
 

 

 

 

 

 

 

UNIVERSIDAD NACIONAL AUTÓNOMA DE MÉXICO 
POSGRADO EN CIENCIAS BIOLÓGICAS 

INSTITUTO DE BIOLOGÍA 

BIOLOGÍA EVOLUTIVA 

 

COMUNIDADES DISPARES DE ANFIBIOS Y REPTILES DURANTE EL CUATERNARIO 

COMO UNA RESPUESTA A LA VEGETACIÓN EN MOSAICO Y AL CAMBIO 

CLIMÁTICO 

 

TESIS 

QUE PARA OPTAR POR EL GRADO DE: 

DOCTOR EN CIENCIAS 

PRESENTA: 

JOSÉ ALBERTO CRUZ SILVA 

 

TUTOR(A) PRINCIPAL DE TESIS: DR. VÍCTOR HUGO REYNOSO 
                                                              INSTITUTO DE BIOLOGÍA, UNAM 

COMITÉ TUTOR: DRA. SOCORRO LOZANO GARCÍA 
                                                   INSTITUTO DE GEOLOGÍA UNAM 

DR. JOAQUÍN ARROYO CABRALES 
                                              INSTITUTO NACIONAL DE ANTROPOLOGÍA E HISTORIA 

 
MÉXICO, Cd. Mx.  MARZO, 2017 

  



 

UNAM – Dirección General de Bibliotecas 

Tesis Digitales 

Restricciones de uso 
  

DERECHOS RESERVADOS © 

PROHIBIDA SU REPRODUCCIÓN TOTAL O PARCIAL 
  

Todo el material contenido en esta tesis esta protegido por la Ley Federal 
del Derecho de Autor (LFDA) de los Estados Unidos Mexicanos (México). 

El uso de imágenes, fragmentos de videos, y demás material que sea 
objeto de protección de los derechos de autor, será exclusivamente para 
fines educativos e informativos y deberá citar la fuente donde la obtuvo 
mencionando el autor o autores. Cualquier uso distinto como el lucro, 
reproducción, edición o modificación, será perseguido y sancionado por el 
respectivo titular de los Derechos de Autor. 

 

  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

UNIVERSIDAD NACIONAL AUTÓNOMA DE MÉXICO 
POSGRADO EN CIENCIAS BIOLÓGICAS 

INSTITUTO DE BIOLOGÍA 

BIOLOGÍA EVOLUTIVA 

 

COMUNIDADES DISPARES DE ANFIBIOS Y REPTILES DURANTE EL 

CUATERNARIO COMO UNA RESPUESTA A LA VEGETACIÓN EN MOSAICO Y 

AL CAMBIO CLIMÁTICO 

 

TESIS 

QUE PARA OPTAR POR EL GRADO DE: 

DOCTOR EN CIENCIAS 

PRESENTA: 

JOSÉ ALBERTO CRUZ SILVA 

 

TUTOR(A) PRINCIPAL DE TESIS: DR. VÍCTOR HUGO REYNOSO 
                                                              INSTITUTO DE BIOLOGÍA, UNAM 

COMITÉ TUTOR: DRA. SOCORRO LOZANO GARCÍA 
                                                   INSTITUTO DE GEOLOGÍA UNAM 

DR. JOAQUÍN ARROYO CABRALES 
                                              INSTITUTO NACIONAL DE ANTROPOLOGÍA E HISTORIA 

 
MÉXICO, Cd. Mx.  MARZO, 2017  



1 
 

 

Cienei0t5 Biol6gic ... 

Lic . Ivonne Rlmlrez W.nc. 
Directora Gana,al da Administración Escolar, UNAM 
Pre.ente 

COORDINACiÓN 

Me ptIrmno infQfmar ~ usted que en la reuno6n del Sub<':om~é por Campa de Ccmoetmltlnlo ele 

Biologla Evolutiva y SistemátICa del Posgrado en Cltlncias BiolOgicas, celebrada el dia 7 ele 

noviembre de 201B. se aprobó el sIgu lent@ juraoo par¡¡ el uamen de grildo cIe DOCTOR EN 

