’ 27” W) and Las Garzas
(28° 59" 20” N - 103° 18’ 30” W), Chihuahua, Mexico. Aguja Formation,
Late Cretaceous (Campanian).

Description—The presence of Trionychidae from the Aguja
Formation is documented by eight shell fragments collected in two
different localities. These fragments display the characteristic orna-
mentation of the carapace surface of the group, which consists of a
sculpturing pattern that can range from pits to vermiculating ridges
(Danilov and Vitek, 2012; Vitek and Joyce, 2015). In the specimens
from the Aguja Formation, the thin connected ridges display a honey-
comb-like network pattern. This ornamentation pattern is similar to
some specimens that have been described from other formations as
Fruitland/Kirkland (Sullivan et al., 2013), Aguja (Sankey, 2006), Cerro
del Pueblo (Brinkman, 2014) and El Gallo Formation (Lépez-Conde
et al. (2018a)). However, it has been suggested that the ornamentation
is not a reliable character for the recognition of different species of
Trionychidae (e.g., Gardener and Russell, 1994). For this reason, the
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identification is at family level. Differences in shell ornamentation
patterns could be explained by other factors, including the age of the
individual, the original position of the fragment on the shell, or the
amount of transportation and weathering (Tomlinson, 1997).

Remarks—The distinctive pitted trionychid shell ornamentation is
best developed on the lateral third of the external surface, only weakly
expressed near the midline. The shell fragments referred to
Trionychidae are common in Upper Cretaceous deposits in the Western
Interior; they occur from 70% to 90% of all localities (Sankey, 2006).
Similarly, Trionychidae is the most abundant turtle in the Aguja For-
mation. The presence of trionychid shell fragments in Mexico has been
documented previously by Rodriguez-de la Rosa and Cevallos-Ferriz
(1998), Rivera-Sylva et al. (2009), Brinkman (2014) and Lopez-Conde
et al. (2018a). These new records expand the biogeographic distribu-
tion of the Trionychidae to the state of Chihuahua.

CRYPTODIRA Cope (1868).

NANHSIUNGCHELYIDAE Yeh (1966).

BASILEMYS Hay (1908).

Basilemys sp.

Referred specimens—IGM-11510 and IGM-11511 from Altares
(Fig. 2D and E). IGM-11512 from Dueto Miseria (Fig. 3I). In total three
shell fragments were reviewed.

Occurrence—Altares (28°56” 277 N - 103" 22’ 27” W) and Dueto
miseria (28° 58’ 43” N - 103° 22’ 34” W), Chihuahua, Mexico. Aguja
Formation, Late Cretaceous (Campanian).

Description—The shell fragments of Aguja Formation in Mexico have
the distinctive shell sculpture consisting of linearly arranged shallow
pits with small pyramidal elevations between them, uniformly arrayed
polygonal dimples separated by thin sharply defined triangular walls.
As in specimens of Basilemys reported from the Aguja (Sankey, 2006)
and the El Gallo formations (Lépez-Conde et al. (2018a)), the depres-
sions are shallow and oval, about 1 mm deep and up to 4 mm in dia-
meter; there are approximately 4 depressions per/cm.

Remarks—The genus Basilemys is the only North American re-
presentative of the clade Nanhsiungchelyidae (Joyce and Norell, 2005).
This turtle genus is restricted to the Late Cretaceous (Hutchison and
Archibald, 1986). The presence of Basilemys sp. in Mexico has been
documented previously for first time in the El Gallo formation by Lépez-
Conde et al. (2018a). These new records in Chihuahua extend the dis-
tribution of Basilemys sp. in the Late Cretaceous of Mexico and the
Chihuahua state.

CRYPTODIRA Cope (1868).

DURQCRYPTODIRA Danilov and Parham (2008).

KINOSTERNOIDEA Baur (1893)

cf. Yelmochelys rosarioge Brinkman et al. (2016).

Referred specimens—IGM-11505; IGM-11506; IGM-11507; IGM-
11508; and IGM-11509 (Fig. 3D-H), five shell fragments.

Occurrence—Dueto Miseria (28° 58" 43” N - 103° 22" 34”7 W),
Chihuahua, Mexico. Aguja Formation, Late Cretaceous (Campanian).

Description—The presence of cf. Yelimochelys rosarioae in the Aguja
Formation is documented by the third neural (Fig. 3D), one fragment of
costal (Fig. 3E), a piece of a plastron element (Fig. 3F) and two in-
determinate fragments (Fig. 3G and H). Our material shares the same
smooth surface sculpturing, consisting of fine, short, entwined, fiber-
like structures with numerous minute foramina reported by Brinkman
et al. (2016). The shell fragment identified as the third neural is iden-
tical to that reported by Brinkman et al. (2016), which is hexagonal in
shape and has short antero-lateral edges. The sulcus separating ver-
tebral scutes one and two, which crosses the middle of the bone, has a
short anterior projection at the midline. According to Brinkman et al.
(2016), complete costals are rare. The collected costal is relatively
broad, irregular in shape, and bears an articular surface for the thoracic
rib. The sulcus of the pleural is observed. The costal is curved when
seen in edge view, indicating that the carapace was vaulted. In relation
to the piece of a plastron element according to Brinkmanet al. (2016), it
could be the medial portion of hypoplastron.
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Remarks— Due to the fragmentary nature of the materials, it is not
possible to make a deeper description of the specimen collected in the
Aguja Formation that is attributed to cf. Yelmochelys rosarioae.

Kinosternoids were endemic to North America during the
Cretaceous. Kinosternoids records in North America occur in the
Campanian from Kaiparowits Formation of Utah (Eaton et al., 1999;
Hutchison et al., 2013). Other kinosternoid was recognized by
Hutchison and Archibald (1986) based on material from the Hell Creek
Formation (Maastrichtian). Subsequently, it has been reported from the
Campanian of Utah (Hutchison et al., 2013), New Mexico (Sullivan
et al., 2013), and in Mexico the kinosternoid group is abundantly re-
presented by isolated elements from the Cerro del Pueblo and Cafon del
Tule formations (Rodriguez-de la Rosa and Cevallos-Ferriz, 1998;
Brinkman and Rodriguez de la Rosa, 2006). In this way, in this work we
reported the first record of cf. Yelmochelys rosarioae from the Aguja
Formation and the second in Mexico and expands the biogeographic
distribution to the state of Chihuahua.

6. Discussion

To evaluate the importance of the assembly of turtles recognized in
the Aguja Formation a comparative study with other faunal associations
of North America was undertaken (Table 2). All these faunal associa-
tions have Laramidian affinities (Fig. 5). The Woodbine Formation
(Texas), is a characteristic locality corresponding to Appalachia, and
unfortunately no comparison can be made against the turtle diversity
from Laramidian assemblage, because the Woodbine Formation is of
Cenomanian age (Brent et al., 2019).

We observed an important richness of turtles in formations like
Cerro del Pueblo with ten taxa (Table 2), Kaiparowits with eleven taxa
(Table 2), Aguja with twelve taxa (Table 2), and being the most
abundant the Fruitland/Kirktland formations with nineteen taxa
(Table 2), all of them located in southern latitudes in North America in
relation to those formations in the northern part of North America like
Judith River with eight taxa (Table 2), Horseshoe Canyon and St. Mary
River with five taxa each (Table 2). It seems that the difference in the
diversity of taxa is associated with latitude.

Holroyd et al. (2001) recognize that the ecological complexity and
abundance of appropriate habitats are factors that can be correlated
with turtle diversity within a region. As well, turtle distributions are
restricted by latitudinal gradient of the average temperature. A latitu-
dinal shift in an overall turtle diversity gradient was noted by Tarduno
et al. (1998) to account for the presence of turtles and other ec-
tothermic mesoreptiles in high-latitude localities during the Late Cre-
taceous. In this way, the changes in turtle richness reflect latitudinal
shift, those richness patterns are reflection of changes in climate re-
sulting in north-south shifts in a latitudinal diversity gradient
(Brinkman, 2003).

This latitudinal variability suggests that at any time turtles would
have had a climatically controlled northern limit of distribution, and
the richness of turtles would have decreased as this limit was reached.
Thus, the drop-in turtle richness in the Northern localities suggests that
temperature was lower, resulting in a southern shift in the turtle rich-
ness gradient (Brinkman, 2003).

For example, the Campanian Wapiti Formation (63°N paleolatitude)
in Alberta had yielded a single turtle peripheral, in the also Campanian
Prince Creek Formation (75°N paleolatitude) in northern Alaska, turtles
and other ectothermic mesoreptiles are absent. The decrease in richness
of turtles is consistent with the hypothesis of latitudinal gradient
(Fiorillo and Gangloff, 2000). The scarcity and low richness of turtles in
the Horseshoe Canyon Formation (Alberta) is not a reflection of amount
of time spent collecting from these areas or the amount of exposure of
the formation. A taphonomic bias can be excluded as a possible reason
for the rarity of turtles in these formations, thus the rarity of turtles in
the formation can be assumed to have a paleoecological rather than a
taphonomic basis (Brinkman, 2003). The difference in richness in
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turtles of the Horseshoe Canyon and St. Mary River formations, Alberta
compared with Fruitland/Kirktland, Kaiparowits, Cerro del Pueblo and
Aguja formations agrees with this prediction (Fig. 5).

7. Conclusions

This is the first formal report of turtles collected from the Upper
Cretaceous, Aguja Formation, in northern Chihuahua, Mexico. The
turtle richness of the upper shale member of the Aguja Formation is
comparable to Cerro del Pueblo and Kaiparowits formations and being
higher this richness in the Fruitland/Kirtland Formation.