CIENCIAS del alumno CRUZ SlLVA JOSE ALBERTO con número de cuenta 510007568 con la tesis 

rrtulada "Comunldadel dllpares de anfibios y reptil .. duren\e el Cuat . ...... rio como unl .... spueota IIa 

ltegel.lclÓl'o", mONleo y 1I cambio cl""',lco", realizada baio la dlrecclón del OR. VICTOR HUGO 

REYNOSO ROSALES: 

P ..... ldent.· 

,~, 

Secretar.:> 

Suplen" 
Suplen!e 

DR OSCAA ALBERTO FLORES VlLLELA 

ORA LETICIA MARGARITA OCHOA OC+iQA 

ORA. MARiA DEL SOCORRO LOZANO GARclA 

ORA. MARGARITA ERNA CABALLERO MIRANDA 

DR JOAQUIN ARROYO CASRAL.ES 

Sin otro particular, me es í/fato enviarle un cordial saludo 

ATENTAMENTE 
" POR MI RAZA HABLARA EL ESPIRITU" 

Cd. UnÍ\lers~.aria , Cd. Mx .. a 13 de febrero de 2017 

DRA. MARIA DEL CORO ARIZMENDI ARRIAGA 
CooROINADORA OEL PROGRAMA 

c_c.p. Expediente de t (lal i111eresaoo (a). 

~ CIEtlC(,.¡ 
~. . 

U~¡d.d .... ~do ' CooftH"",,;i>ft d.l I'ttor-do .... C"''''' .. fI ... ~¡pc.. Ed,fic. .. D. 1 ... p~ ei"",i, .. "" Poo.~oo,. Cd . L·"' ...... ",.,... 
o.,lepciOn ~'" c.P. IIUIO M~";_ D.F. Tr I. S6ZI 700'2 bttp;lIp<""'I.~d",u ... m."", 



2 
 

AGRADECIMIENTOS INSTITUCIONALES 

Quiero agradecer de manera muy especial al Posgrado en Ciencias Biológicas, de la 

Universidad Nacional Autónoma de México (UNAM) por todo el apoyo brindado y la 

formación recibida durante el curso de mis estudios de doctorado. 

Agradezco al Conseco Nacional de Ciencia y Tecnología (CONACyT) por la beca 

otorgada (CVU 326210/Número de Becario 233844) para llevar a cabo mis estudios de 

posgrado, sin la cual llegar a este punto hubiera sido muy difícil. 

Expreso mi mayor gratitud al Dr. Víctor Hugo Reynoso Rosales por darme un lugar 

dentro de la Colección Nacional de Anfibios y Reptiles, a su cargo, para poder realizar mis 

estudios de posgrado, por la dirección de mi tesis, por ser parte de mi formación académica 

y por las salidas de campo para entender la ecología de los anfibios y reptiles actuales. 

Agradezco infinitamente a la Dra. María del Socorro Lozano García, miembro de mi 

comité tutoral, por introducirme en el mundo de la paleoclimatología y hacer de esto una 

pasión, por todo el apoyo brindado y las enseñanzas durante mis estudios de posgrado. 

Finalmente, agradezco de igual manera al Dr. Joaquín Arroyo Cabrales, miembro de 

mi comité tutoral, por facilitar de manera incondicional el material fósil trabajado en mis 

estudios de posgrado, por compartir sus conocimientos en el área de la paleontología de 

vertebrados en México, por enseñarme todo sobre el trabajo de campo de un paleontólogo 

del Pleistoceno y por los contactos nacionales e internacionales para futuras investigaciones. 

 

 



3 
 

AGRADECIMIENTOS PERSONALES 

Agradezco a la Secretaria de Posgrado Rocío González Acosta y al Dr. Martín García 

Varela por el apoyo incondicional y la eficiencia en los temas del posgrado dentro del Insituto 

de Biología de la UNAM. 

Agradezco al Laboratorio de Arqueozoología “M. en C. Ticúl Álvarez Solorzano”, 

Subdirección de Laboratorios y Apoyo Académico del Instituto Nacional de Antropología e 

Historia (INAH), por el préstamo del material fósil necesario para mis estudios de posgrado, 

por la facilidad otorgada para revisar el material osteológico de comparación y por el buen 

recibimiento que siempre he tenido en esa institución por parte de los investigadores que ahí 

laboran: Biól. Norma Valentín Maldonado, Biól. María Teresa Olivera Carrasco, Biól. 