The study of Cretaceous turtle shell fragments is important because
they are abundant and recurrent members of the different faunal as-
sociations of vertebrates in most fossiliferous localities of North
America. Until now, this is the third study where the richness of
Cretaceous turtles in Mexico is reported, previous studies were done in
the Cerro del Pueblo and El Gallo formations.

As a result of this study it is important to mention the first record of
cf. Yelmochelys rosarioae for the Aguja Formation. In addition, the ex-
panding of the geographical distribution of cf. Denazinemys nodosa be-
yond Texas, where the materials found are also fragmentary but, like
those collected in Chihuahua, they are diagnostic for their taxonomic
assignation. Furthermore, we report the second record of Basilemys sp.
in Mexico, previously reported from the El Gallo Formation, this type of
turtle is quite common in different localities of United States. The
presence of Basilemys sp. is present in all the associations reviewed here
with the exception of the Cerro del Pueblo formation, maybe because it
has not been collected or reported yet. Moreover, here we report the
third record of cf. Compsemys victa for the Late Cretaceous of Mexico.
Finally, is important to mention the always recurrent presence of the
remains of Trionychidae, which can be considered the most abundant
turtle in the different localities of North America.

The turtles, while occasionally collected and identified as parts of
various other studies, they never have been systematically studied,
despite its importance this group plays in the Upper Cretaceous ter-
restrial and aquatic ecosystems. Therefore, it is useful to study turtles as
a group on their own merit in order to gain more knowledge about the
ecology during the Late Cretaceous.

This is how studies of turtle assemblage in different formations of
the late Cretaceous in Mexico have become relevant, because in this
way we know the richness of Testudines in Mexico. The richness of
Cretaceous turtles may increase with future fieldwork in other Mexican
formations; however, what is currently observed in the Cerro del
Pueblo, El Gallo, and the Aguja formations could be interpreted as a
close approximation of the real diversity of non-marine turtles during
the Late Cretaceous in Mexico.
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During the Late Cretaceous, pleurodiran turtles were taxonomically diverse and, inhabited a variety of
environments, within a practically worldwide distribution. Among this group, the most widespread at
that time was Bothremydidae, which was represented in North America by four taxa: Algorachelus tibert,
Chedighaii hutchisoni, Chedighaii barberi, and Bothremys cooki. Nevertheless, the presence of Bothremy-
didae in Mexico is so far very scarce, and the few reports were recognized at indeterminate generic level
and have, not been analyzed in detail. In this paper we describe the first Bothremydini from Mexico,
collected in a coal mine in Coahuila in the Late Cretaceous of the Olmos Formation (upper Campanian).
The coal mines in this region are known for their paleoflora, but this turtle specimen is the first verte-
brate to be notified. This specimen displays a unique combination of characters that allows its attribution
to a new representative, Palauchelys montellanoi gen. et sp. nov., thus expanding knowledge about the
diversity of this group in the American Cretaceous record.

Palail

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Pleurodira (i.e., the side-necked turtles) are today a relict group
with a relatively low diversity, as they are restricted to freshwater
habitats in the Southern Hemisphere (lverson, 1992; Rhodin et al.,
2018). However, during the Late Cretaceous and Paleogene, pleu-
rodires were taxonomically diverse and, inhabited a variety of en-
vironments within a virtually worldwide distribution (Lapparent
de Broin, 2000; Gaffney et al., 2006). Bothremydidae was among
the most widespread clades of Pleurodira during the Late Creta-
ceous and the Paleogene (Gaffney et al., 2006). The origin of both
the crown Pleurodira and Bothremydidae is Gondwanic (Lapparent
de Broin, 2000). Bothremydidae is an extinct clade of pelomedusoid
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(M.L. Chavarria-Arellano), alvarado@geologia.unam.mx (J. Alvarado-Ortega).
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turtles and its fossil record, ranging from the Early Cretaceous to the
Paleogene at least, has beenidentified in North and South America,
Europe, Africa, India, and Madagascar (Gaffney et al., 2006; Romano
et al, 2014). Although the first representatives of Bothremydidae
were freshwater forms, some lineages were adapted to brackish
and marine waters, allowing a dispersion greater than that ach-
ieved by most groups of pleurodires (Rabi et al., 2012; Pérez-Garcia,
2016, 2018a).

In additional to reviewing the taxonomic and phylogenetic re-
lationships of the group, Gaffney et al. (2006) provided a taxonomy
that divided Bothremydidae into four primary clades: the Indian
Kurmademydini, the South American and African Cearachelyini,
and the circum-Atlantic Bothremydini and Taphrosphyini (Gaffney
et al, 2006; Cadena et al., 2012). Following previous ideas, Rabi
et al. (2012) provided an updated paleobiogeographic assessment
for Bothremydini, indicating that the group originated in Gond-
wana during the Early Cretaceous and only secondarily colonized
Europe and North America by African lineages during the Santonian
or before. This hypothesis has been recently confirmed by the sw
of new findings, and it has been acknowledged that the o
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dispersion from Gondwana to Laurasia took place during the Cen-
omanian (Pérez-Garcia, 2016; 2018a).

Bothremydidae was originally known from North American
fossil remains (Hay, 1908), currently identified as coming from
Paleogene levels (Gaffney et al., 2006). The tribes recognized in the
fossil record of North America are Bothremydini and Taphrosphyini.
At present, Bothremydini is represented in North America by four
taxa: Algorachelus tibert (Joyce et al., 2016); Chedighaii hutchisoni
(Gaffney et al., 2006); Chedighaii barberi (Gaffney et al., 2006, 2009)
and Bothremys cooki (Leidy, 1865). Taphrosphyini is only known by
Chupacabrachelys complexus (Lehman and Wick, 2010).

The discovery of an almost complete carapace of a Bothremydini
in the Mexican upper Campanian record is presented here. The
systematic attribution of this new specimen is discussed, and it is
recognized as the first member of Bothremydini from Mexico.

2. Geological setting

The Olmos Formation was derived from highlands of the Lar-
amide Uplift to the west and deposited by fluvio-deltaic systems in
the easternmost part of the Rio Grande Embayment of the Gulf
Coast Basin (Pessagno, 1969). During the Late Cretaceous in that
region, an epicontinental sea developed along sedimentary basins
of the center-west of North America. Known as the Western Interior
Seaway, this epicontinental sea covered much of eastern Mexico.
Chihuahua and Coahuila formed a large peninsula characterized by
different habitats that included fluvial and deltaic systems, such as
floodplains, lagoons and marshes (Estrada-Ruiz et al., 2013). In
northern Mexico, different deltaic systems formed during the
Campanian-Maastrichtian with two different deltas recognized in
northern Coahuila (Flores-Espinoza, 1989). The more important is
located in the Sabinas Basin and is represented by the Olmos For-
mation (upper Campanian). This geologic formation, which is
economically important for coal mining, contains a diverse fossil
flora that is perhaps the most important flora for the Cretaceous
flowering plants in Mexico (Weber, 1972; Estrada-Ruiz et al., 2007).
In fact, the fossil flora of the Olmos Formation is much better
known than its fossil vertebrate fauna, and includes a wide variety
of ferns, conifers, and angiosperms (Weber, 1978; Cervallos-Ferriz
and Ricalde-Moreno, 1995; Estrada-Ruiz et al., 2007, 2008, 2010).
The Olmos Formation has been interpreted as deltaic and fluvial
systems; it is above the upper Campanian San Miguel Formation
and is overlain by the upper Maastrichtian Escondido Formation
(Flores-Espinoza, 1989). Planktonic foraminifera date the Olmos
Formation as Maastrichtian (Pessagno, 1969). However, an alter-
native age of upper Campanian has been suggested by Flores-
Espinoza (1989), based on ammonite biostratigraphy. The
currently available evidence suggests that the upper part of the
Olmos Formation and the lower part of the Escondido Formation
are definitely lower Maastrichtian, and that the lower and middle
Olmos Formation might be upper Campanian. Thus, marine in-
vertebrates like Exogyra ponderosa and Baculites baculus indicate
that the Olmos Formation is upper Campanian to lower Maas-
trichtian in age (Kirkland et al, 2006). The Olmos Formation
(73.5 Ma) has recently been dated by detrital zircons collected in
sandstones in the lithofacies B, representing an upper Campanian
age (Centeno-Gonzalez et al., 2019). The specimen described here,
IGM-11517, was collected near the town of Palaii (Coahuila, Mexico)
(Fig. 1), in a coal mine called Don Evaristo (27°5116" N - 101°24'16"
W) (Fig. 2).

3. Material and methods

This first fossil turtle from the upper Campanian from the Olmos
Formation (Mexico) is deposited in the Coleccion Nacional de

Cretaceous Research 119 (2021) 104710

Paleontologia “Maria del Carmen Perrillat”, Instituto de Geologia,
Universidad Nacional Auténoma de México (Mexico City). These
remains include a relatively complete shell that has allowed us to
confirm the identification of the new turtle Palauchelys montellanoi
gen. et sp. nov. The new taxon is compared to the other forms of
Pelomedusoides so far defined in the Cretaceous record, as well as
with numerous representatives of the different lineages that are
part of this clade. These comparisons have been made considering
the information provided by previous authors (Leidy, 1865;
Matheron, 1869; Nopcsa, 1931; Carrington da Costa, 1940; Antunes
and Broin, 1988; Tong et al., 1998; Laurent et al., 2002; Gaffney et al.,
2006; Lehman and Wick, 2010; Cadena et al,, 2012; Joyce et al.,
2016; Pérez-Garcia, 2018a).

Institutional abbreviations: 1IGM, Coleccion Nacional de Paleon-
tologia “Maria del Carmen Perrillat”, Instituto de Geologia, Uni-
versidad Nacional Auténoma de México, Mexico City, Mexico.

4. The American record of Bothremydidae

Bothremydodda (Taphrosphyini+Bothremydini, sensu Gaffney
et al., 2006) is the only lineage of Pleurodira for which Cretaceous
dispersal events from Gondwana to Laurasia are known. The clades
recognized in the fossil record of North America are Bothremydini
and Taphrosphyini. The North American Cretaceous Bothremydini
record is relatively abundant with the oldest find being that of the
Cenomanian Algorachelus tibert (Joyce et al., 2016; Pérez-Garcia,
2018a), whereas the only putative record of Taphrosphyini for the
Cretaceous corresponds to the Campanian Chupacabrachelys com-
plexus (Lehman and Wick, 2010).

Bothremydidae was originally known from North American re-
mains (Hay, 1908), currently identified as coming from Paleogene
levels, attributed to the Taphrosphyini Taphrosphys sulcatus
(Gaffney et al.,, 2006). At present, Bothremydini is represented in
North America by four taxa: Algorachelus tibert (Joyce et al., 2016),
collected in the Cenomanian of Utah (Naturita Formation); Che-
dighaii hutchisoni (Gaffney et al., 2006), collected in the Campanian
of New Mexico (Kirtland Formation); Chedighaii barberi (Gaffney
et al, 2006, 2009), collected in the Campanian of Arkansas
(Brownstown Marl Formation) and Bothremys cooki (Leidy, 1865),
collected in the Maastrichtian of New Jersey (Navesink Formation).

The presence of Bothremydidae in Mexico is so far very scarce.
Garcia and Reynoso (2002) reported the presence of two shells
similar to Bothremys in the Cerro del Pueblo Formation, but they
differ from that taxon in the proportions of the nuchal plate and
plastral scutes. In a subsequent review of the turtles of the Cerro del
Pueblo Formation, Brinkman and Rodriguez-de la Rosa (2006)
recognized the presence of two new specimens of Bothremydi-
dae. The first was a large-bodied taxon, similar to the representa-
tives of Bothremys in having a wide and low domed shell, and in the
development of plastral buttresses. The second was a partial skull,
which was regarded as more closely related to the genus Chedighaii
than to Bothremys (Brinkman, 2014). All those materials from the
Cerro del Pueblo Formation are considered to be generically inde-
terminate at present, as they have not yet been analyzed in detail.
The North American bothremydid record also includes a taxon
attributed to Taphrosphyini, Chupacabrachelys complexus, collected
in the Campanian of Texas (Lehman and Wick, 2010).

The oldest unambiguous American Pelomedusoides are from
South America Atolchelys lepida, from deposits in the Morro do
Chaves Formation of Brazil, represents a basal member of Bothre-
mydidae (upper Barremian) and simultaneously the oldest crown
Pleurodira. A bothremydid is present in the Albian record of the
Araripe Basin of Brazil: Cearachelys placidoi (Cearachelyini)
(Gaffney et al., 2001) The bothremydid Inaechelys pernambucensis
was collected in the Early Paleocene (Danian) of the Maria Farinha
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Fig. 1. A: Location of the state of Coahuila, where the new turtle studied here, Palauchelys montellanoi gen. et sp. nov. (Pleurodira, Bothremydidae), was found in Late Cretaceous
(upper Campanian) strata. B: Locality where the holotype of the new turtle was collected within the Olmos Formation.

Formation, in Brazil. It represents a member of Bothremydini
(Carvalho et al, 2016). Another Paleocene representative of
Bothremydini in South America is Puentemys mushaisaensis from
the Cerrejon Formation, Colombia (Cadena et al., 2012). The other
currently known American Taphrosphyini records are from the
Paleocene-Eocene, corresponding to the North American Taphros-
phys sulcatus from the Paleocene (Danian) in the United States of
America (Gaffney et al., 2006), and the South American Motelo-
mama olssoni, from the Eocene in Peru (Pérez-Garcia, 2018b).

5. Systematic paleontology

Testudines Batsch, 1788
Pleurodira Cope, 1864
Pelomedusoides Cope, 1868

Bothremydidae Baur, 1891
Bothremydini Gaffney et al., 2006

Palauchelys montellanoi gen. et sp. nov.

Holotype. Palauchelys montellanoi (IGM-11517) (Figs. 3-4).
Etymology. Generic name is formed by Palad, in reference to the
area where it was found and ‘chelys’ (turtle). Specific name is in
honor of Dra. Marisol Montellano Ballesteros, the first female
vertebrate paleontologist in Mexico.

Type locality and horizon. Don Evaristo coal mine (27°51'16” N -
101°24'16” W), near the town of Palad, Coahuila, Mexico. Olmos
Formation, Sabinas Basin, upper Campanian (Late Cretaceous).
Diagnosis. IGM-11517, can be attributed to Pan-Pleurodira consid-
ering the following character combination: a pair of reduced
mesoplastra, not meeting in midline; a single intergular scute;

Fig. 2. Don Evaristo coal mine, near Palai (Coahuila, México), where the new turtle studied here, Palauchelys montellanoi gen. et sp. nov. (Pleurodira, Bothremydidae), was found in

Late Cretaceous (upper Campanian) strata.
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Fig. 3. IGM-11517, holotype of Palauchelys montellanoi gen. et sp. nov. corresponding to the shell of a Bothremydini pleurodiran turtle, from the Late Cretaceous (upper Campanian),
in the Don Evaristo coal mine (Coahuila, Mexico). A: Dorsal view, B: Ventral view. C: Dorsal view, after the edition of photographs. D: Ventral view, after the edition of photographs.

Scale bar equals 5 cm,

absence of inframarginals and pelvis sutured to the shell. It is
recognized as a member of Pelomedusoides based on continuous
neural series, composed by hexagonal plates with short antero-
lateral margins (except the first and the last one), lacking contact
with the suprapygal; absence of shell fontanelles. It is recognized as
a member of Bothremydidae based on rectangular neural I; contact
of the axillary buttress with the main body of peripheral III; contact
of the inguinal buttress with costal V; absence of a cervical scute;
and costal I twice as long as costal I1. It is recognized as a member of

Bothremydini based on: absence of the strong texture observed on
the outer surface of the shell of Taphrosphyini; length of costal I not
markedly exceeding twice the costal Il length; wider than long
marginal I; substraight posterior plastral lobe lateral margins; and
mesoplastra almost as wide as long. IGM-11517 differs from the
other members of Bothremydini by the following character com-
bination: oval carapace, reaching its maximum width at the level of
the seventh peripherals; very shallow nuchal notch; wider than
long nuchal plate, sub-octagonal in shape; six neurals; antero-
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Fig. 4. IGM-11517, holotype of Palauchelys montellanoi gen. et sp. nov. corresponding to the shell of a Bothremydini pleurodiran turtle, from the Late Cretaceous (upper Campanian),
in the Don Evaristo coal mine (Coahuila, Mexico). A: drawing of the dorsal view. B: drawing of the ventral view. Abbreviations: Ab, abdominal; An, anal; c, costal; en, entoplastron;
ep, epiplastron; Fe, femoral; hyo, hyoplastron; hyp, hypoplastron; Hu, humeral; In, intergular; M, marginal; mes, mesoplastron; n, neural; nu, nuchal; p, peripheral; Pe, pectoral; PI,

pleural; sp, suprapygal; V, vertebral; xi, xiphiplastron. Scale bar equals 5 cm.

lateral end of the first vertebral not exceeding half of the posterior
width of the first pair of peripherals; anterior sulcus of the fourth
vertebral on the middle area of the fifth neural, and posterior sulcus
on the seventh pair of costals; medial edge of the first pair of
marginals shorter than the lateral edge; overlap of the first pair of
marginals in half of the nuchal lateral margins; wider than long
mesoplastra; absence of medial contact of the humerals due to the
development of a large intergular, reaching the pectorals; and
posterior margin of the intergular near the posterior part of the
entoplastron.

Description. IGM-11517 is a relatively complete shell, but it is
dorsoventrally compressed (Figs. 3-4). It lacks most of the cara-
pace periphery except for the left antero-lateral region. The most
anterior and posterior ends of the plastron are also absent. The
maximum length of the preserved region of the carapace is
33.5 cm and the maximum width is 32 cm. The shape of the
carapace is oval, reaching its maximum width at the level of the
seventh peripherals.

The nuchal plate is wider than long and has a sub-octagonal shape
(Figs. 3A, 3C, 4A). Its anterior margin shows a shallow notch, which
extends throughout the medial half of the first pair of peripherals.
The lateral edges of the nuchal are straight. Posteriorly, this plate is
in contact with the neural series. This taxon has six neurals. The
first one is sub-rectangular, slightly longer than it is wide. The
second to fifth neurals are hexagonal, being longer than wide. The
second is the longest of the neural series. The length of these plates
decreases from this neural until the last one. The sixth neural is
pentagonal. This plate is slightly wider than it is long. The neural
series does not contact the suprapygal, a medial contact between
the last three pairs of costals being present. Although, the posterior
portion of the suprapygal is not preserved, a sub-triangular shape
can be interpreted for this plate. The first pair of costals is the
longest in the series, being twice as long as the second one. The first
peripherals are relatively short, considering their length. The

anterior margin of the first peripheral is almost twice as wide as the
posterior one.