Fabiola Monserrat Morales Mejía y la Dra. Ana Fabiola Guzmán Camacho. También, quiero 

agradecer a las lindas amistades que tengo de esta institución como son el Sr. Aurelio Ocaña, 

Óscar, Leti, Erick, Paty e Iván. 

Agradezco a todos mis amigos del posgrado Miguel, Bárbara, Rafa, Anibal, Monse y 

Celia y sus respectivas parejas. A los amigos de los Laboratorio de Análisis Espaciales, 

Laboratorio de molecular de la Dra. Gabriela Parra, Laboratorio de ecología térmica del Dr. 

Fausto Mendez, Laboratorio de SIG, la Colección Nacional de Arácnidos, el laboratorio de 

Micología y el Instituto de Ecología. 

Agradezco a mis vecinos Jesús, Catalina, Sergio, Edith, Rubí, Natalia, Edgar y Mirna 

por toda la alegría y la buena compañía  durante mi estancia en Mixcoac. 

Agradezco de manera especial a mis amigos del Laboratorio de Herpetología de la 

Colección Nacional de Anfibios y Reptiles Canek, Gaby, Santi, Ulises, Milton, Paola, 



4 
 

Adriana, Carmina y Omar. Al mejor taller de ecología y evolución de anfibios y reptiles 

Hugo, Pelón, Muñonez, Corina, Dulce, Paulina y Micho, por ser ustedes y porque para mí 

serán el mejor grupo que habré dirigido siempre. Finalmente, a mis estudiantes directos 

Victorito, Esme, Dulce y Corina por mostrar grandes cosas durante la realización de sus 

proyectos. 

Agradezco con el alma a mi changuita por estar conmigo y apoyarme siempre y a mi 

familia Mirlo, Mimish, Chel, Boss y Chore por apoyarme siempre, por todos los buenos 

momentos y porque la familia siempre será la familia. 

  



5 
 

 

CUADRO DE CONTENIDOS 

Resumen 7 
Abstract 9 
Introducción general 11 
Objetivo 14 
Hipótesis 14 
Capítulo I. Reconstruyendo el paleoambiente de la gruta de Loltún, Yucatán, 
México, utilizando anfibios y reptiles pleistocénicos y sus implicaciones 
paleobiogeográficas. 

 
 

15 
Reconstructing the paleoenvironment of Loltún Cave, Yucatán, México, with 
Pleistocene amphibians and reptiles and their paleobiogeographic implications 

 
16 

Supplementary material 28 
Capítulo II. Implicaciones en la paleodritribución y paleoecología de reptiles 
escamosos pleistocénicos de Nuevo León, México 

 
30 

Paleodistributional and paleoecological implications of Pleistocene Squamata in 
Nuevo León, México 

 
31 

Abstract 31 
Introduction 32 

San Josecito Cave 33 
Material and methods 34 

Paleoenvironmental reconstruction 36 
Results 36 

Anguidae 36 
Phrynosomatidae 38 
Colubridae 41 
Viperidae 43 
Extralimital taxa 43 
Paleoenvironment 43 

Discussion 44 
Pleistocene Squamata 44 
Paleodistribution 46 
Paleoenvironment 47 

Conclusion 48 
References 48 

Capítulo III. Efecto del cambio climático y estructura de la vegetación en los 
anfibios y reptiles del Cuarternario 

 
62 

Effect of the climate changes and vegetation structure in amphibians and reptiles 
of the Quaternary 

 
63 

Abstract 64 
Introduction 65 

Study site 66 
Material and methods 68 

Amphibian and reptile communities 68 
Paleoclimatic reconstruction 68 



6 
 

Paleoenvironment reconstruction 70 
Evolution of the amphibian and reptile communitites through time 70 

Results 71 
Sonoran Desert paleoenvironment through the Pleistocene-Holocene 71 
Sonoran Desert paleoclimate through the Pleistocene-Holocene 72 
Evolution of the amphibian and reptile communities in the Sonoran 
Desert through the Pleistocene-Holocene 

 
77 

Discussion 84 
Paleoclimate evolution of the Sonoran Desert 84 
Vegetation structure for the Pleistocene-Holocene in the Sonoran 
Desert 