This specimen does not have a cervical scute (Figs. 3A, 3C, 4A). The
first vertebral is almost twice as wide as it is long. It is pentagonal in
shape. Medially, this scute reaches the anterior half of the nuchal.
Laterally, it overlaps near half the width of the posterior area of the
first pair of peripherals. The second to fourth vertebrals, which are
hexagonal in shape, are also wider than they are long. The widths of
all these scutes are similar. Their lateral vertices define a cute an-
gles. Anteriorly, the fifth vertebral overlaps the seventh pair of
costal plates. The pleural scutes are relatively wide because the
pleuro-marginal sulci are located on the peripheral series. These
scutes overlap a small area of these plates, generally lower than
their medial third.

The length of the preserved region of the plastron is 28 cm (Figs. 3B,
3D, 4D). The anterior lobe was wider than the posterior one, but
noticeably shorter, probably being more than twice as wide as it
was long. The posterior lobe is interpreted as being almost as long
as it is wide. The preserved region of the lateral margins of the
anterior lobe allows us to interpret that it had a sub-rounded shape.
However, the lateral margins of the posterior lobes were sub-
straight.

The preserved region of the entoplastron allows us to recognize it
as diamond-shaped, possibly almost as long as wide (Figs. 3B,
3D,4B). It was relatively small, its width being less than that of
each mesoplastron. The mesoplastra are laterally located. These
plates are slightly wider than long. The axillary buttresses reached
the posterior half of the third pair of peripheral plates. The inguinal
buttresses were in contact with the eight pair of peripherals.
Medially, the hypoplastra are almost as long as the hyoplastra. The
partial scars of the left ischium and pubis can be recognized. These
elements were sutured to the plastron.

The taxon studied here has a single intergular scute (Figs. 3B, 3D,
4B). It is long, reaching the pectorals. Therefore, a medial contact
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between the humerals is not present. The pectorals do not overlap
or contact the epiplastra, since the humero-pectoral sulcus is
located on a posterior position relative to the epi-hyoplastral su-
ture. The pectoro-abdominal sulci are sub-straight, and almost
perpendicular to the axial plane. Medially, these scutes are located
proximal to the nearly parallel hyo-hypoplastron sutures. These
sulci overlap the anterior region of the mesoplastra. The marginal
scutes do not overlap these plates. Medially, the abdominals are
short, probably being the shortest. The femoro-anal sulcus is
located on the anterior half of the xiphiplastra, but the anals are
well away from the hypoplastra.

6. Discussion

IGM-11517 can be attributed to Pan-Pleurodira considering the
following character combination: a pair of reduced mesoplastra,
not meeting in midline; a single intergular scute; absence of
inframarginals and pelvis sutured to the shell. It is recognized as a
member of Pelomedusoides based on the absence of carapace and
plastral fontanelles and the continuous neural series, not reaching
the suprapygal, with hexagonal second to penultimate plates,
whose shortest margins are antero-laterally located. IGM-11517 can
be diagnosed as a representative of Bothremydidae by the presence
of a rectangular neural I; contact of the axillary buttress with the
main body of peripheral III, and of the inguinal buttress with costal
V; absence of a cervical scute; and enlargement of costal I, which is
twice as long as the second (Gaffney et al., 2006; Pérez-Garcia,
2019).

The specimen IGM-11517 lacks several characters diagnostic of
the clade Taphrosphyini, and is thus recognized as a member of
Bothremydini: surface covered by a strong texture consisting of
irregular raised polygons delimited by a network of deep furrows;
first costal length greater than twice the length of the second one;
equidimensional first pairs of marginals; subrounded lateral mar-
gins of the posterior plastral lobe; and longer than wide meso-
plastra (Gaffney et al., 2006; Pérez-Garcia, 2018b).

In fact, IGM-11517 differs from the only putative Cretaceous
member of Taphrosphyini in the American record, Chupacab-
rachelys complexus, in numerous characters (see Lehman and Wick,
2010). Thus, the wide and shallow nuchal notch of IGM-11517 dif-
fers from the deeper and narrower one in C. complexus; the wider
than long and sub-octagonal nuchal of IGM-11517 contrasts with
that in C. complexus, which is wider than long and irregular; the
first neural in C. complexus is slightly longer than the second, in
contrast IGM-11517 the second neural is longer than the first one
and the second is the longest of the neural series, whereas the
fourth and fifth neurals of the holotype and the referred specimen
of C. complexus are the longest of the neural series; the sixth neural
of the holotype in C. complexus is asymmetric, but although that of
the referred specimen is pentagonal, its posterior part forms an
acute angle, whereas the posterior area of the pentagonal last
neural of IGM-11517 forms an obtuse angle; the length of each
costal is practically the same from the second to the eighth in
C. complexus, while on the left side of IGM-11517 the fourth is the
longest and on the right side the second is the longest, the anterior
and posterior edges of the first pairs of peripherals of IGM-11517 are
wider than those observed in C. complexus; the seventh pair of
peripherals of IGM-11517 only contacts the fourth costals, whereas
those of C. complexus contact the fourth and fifth costals; the eighth
pair of costals of IGM-11517 contact the fourth, fifth and sixth
costals, whereas those of C. complexus only contact the fifth and
sixth pairs; the posterior angle on the entoplastron in C. complexus
is acute, but is obtuse in IGM-11517; the sulci between the pectoral
and the abdominal scutes are located on the posterior-medial area
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of the mesoplastron in C. complexus, but on the anterior area in
IGM-11517.

As indicated (see the section corresponding to the American
record of Bothremydidae), Bothremydini is recognized in North
America by the following four taxa: Algorachelus tibert (Joyce et al.,
2016); Chedighaii hutchisoni (Gaffney et al., 2006); Chedighaii bar-
beri (Gaffney et al., 2006) and Bothremys cooki (Leidy, 1865). The
shells of C. hutchisoni and B. cooki are unknown.

Chedighaii barberi is the largest Bothremydini in North America,
with a shell length of about 53 c¢cm, whereas in IGM-11517 the
maximum length of the preserved region of the carapace is 33.5 cm,
and that of A. tibert is 18 cm. The nuchal of A. tibert and C. barberi are
hexagonal, contrasting with the sub-octagonal morphology of that
of IGM-11517, IGM-11517 has six neurals, instead the number of
neurals in C. barberi can vary from six to seven, and seven neurals
are recognized for A. tibert. Although the first vertebral is also
pentagonal in A. tibert, that of C. barberi is irregular, with seven
sides. IGM-11517, C. barberi and A. tibert show a short lateral contact
between the first vertebral and the second marginal. The anterior
sulcus of the fourth vertebral is almost in the middle area of the
fifth neural in IGM-11517, whereas it is near to the posterior area in
C. barberi and A. tibert. Although the posterior sulcus of the fourth
vertebral in IGM-11517 and C. barberi is on the seventh costal, that
of A. tibert is on the eighth one. The first marginal in C. barberi and
A. tibert is square, but rectangular in IGM-11517. The sulcus between
the pectoral and the abdominal scutes of IGM-11517 and C. barberi
is closer to the suture between the hyoplastra and the hypoplastra,
but it is further from the suture in A. tibert. The humeral scutes have
a medial contact in A. tibert and C. barberi, but not in IGM-11517 due
to the long development of the intergular. The posterior margin on
the intergular is located in the most anterior area of the entoplas-
tron in C. barberi, in the middle area in A. tibert, but near to the
posterior in IGM-11517.

IGM-11517 not only differs from the so far described North
American members of Bothremydini, but also for the others
currently known, and therefore is recognized as a new form. This
Mexican specimen is larger than some members of Bothremydini,
such as Araiochelys hirayamai (29 cm), Elochelys perfecta (25 cm)
and, Algorachelus peregrinus (20 cm), but smaller than others,
such as Puentemys mushaisaensis (1.5 m), Chedighaii barberi
(53 cm), Polysternon provinciale (48 cm) and Iberoccitanemys
convenarum (37 cm). The Mexican specimen differs from the other
Bothremydini because its nuchal is sub-octagonal, whereas it is
pentagonal in P. mushaisaensis and R. soutoi, trapezoidal in
I. convenarum, F. mechinorum and P. provinciale and hexagonal in
A. peregrinus and E. perfecta. IGM-11517 has six neurals,
A. peregrinus has five, six or seven, P. mushaisaensis and
I. convenarum have six to seven; and seven neurals are recognized
in E. perfecta, R. soutoi, F. mechinorum and P. provinciale. The first
vertebral is pentagonal in IGM-11517 and trapezoidal in
A. peregrinus, R. soutoi, P. mushaisaensis, E. perfecta, P. provinciale,
E mechinorum and I convenarum. The first vertebral reaches the
postero-medial margin of the second marginal in A. peregrinus,
E mechinorum, P. provinciale, R. soutoi, P. mushaisaensis and
I. convenarum, but in the case of IGM-11517 and E. perfecta this
scute has a short lateral contact with the second marginal. The
anterior sulcus of the fourth vertebral is almost in the middle
portion of the fifth neural in IGM-11517, whereas it is near to the
posterior area in A. peregrinus, I. convenarum, E. perfecta, R. soutoi,
E mechinorum and P. provinciale and below the fifth neural in A.
hirayamai. Furthermore, the posterior sulcus of the fourth verte-
bral is on the seventh costal in IGM-11517, but on the eight costal
in E mechinorum, P. provinciale, R. soutoi, I. convenarum, E. perfecta,
A. peregrinus and P. mushaisaensis. The first marginal in
A. peregrinus and IGM-11517 is rectangular, but it is square in
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Table 1
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Carapacial characters used here for the comparison of the bothremydid turtle Palauchelys montellanoi gen. et sp. nov. with other members of Bothremydini.

Taxa Shell Nuchal Number of Vertebral 1 Contact between  Position of the  Position of the Marginal I
length morphology neurals morphology vertebral I and anterior sulcus  posterior morphology
marginal 1l of the vertebral IV sulcus
of vertebral IV
Palauchelys montellanoi 335 cm  sub-octagonal 6 pentagonal short lateral contact middle length of on the costal rectangular
the Vil
neural V
Chedighaii barberi 53 cm hexagonal 6to7 heptagonal short lateral contact posterior area of on the costal square
the Vil
neural V
Algorachelus tibert 18 cm hexagonal 7 pentagonal short lateral contact posterior area of on the costal square
the VIIL
neural V
Puentemys 150cm  pentagonal 6to7 trapezoidal reaching the middle length of on the costal square
mushaisaensis postero-medial the VI
margin of the neural VI
second marginal
Iberoccitanemys 37 cm trapezoidal 6to7 trapezoidal reaching the posterior area of on the costal square
convenarum postero-medial the VI
margin of the neural V
second marginal
Elochelys perfecta 25cm hexagonal 7 trapezoidal short lateral contact posterior area of on the costal square
the VI
neural V
Rosasia soutoi 35cm pentagonal 7 trapezoidal reaching the posterior area of on the costal square
postero-medial the VI
margin of the neural V
second marginal
Foxemys mechinorum 345 cm  trapezoidal 7 trapezoidal reaching the posterior area of on the costal square
postero-medial the VI
margin of the neural V
second marginal
Polysternon provinciale 48 cm trapezoidal 7 trapezoidal reaching the posterior area of on the costal square
postero-medial the VI
margin of the neural V
second marginal
Algorachelus peregrinus 20 cm hexagonal 5to7 trapezoidal reaching the posterior area of on the costal rectangular

postero-medial the VIII
margin of the neural V
second marginal

Table 2

Plastral characters used here for the comparison of the bothremydid turtle Palauchelys montellanoi gen. et sp. nov. with other members of Bothremydini.

Taxa Pectoro-abdominal sulci relative to the Humeral scutes Position of the intergular posterior
hyo-hypoplastral sutures medial contact margin

Palauchelys montellanoi close absent near the posterior entoplastral area
Chedighaii barberi close present in the most anterior entoplastral area
Algorachelus tibert away present in the middle entoplastral area
Puentemys mushaisaensis away present in the most anterior entoplastral area
Iberoccitanemys convenarum away absent in the middle entoplastral area
Elochelys perfecta away absent in the middle entoplastral area
Rosasia soutoi away present in the most anterior entoplastral area
Foxemys mechinorum away present in the most anterior entoplastral area
Polysternon provinciale away present in the most anterior entoplastral area
Algorachelus peregrinus away present in the most anterior entoplastral area

R. soutoi, E. perfecta, I. convenarum, P. mushaisaensis, F. mechinorum
and P. provinciale (Table 1).

The pectoro-abdominal sulci are closer the suture between the
hyoplastra and the hypoplastra in IGM-11517, whereas they are
further from these sutures in A. peregrinus, A. hirayamai,
1. convenarum, E. perfecta, F mechinorum, P provinciale,
P. mushaisaensis and R. soutoi. The humero-pectoral sulci have
medial contact in A. peregrinus, E mechinorum, P. provinciale,
P. mushaisaensis and R. soutoi, but a medial contact is absent in
I convenarum; E. perfecta and IGM-11517. The posterior margin of
the intergular is located on the most anterior area of the entoplastra
in A. peregrinus, F mechinorum, P. provinciale, R. soutoi and

P. mushaisaensis, on the middle area in I. convenarum and E. perfecta,
and near the posterior area in IGM-11517 (Table 2).

7. Conclusions

Bothremydids are a clade of originally freshwater pleurodiran
turtles, of which some lineages adapted to a nearshore marine
lifestyle. Thus, salinity was not a constraint for their dispersal.
Bothremydidae originated in Gondwana during the Early Creta-
ceous and only secondarily colonized Europe and North America
during the Late Cretaceous. Close biogeographical relationships
have recently been recognized among Cenomanian bothremydid
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turtles from the Middle East, Europe and North America,
evidencing the relative fast and wide geographical distribution
dispersal event carried out by the clade Bothremydini, which is
regarded as the oldest dispersal to Laurasia for this lineage of
Gondwanic origin. Thus, Bothremydini reached the western
Atlantic Ocean at least in the upper Cenomanian.

A turtle shell from the Late Cretaceous (upper Campanian) of
Mexico (Don Evaristo coal mine, Palad, Coahuila) has been
described and discussed here, and thus determined as a new
representative of the clade Bothremydini. Palauchelys montellanoi
(IGM-11517) is the first record of Bothremydini to be described for
Mexico. The study of the new turtle expands knowledge about the
diversity of this group in the American Cretaceous record.
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DISCUSION

Los resultados obtenidos en los articulos que integran esta tesis doctoral estan aportando
informacion relacionada con el objetivo general inicialmente planteado, que consiste en determinar la
identidad taxondémica de las tortugas fésiles mesozoicas de México, ademéas de indagar sobre su
distribucion paleobiogeografica, y en donde fuese el caso los factores paleoambientales que condicionaron

su distribucion durante el Mesozoico en América del Norte.

Para conocer la anatomia conservada de estos ejemplares se realizé un arduo estudio taxonémico
de cada uno de los elementos fosiles conservados. Gracias a estos ejercicios de taxonomia alfa, se pudo
ampliar la distribucién paleogeografica de varios taxones que, hasta antes de este estudio doctoral, s6lo
eran conocidos para localidades de Canada y Estados Unidos de América y que actualmente también se

han dado a conocer en varias localidades del norte de México.

Ademas, se ha dado a conocer nuevas especies que han ayudado a ampliar el conocimiento de
las tortugas fésiles en México y de sus implicaciones paleobiogeograficas que en el caso de Notoemys
tlaxiacoensis, ha ayudado ha reforzado la hipétesis del origen de la Familia Platychelyidae en el corredor
hispanico y no en Europa como se creia anteriormente (LOopez-Conde et al., 2017a). Ya que estos nuevos
taxones descritos estdn ayudando a llenar espacios temporales en el registro fésil de la Familia

Platychelyidae.

A modo de compendio, se recopilan aqui los principales resultados obtenidos en cada uno de los

articulos publicados, los cuales han cubierto cada uno de los objetivos propuestos en este trabajo doctoral.
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The first record of Desmatochelys cf. D. lowii from the Late Cretaceous (Campanian) of
Coahuila, Mexico: Este articulo fue el requisito solicitado por el posgrado en Ciencias Biologicas, este
manuscrito tuvo como eje principal la descripcion de la primera tortuga marina fosil de México, ademas
de incluir por primera vez la descripcion de elementos taxondmicos desconocidos en la anatomia en este

grupo de tortugas marinas y que este nuevo ejemplar a traido a la luz.

El ejemplar asignado a Desmatochelys cf. D. lowii, es el primer ejemplar descrito de manera
formal de la Familia Protostegidae, el cual fue uno de los tres taxones de tortugas marinas que existieron
durante el Mesozoico. Este ejemplar fue colectado en la Formacién Austin (Cretacico Superior,
Campaniano), al norte del estado de Coahuila en la cantera San Carlos. Este ejemplar esta constituido
Unicamente por elementos poscraneales (impresiones y elementos 0seos), es importante resaltar que se ha
conservado casi completa y articulada la extremidad anterior derecha con lo cual se llena un vacio en el
conocimiento de esta extremidad (aleta), ya que anteriormente Unicamente se habian colectado elementos
aislados. Algo notable, es la conservacion por primera vez de las dos extremidades posteriores en un
representante del género Desmatochelys ya que estos elementos eran desconocidos, ademas de ser notable
la conservacion de la extremidad posterior izquierda, la cual estd completa y articulada. Las extremidades
posteriores eran unicamente conocidas en otras especies de la Familia Protostegidae tal es el caso de

Protostega gigas (Wieland, 1906) y Rhinochelys nammourensis (Tong et al., 2006).

Después del estudio taxondmico se establecié una importante afinidad a tortugas marinas
descritas previamente (Desmatochelys lowii (Williston, 1894) y Desmatochelys padillai (Cadena y
Parham, 2015). Se observé una importante variabilidad en varios elementos con valor taxondmico (p.e.

forma del humero), pero muchas de estas modificaciones se pueden asignar a variabilidad ontogenética.

Este nuevo ejemplar asignado a Desmatochelys cf. D. lowii amplia el rango estratigrafico de
Desmatochelys, el cuél era previamente conocido para el Aptiano-Albiano de Colombia (Desmatochelys
padillai). Desmatochelys lowii, era conocido en America del Norte del Cenomaniano de Nebraska,
Turoniano de Arizona, Kansas y Dakota del Sur (Williston, 1894; Zangerl and Sloan, 1960; Elliott et al.,
1997; Cadenay Parham, 2015). Nicholls (1992), reporté la presencia de Desmatochelys en el Campaniano

de Vancouver, pero este registro se considera dudoso debido a lo fragmentario del material.
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De esta manera, el descubrimiento y descripcion del ejemplar mexicano de Desmatochelys
contribuye a extender el registro de este grupo de tortugas marinas mas alla del Turoniano hasta el
Campaniano. A pesar de esto el registro fosil de Desmatochelys lowii aun presenta un vacio durante el
Coniaciano y el Santoniano.

Los ejemplares atribuidos a Desmatochelys lowii proceden de diferentes localidades ubicadas en
lo que anteriormente fue el Mar Interior de América del Norte, todas estas localidades con edades del
Cretécico Superior. Desmatochely cf. D.lowii, representa el registro mas surefio que se ha colectado
actualmente del Cretacico Superior y sin lugar a duda es uno de los taxones de tortugas marinas mas
enigmaticos. Este ejemplar aun tiene mucha informacidn que proporcionarnos relacionado a su afinidad

taxondmica y a cuestiones de dimorfismo sexual hacienda uso del actualismo biolégico.

Revision morfologica de las tortugas del género Notoemys: Anteriormente, en afloramientos de
la Formacién Sabinal, del Jurédsico Superior (Kimmeridgiano) en la localidad Llano Yosobé, se habia
descrito la tortuga més antigua para México, ampliando el alcance estratigrafico para este taxon en
México, ya que hasta antes de la descripcion de Notoemys tlaxiacoensis, el registro mas antiguo
correspondia a tortugas no descritas de la Formacion Tlayua, que corresponden al Cretacico Inferior
(Albiano) (Reynoso et al., 2000).

Para la elaboracién de la descripcidn y posterior diagnosis de Notoemys tlaxiacoensis se realizd
una comparacién morfologica detallada con los demas representantes del género Notoemys: Notoemys
oxfordiensis, del Jurasico Superior (Oxfordiano) de Cuba; Notoemys laticentralis, del Jurasico Superior
(Titoniano) de Argentina y Notoemys zapatocaensis, del Cretédcico Inferior (Valanginiano) de Colombia;
adicionandose el nuevo registro de Notoemys tlaxiacoensis, del Jurdsico Superior (Kimmeridgiano) de
México. Es importante mencionar que este género de tortugas hasta la fecha se distribuye Gnicamente en

América.

El uso de los caparazones en este estudio morfoldgico es adecuado debido a que cuentan con los
caracteres diagndsticos que han definido a este género de tortugas. Uno de los objetivos fue identificar y

reconocer las variaciones anatdmicas observadas tanto en las placas 0seas y escudos corneos del carapacho
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y plastron en cada especie y generar un documento donde se encuentre la descripcion morfoldgica de los
caparazones de las especies del género Notoemys. Los datos obtenidos mediante el estudio morfoldgico
amplian el conocimiento de cada uno de los elementos 6seos y corneos del caparazon. Es importante
mencionar que Unicamente se utilizaron los caparazones debido a que no todos los representantes de este

género disponen de elementos craneales y postcraneales.

Actualmente no existe duda alguna con relacion a la pertenecia taxonémica de cada especie
ubicada dentro del género Notoemys, debido a que cada una de ellas se apega a la diagnosis propuesta por
Cattoi y Freiberg (1961). Como se mencioné anteriormente, este estudio taxondmico hizo énfasis en las
diferencias observadas en cada uno de los ejemplares estudiados y de como su asignacion taxonomica
mediante este estudio morfoldgico soportaba y reforzaba sus relaciones filogenéticas (Lopez-Conde et al.,
2017a).

Platychelyidae, es una familia de tortugas que tuvieron su distribucion en Laurasia y Gondwana.
Esta familia esta constituida por dos géneros, el género Platychelys conocido Unicamente en Europay el
género Notoemys registrado en América y que cuenta con los registros mas antiguos en la antigua regién
de Laurasia (Cuba y México) y que posiblemente utilizaron el corredor hispanico como su principal ruta
de dispersion hacia América del Sur y probablemente a Europa, haciendo uso de los mares someros que
se originaron durante la fragmentacion de Pangea (L6pez-Conde y Alvarado-Ortega, 2017b). EI que
Notoemys se haya encontrado hasta el momento solo en Ameérica, se debe posiblemente a que su origen
fue durante la fragmentacion temprana de Pangea en algln punto del naciente corredor hispanico que seria
coincidente con la distribuciébn de masas continentales y océanos durante el Jurdsico Superior
(Storey,1995).

Es relevante mencionar que al menos con este grupo de tortugas no se cumplen las distintas
teorias, que hablan de un intercambio faunistico del Mar de Tethis con direccion al Proto-Pacifico a través
del corredor hispanico como ocurrié con otros reptiles marinos y peces (Gasparini, 1977; Lopez-Conde y
Alvarado Ortega, 2017b). Para el género Notoemys, el registro fosil nos indica que el origen de estas
tortugas fue durante el Jurasico Superior en algin punto del corredor hispanico y a partir de ahi comenzé

a distribuirse hacia América del Sur y Europa (L6pez-Conde y Alvarado-Ortega, 2017b).
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Turtles from the Late Cretaceous (Campanian) of EI Gallo Formation, Baja California, Mexico:
En este articulo, la riqueza de tortugas del Cretacico Superior de la Formacion El Gallo, ubicada en Baja
California, México fue revisada debido a que hasta antes de este trabajo se conocia Unicamente la
presencia Naomichelys speciosa (Rodriguez-de la Rosa y Aranda-Manteca, 2000). Durante las temporadas
de campo entre los afios 2004-2018, se recolectaron una gran cantidad de fragmentos de caparazon de
tortuga, siendo siempre abundante la presencia de Naomichelys speciosa. Los restos fragmentarios de
caparazones de tortuga contribuyen poco a la comprension de las relaciones evolutivas de las tortugas,
pero muchos de ellos debido a su ornamentacion permiten identificar a nivel de familia o hasta especie,

por lo que si proporcionan datos sobre la riqueza de tortugas presentes en asociaciones fésiles.

Basados en fragmentos de caparazon y su orhnamentacion se reconocieron cuatro taxones
adicionales para la Formacion El Gallo, estas nuevas tortugas descritas corresponden a Compsemys victa,
Basilemys sp., Trionychidae indet., y cf. Chelydridae. Con el reconocimiento de estos nuevos taxones el
conocimiento de la riqueza de tortugas en la Formacion El Gallo se incrementd. En este articulo se reporta
el primer registro para México de Basilemys sp., ademas de la presencia de cf. Chelydridae en el lado
occidental de Laramidia, ademas de la ampliacion de la distribucion geografica de Compsemys victa y

Trionychidae que hasta antes de este estudio se conocia Unicamente para la Formacion Cerro del Pueblo.

Una diferencia notable entre la Formacion El Gallo y otras formaciones del Campaniano superior
del Occidente de América del Norte es la presencia mas reciente de Naomichelys speciosa sobre otras
formaciones més antiguas como la Formacidon Judith River en Montana la cuél esta datada entre 78Ma-
75Ma'y la Formacién El Gallo esta datada en el intervalo de 74 Ma-73 Ma.

El registro fésil mesozoico de tortugas de México es importante en cuanto a sus implicaciones
taxonomicas y biogeograficas, por lo que esta localidad es importante para establecer patrones
latitudinales de distribucion. De esta manera, las tortugas de la Formacion El Gallo son importantes por
su localizacion geografica ya que esta asociacion de fosiles es la mas surefia y occidental de Laramidia en

América del Norte durante el Cretacico Superior (Brinkman, 2014).
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Por mucho la Formacién Cerro del Pueblo, es la que hasta la fecha tiene la mayor riqueza de
tortugas no marinas para el Cretacico Superior de México, esta formacion cuenta con 10 taxones
(Compsemys victa, Neurankylus sp., Kinosternidae indet., Yelmochelys rosarioae, Hoplochelys sp.,
Chelydridae indet., Protochelydra sp., Bothremys sp., Adocus sp. y Trionychidae indet). Mientras tanto
en la Formacion El Gallo hasta la fecha solo se han reconocido 5 taxones (Compsemys victa, Chelydridae
indet., Basilemys sp., Trionychidae indet y Naomichelys speciosa). De esta manera la Formacién El Gallo
seria la segunda formacion en México donde se daria a conocer la riqueza de tortugas mesozoicas de
Meéxico (Lopez-Conde et al., 2020)

Nonmarine turtles from the Aguja Formation Late-Cretaceous (Campanian) of Chihuahua,
Mexico: La Formacion Aguja, en Texas, es considerada como una de las asociaciones faunistica de
vertebrados continentales mejor estudiadas del Cretacico Superior, caso contrario a lo ocurrido en estos
mismos sedimentos, ubicados en el estado de Chihuahua, donde hasta la fecha el registro de vertebrados
continentales es escaso. Los estratos no marinos de la Formacion Aguja y su fauna son relevantes para

documentar la variacion latitudinal en las asociaciones de fauna continental durante el Campaniano.

Los materiales de tortuga descritos en este articulo, esta constituido por fragmentos del caparazon
perteneciente a varios individuos, a pesar de su estado de conservacion, estos fragmentos de caparazén
han conservado su ornamentacion, la cudl es lo suficiente informativa para su identificacion taxonémica.
Si bien muchos de los ejemplares son fragmentos, vale la pena sefialar su presencia con el fin de obtener

una imagen mas clara de la riqueza total en esta formacion.

Este manuscrito presenta informacion relacionada a fragmentos de caparazén de tortuga
colectados en tres localidades ubicadas dentro de la Formacion Aguja, dichas localidades son: Altares,
Dueto Miseria y Las Garzas en el norte del estado de Chihuahua. Como resultado de este trabajo
taxonomico se han dado a conocer seis taxones de tortugas para la Formacion Aguja de sedimentos
ubicados en México. Los fragmentos de caparazon descritos pertenecen a cf. Baenidae, cf. Denazinemys
nodosa, cf. Compsemys victa, Trionychidae indet, Basilemys sp., y cf. Yelmochelys rosarioae. Con el
reconocimiento de estos seis taxones, nuevos registros se reportan para la Formacion Aguja (cf.

Yelmochelys rosarioae) y para México (cf. Denazinemys nodosa) (L6opez-Conde et al., 2020)
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El conocimiento de la riqueza de tortugas cretacicas en la Formacion Aguja en México se
incrementa, ademas de confirmar la propuesta de una variabilidad existente en la riqueza a lo largo de
distintas localidades de América del Norte, ya que esta variabilidad latitudinal sugiere que las tortugas
habrian tenido un limite de distribucion controlado por la variabilidad climatica, y la riqueza de tortugas

habria ido disminuyendo a medida a que fuese mayor la latitud.

Para evaluar la importancia de la asociacion de tortugas descritas para la Formacion Aguja, se
elabor6 un estudio comparativo con otras asociaciones faunisticas de América del Norte, todas ellas
ubicadas en Laramidia. El resultado de este estudio comparativo arroja la riqueza existente hasta la fecha
en las siguientes formaciones: Fruitland/Kirktland con 19 taxones; Aguja con 12 taxones; Kaiparowits
con 11 taxones; Cerro del Pueblo con 10 taxones; todas estas ubicadas en latitudes surefias de América
del Norte, caso contrario en lo observado en formaciones ubicadas en latitudes mayores, tal es el caso de

las formaciones Judith River con 8 taxones y Horseshoe Canyon/St. Mary River con 5 taxones cada una.

Tarduno et al. (1998); Holroyd et al. (2001) y Brinkman (2003), reconocen que los cambios en
la riqueza de tortugas reflejan un cambio latitudinal, esos patrones son un reflejo de cambios en el clima
que resultan en cambios en el gradiente latitudinal. Esta variabilidad latitudinal sugiere que las tortugas
habrian tenido un limite de distribucion controlado climéaticamente, y la riqueza de tortugas habria
disminuido a medida que se alcanzé este limite. Por lo tanto, la riqueza de tortugas en las localidades del

norte sugiere que la temperatura fue mas baja.
El estudio de fragmentos de caparazdn de tortugas cretacicas es importante ya que este grupo de

reptiles son de los mas abundantes y recurrentes de las asociaciones faunisticas de vertebrados de las

localidades en América del Norte
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A new bothremydid turtle (Pleurodira) from the Olmos Formation (upper Campanian) of
Coahuila, Mexico: Durante el Cretacico Superior y el Paledgeno Bothremydidae, estuvo entre los clados
maés diversos de Pleurodira y ocupaban una variedad importante de ambientes dentro de su distribucién
practicamente mundial (Gaffney et al., 2006). El origen de Bothremydidae es gondwanico (Lapparent de
Broin, 2000) y ha sido reportado para América del Norte y Sur, Europa, Africa, India y Madagascar
(Gaffney et al., 2006; Romano et al., 2014). Las primeras formas de Bothremydidae fueron de agua dulce,
pero posteriormente algunos linajes se adaptaron a aguas salobres y marinas, permitiendo una dispersion
mayor (Rabi et al., 2012; Pérez-Garcia, 2016, 2018).

Gaffney et al. (2006), dividieron a Bothremydidae en cuatro tribus: Kurmademydini (India);
Cearachelyini (América del Sur y Africa) y Bothremydini / Taphrosphyini (Océano Atlantico occidental)
(Gaffney et al., 2006; Cadena et al., 2012). De acuerdo con Rabi et al. (2012), Bothremydini se originé en
Gondwana durante el Cretacico Inferior y colonizé Europa'y América del Norte s6lo de manera secundaria
por linajes africanos durante el Santoniano. Esta hipétesis ha sido confirmada recientemente por el estudio
de nuevos hallazgos, y se ha reconocido que la dispersion mas antigua de Gondwana a Laurasia tuvo lugar

durante el Cenomaniano (Pérez-Garcia, 2016; 2018).

Hasta antes de la publicacién de este articulo, Unicamente se conocian los registros formales de
cuatro taxones para Ameérica del Norte Algorachelus tibert, Chedighaii hutchisoni, Chedighaii barberi, y
Bothremys cooki. Sin embargo, el conocimiento de Bothremydidae en México es hasta ahora muy escaso,

y los pocos registros mencionados no han sido analizados en detalle.

En este articulo se describe el primer Bothremydini de México, colectado en una mina de carbon
Ilamada Don Evaristo en Coahuila del Cretacico Superior (Campaniano superior) de la Formacién Olmos.
Las minas de carbon de la region carbonifera de Coahuila son conocidas por su importante registro en
paleoflora, pero esta tortuga corresponde al primer vertebrado en ser colectado dentro de una mina de
carbén en México. Este ejemplar ha sido descrito y discutido en este articulo como un nuevo representante
del clado Bothremydini. Debido a la combinacion Unica de caracteres presente en esta tortuga, nos
permitié nombrar un nuevo género y especie como Palauchely montellanoi, con lo cual se expande el
conocimiento sobre la diversidad de este grupo en el registro del Cretacico americano (Lopez-Conde et
al., 2020).
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CONCLUSIONES

El estudio de las tortugas mesozoicas de México continla siendo una materia pendiente, esto
debido principalmente a que muchas localidades no han reportado la presencia de tortugas y en aquellas
donde se conoce la presencia de este grupo su estudio no se ha realizado. Esta misma problematica se
observa también en localidades cenozoicas, las cuales de acuerdo con los reportes podrian contener una

riqueza mayor a la conocida en localidades mesozoicas.

Recientemente, los estudios de tortugas mesozoicas han tomado relevancia, y después de ser solo
un grupo de vertebrados de poco interés en los estudios paleontoldgicos, actualmente ha tenido un repunte
su estudio taxondmico, sistematico y biogeogréfico.

En los articulos que comprenden esta tesis se han dado a conocer nuevos géneros y especies para
México, ademas de ampliar el registro paleogeogréafico de varios taxones, que hasta antes de este trabajo
solo se conocian en localidades de Canada y Estados Unidos de América. Por otra parte, el registro fosil
solo era conocido por tortugas continentales y uno de los resultados de esta tesis, fue dar a conocer el

primer reporte formal de una tortuga marina mesozoica para México.

De los puntos importantes que se deben mencionar en este trabajo de tesis, es traer a la mesa la
discusién paleogeogréfica sobre la distribucion de varios taxones a lo largo del corredor hispanico. Ya
que la vision tradicional menciona que muchos organismos utilizaron este corredor a partir del mar de
Tetis para ocupar nuevos nichos a lo largo de este corredor, Laurasia y Gondwana, lo cual se observa
principalmente en reptiles marinos y peces. Pero esta vision tradicional, no aplica para las tortugas de la
Platychelyidae y en especial del género Notoemys, que de acuerdo con el registro fésil se origind en
Laurasia o en un sitio ubicado a lo largo del naciente corredor hispanico durante el mismo Jurasico

Superior 0 un poco antes.
De esta forma Notoemys hizo uso del corredor hispanico para distribuirse tanto en Laurasia,
Gondwana y diversificandose en Europa en el otro grupo de tortugas que completa la diversidad de

Platychelyidae (Platychelys). Con ayuda de la evidencia fésil se puede observar que este grupo de tortugas

94



no siguid el patron de distribucion observado en otros reptiles marinos y peces, ya que las tortugas se

distribuyeron a partir del corredor hispanico a otras localidades de lo que actualmente es Europa.

El conocimiento del registro fosil de tortugas mesozoicas para los estados de Baja California y
Chihuahua ha sido uno de los aportes realizados en esta tesis doctoral. Ambos estados tienen formaciones
con localidades cretacicas, tal es el caso de la Formacion “El Gallo” en Baja California y la Formacion
Aguja en Chihuahua. La riqueza de tortugas mesozoicas en el territorio nacional se incremento debido a
los estudios taxondmicos realizados en estas formaciones ya que hasta antes de este estudio el

conocimiento de las tortugas era desconocido.

El estudio de los fragmentos de caparazon basados en su ornamentacién o textura superficial es
importante, debido a que son los miembros més abundantes y recurrentes en las diferentes asociaciones
faunisticas de vertebrados de la mayoria de las localidades fosiliferas de América del Norte. Como
resultado de este estudio taxondmico, se dio a conocer la presencia de varios taxones mas alla de Estados

Unidos de América, ademés de ampliar el registro de varios grupos a nuevas formaciones de México.

Los nuevos taxones que se describieron a para la Formacion “El Gallo”: Naomichelys speciosa,
la tortuga mas abundante en esta formacion, ademas se ser la Unica localidad en México donde se ha
reportado. Basilemys sp., siendo la primera vez reportada para México. Se ha ampliado la distribucién
paleogeogréfica de dos taxones descritos previamente sélo para la Formacién Cerro del Pueblo,
Compsemys victa y Trionychidae. Finalmente, se dieron a conocer los primeros registros de Compsemys

victa y Chelydridae en el lado occidental de Laramidia.

Los nuevos taxones que se describieron a para la Formacion Aguja: Yelmochelys rosarioae, el
primer registro en la Formacion Aguja y el segundo en México (reportado anteriormente en la Formacion
Cerro del Pueblo). Denazinemys nodosa, el primer registro para México (conocida sélo en Estados Unidos
de América). Basilemys sp., el segundo registro a nivel nacional, reportado anteriormente en la Formacion
“El Gallo”. Compsemys victa, el tercer reporte para Mexico (reportado anteriormente en las formaciones
Cerro del Pueblo y “El Gallo™). cf. Baenidae, reportado anteriormente sélo para la Formacion Cerro del
Pueblo. Finalmente, Trionychidae indet., la cual se considera la tortuga mas abundante en las diferentes

localidades de América del Norte.
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Ademas, se realizd un estudio latitudinal comparativo con otras asociaciones de tortugas de
América del Norte ubicadas a lo largo de la costa oeste (Laramidia). A lo largo de este estudio
comparativo, se observo una importante riqueza en formaciones como Fruitland/Kirktland con diecinueve
taxones, Aguja con doce taxones, Kaiparowits con once taxones, y Cerro del Pueblo con diez taxones,
todas estas formaciones ubicadas en latitudes meridionales de America del Norte. Caso contario en lo
observado en formaciones ubicadas en latitudes altas donde la riqueza de tortugas es reducida tal es el
caso de las formaciones Judith River con ocho taxones, Horseshoe Canyon y St. Mary River con cinco
taxones cada una, por lo que se observa una importante diferencia en la riqueza relacionada a la ubicacion

latitudinal de cada una de estas formaciones.

Se ha reconocido que la distribucion de las tortugas mesozoicas esta restringida por el gradiente
latitudinal, ya que la reduccion en la riqueza de norte a sur a lo largo de estas formaciones nos presenta
una importante influencia de la temperatura como factor determinante. Esta variabilidad latitudinal sugiere
que las tortugas han tenido un limite de distribucién climético al norte controlado, y la riqueza de tortugas
habria disminuido a medida que se alcanzara este limite. Por lo tanto, la riqueza de tortugas en las
localidades del norte sugiere que la temperatura fue mas baja, caso contario a lo ocurrido en formaciones
meridionales. Esto claramente ha sido observado en las formaciones Wapiti (63° de paleolatitdud norte),
donde se ha colectado un solo fragmento de placa periférica 'y en Prince Creek (73° de paleolatitud norte)

donde las tortugas y otros organismos ectotérmicos estan ausentes.

Desmatochelys cf. lowii, es una tortuga Protostegidae (uno de los clados méas enigmaticos de
tortugas marinas), de distribucion cosmopolita, pero con los representantes mas majestuosos distribuidos
a lo largo del Mar Interior de América del Norte, durante el Cretacico Superior. El espécimen reportado
en esta tesis doctoral corresponde al primer ejemplar descrito formalmente de una tortuga marina
cretacica. Este ejemplar ha ayudado a comprender los distintos vacios existentes en la anatomia de estas
tortugas, principalmente de las extremidades anteriores y posteriores, las cuéles hasta antes de este

ejemplar eran pobremente conocidas.
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Palauchelys montellanoi, es el primer registro de una tortuga Bothremydini en México. Existen
varios reportes previos de tortugas Bothremydidae en México, pero todos hasta la fecha informales. Este
ejemplar fue colectado dentro de una mina de carb6n llamada Don Evaristo. Las tortugas Bothremydidae
es un clado de tortugas pleurodiras originalmente de agua dulce, de las cuales algunos linajes se adaptaron
a un estilo de vida marino cercano a la costa, por lo que la salinidad no fue un obstaculo para su dispersion.
De acuerdo con lo conocido en el registro fosil, estas tortugas se originaron en Gondwana durante el
Cretécico Inferior y posteriormente durante el Cretacico Superior colonizaron Europa y haciendo uso del
Océano Atlantico occidental se dispersaron a America del Norte en el Cenomaniano superior o0

posiblemente un poco antes.
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Conocimiento actual

Tabla 2: Registro de tortugas mesozoicas publicadas formalmente en México hasta el afio 2021.

(Modificado de Lopez-Conde et al., 2020).

Taxén Estado Edad Formacion Referencia
Notoemys tlaxiacoensis Oaxaca Kimmeridgiano Sabinal Lopez-Conde et al. (2015; 2017a)
Notoemys tlaxiacoensis Oaxaca Kimmeridgiano Sabinal LOpe;'EI?I r;?g d(g_oolg)e,glaiggzz-gonde

cf. Araripemydidae Puebla Albiano Tlayla Reynoso et al. (2000)
Turtlesp. indet Nuevo Lebn Turoniano Agua Nueva Ifrim (2006)
Trionychidae indet. Coahuila Turoniano Indidura Brinkman (2014)
Protostegidae indet. Coahuila Coniaciano Eagle Ford Lépez-Conde et al. (2018h)
Protostegidae indet. Coahuila Coniaciano Eagle Ford Lépez-Conde et al. (2018b)
cf. Trionychidae Coahuila Turoniano Cerro del Pueblo Aguilera (1896)
Desmatochelys cf. D. lowii Coahuila Campaniano Austin Lépez-Conde et al. (2019b)
Trionychidae indet. Chihuahua Campaniano San Carlos Brinkman (2014)
Trionychidae indet. Chihuahua Campaniano Javelina Brinkman (2014)
c.f. Baenidae Chihuahua Campaniano Aguja Lépez-Conde et al. (2020a)
c.f. Denazinemys nodosa Chihuahua Campaniano Aguja Lépez-Conde et al. (2020a)
Trionychidae indet. Chihuahua Campaniano Aguja Lépez-Conde et al. (2020a)
c.f. Yelmochelys rosarioae Chihuahua Campaniano Aguja Lépez-Conde et al. (2020a)
Basilemys sp. Chihuahua Campaniano Aguja Lépez-Conde et al. (2020a)
c.f. Compsemys victa Chihuahua Campaniano Aguja Lépez-Conde et al. (2020a)
Scabremys ornata Chihuahua Campaniano Aguja Lépez-Conde et al. (2019a)
Rodriguez-de la Rosa y Aranda-
Naomichelys speciosa Baja California Campaniano El Gallo Manteca (2000), L6pez-Conde et
al. (2017b, 2108a)
Compsemys victa Baja California Campaniano El Gallo Lépez-Conde et al. (2018a)
Basilemys sp. Baja California Campaniano El Gallo Lopez-Conde et al. (2018a)
Trionychidae indet. Baja California Campaniano El Gallo Lépez-Conde et al. (2018a)
cf. Chelydridae Baja California Campaniano El Gallo Lépez-Conde et al. (2018a)
cf. Trionychidae Sonora Campaniano Corral de Enmedio Lucas et al. (1995)
cf. Trionychidae Sonora Campaniano Packard Lucas et al. (1995)
Palauchelys montellanoi. Coahuila Campaniano Olmos Lépez-Conde et al. (2020b)
Mexichelys coahuilensis Coahuila Campaniano Cerro del Pueblo Brinkman et al. (2009), Parhamy
Pyenson (2010)
cf. Bothremys sp. Coahuila Campaniano Cerro del Pueblo Brinkman y R&%%%L;ez-de la Rosa
cf. Chedighaii sp. Coahuila Campaniano Cerro del Pueblo Brinkman y R(ozc(i)régl;ez-de la Rosa
Compsemys victa Coahuila Campaniano Cerro del Pueblo Brinkman (2014)
cf. Neurankylus sp. Coahuila Campaniano Cerro del Pueblo Brinkman (2014)
cf. Chelydridae Coahuila Campaniano Cerro del Pueblo Brinkman (2014)
Rodriguez-de la Rosa y Cevallos-
cf. Hoplochelys sp. Coahuila Campaniano Cerro del Pueblo Ferriz (1998), Brinkman y
Rodriguez-de la Rosa (2006)
cf. Kinosternidae Coahuila Campaniano Cerro del Pueblo Brinkman (2014)
cf. Adocus sp. Coahuila Campaniano Cerro del Pueblo Brinkman (2014)
cf. Trionychidae Coahuila Campaniano Cerro del Pueblo Brlnlgzrr(])%rgi Eﬁiﬂﬂ;enz—(ggﬁ)l?osa
Yelmochelys rosarioae Coahuila Campaniano Cerro del Pueblo Brinkman et al. (2016)
Yelmochelys rosarioae Coahuila Maastrichtiano Cafion del Tule Brinkman et al. (2016)
cf. Trionychidae Coahuila Maastrichtiano Cafion del Tule B“nl((zrg%%il S'(’)i(rj]ﬂgmtgenz—(ggii)l?osa
cf. Kinosternidae Coahuila Maastrichtiano Cafion del Tule Brinkman (2014)
cf. Hoplochelys sp. Coahuila Maastrichtiano Cafion del Tule Rodrlguezl—:(i?rliz; ?10538))/ Cevallos-
cf. Chelydridae Coahuila Maastrichtiano Cafién del Tule RFCL C:-:-Iigu(elzg-gse),laBF:i?]s;nz,aﬁ?zlglllZ?
Tortuga indeterminada. Chiapas Maastrichtiano Ocozocoautla Carbot-Chanona et al. (2013)
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En la tabla 2, se resumen los registros formales de tortugas mesozoicas mexicanas hasta 2021.
Este sustancial incremento en los reportes formales se debe a los trabajos realizados de manera intensiva
y extensiva en localidades del norte de México, ademas de que las tortugas se han convertido en el objeto
principal de estudio de distintos grupos de trabajo. Por lo que, al estudiar a las tortugas por sus propios

méritos, ha favorecido su conocimiento.

El conocimiento de las tortugas mesozoicas se puede incrementar mediante el trabajo en un futuro
en otras formaciones mexicanas; sin embargo, lo que se observa actualmente en las formaciones Aguja,
Austin, Cerro del Pueblo, EI Gallo, Olmos y Sabinal, podria interpretarse como una aproximacion a la
diversidad de tortugas que habitaron el territorio nacional. Queda pendiente el estudio de los materiales
reportados en las formaciones Corral de En medio, Eagle Ford, Lutita Packard, Ocozocoautla y San
Carlos. Estos materiales han sido conocidos por reportes informales y otros contintan siendo inéditos.
Actualmente, estos materiales han empezado a ser retomados y a trabajarse formalmente. Ademas,
muchos materiales de tortugas fosiles ain se encuentran en diferentes colecciones cientificas en sus
cajones esperando ser nuevamente “descubiertas” y que durante mucho tiempo no han recibido la atencion

pertinente para poder iniciar su estudio.
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