 
86 

Ecological change of the amphibians and reptiles communities in the 
Sonoran Desert through the Pleistocene-Holocene 

 
88 

Conclusion 89 
References 90 

Capítulo IV. Reconstrucción de climas pasados utilizando el centroide de nicho 
y patrones de abundancia 

 
100 

Reconstruction of past climates using niche centroids and patterns of abundance 101 
Abstract 102 
Resumen 103 
Introduction 105 

Locality 107 
Material and methods 109 

Study specie 109 
Relative fossil abundance 110 
Current patterns of abundance 110 
Climatic niche structure 111 
Paleoclimatic reconstruction 112 

Results 114 
DNC and relative fossil abundance 114 
Paleoclimatic reconstruction 117 

Discussion 118 
DNC and relative fossil abundance 118 
Paleoclimatic reconstruction 119 
DNC and paleoclimatic reconstruction 122 

Conclusions 123 
References 123 

Discusión general 136 
Conclusiones generales 142 
Literatura citada general 143 

 

  



7 
 

RESUMEN 

La destrucción del hábitat, el cambio de uso de suelo, la contaminación, la 

introducción de especies invasoras y el calentamiento global están alterando actualmente la 

diversidad del planeta. El uso de la paleobiología o paleoecología para conocer cómo 

funcionan las comunidades actuales frente a cambios ambientales y climáticos ha tomado un 

auge importante en los últimos años. Los microvértebrados han mostrado características 

importantes para utilizarlos como proxies para la reconstrucción de ambientes y climas 

pasados. Los anfibios y reptiles pleistocénicos han sido poco estudiados en México y 

Centroamérica comparado con Europa y Norteamérica y los estudios paleomastozoológicos 

en México; por lo que el uso de la herpetofauna para reconstruir paleoclimas y 

paleoambientes no ha sido utilizado en México. Los microvertebrados no alteran de manera 

sustancial los ambientes como lo hizo la megafauna en el pasado formando comunidades 

vegetales no análogas con el presente. Esto permite que se pueda estudiar la estructura de las 

comunidades de vertebrados pequeños, a través del tiempo, como respuesta a lo cambios 

ambientales y climáticos. Estudiando los anfibios y reptiles pleistocénicos de la Gruta de 

Loltún en Yucatán, la Cueva de San Josecito en Nuevo León y el Desierto Sonorense, en 

México, se infirió el paleoclima de cada uno de los sitios por medio del método de mutual 

climatic range (intervalo climático mutuo). El paleoambiente se infirió por medio del método 

de ponderación de hábitat y se comparó la estructura de las comunidades de anfibios y reptiles 

fósiles con las del Presente, para observar cambios en la estructura de la vegetación y cambios 

en la distribución de las especies.  

En todos los sitios estudiados se encontraron comunidades de anfibios y reptiles 

pleistocénicas no análogas con el presente. Comunidades dispares de herpetofauna 
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concuerdan con el cambio de la estructura de vegetación en mosaico, durante el Pleistoceno, 

a franjas durante el Holoceno. Esto propició la extirpación de algunos taxa en ciertos sitios 

(Capítulo I, II, IV) o la extinción de especies (Capítulo III), contrario a lo que maneja al 

Hipótesis de Estabilidad Herpetológica durante el Cuaternario propuesta en los 90. La 

inferencia paleoclimática y paleoambiental utilizando anfibios y reptiles es confiable, ya que 

se asemeja a las reconstrucciones paleoambientales y paleoclimáticas obtenidas con otros 

proxies como el polen, diatomeas, registros glaciares, sedimentos, isótopos, etc., en los 

mismos sitios o en sitios cercanos. La estructura de las comunidades de anfibios y reptiles 

responde a ambos factores, estructura de la vegetación (ambiental) y el clima, pero el saber 

cuál de los dos es más importante queda sin resolverse. Finalmente, se propone un método 

alternativo para reconstruir paleoclimas con vertebrados utilizando la relación abundancia 

con el centroide del nicho climático (Capítulo V). En caso de no tener un sitio con buena 

representación fósil a nivel comunidad, se puede utilizar la abundancia de un taxón, ya que 

las características demográficas son las primeras en verse afectadas durante eventos de 

cambios ambientales y climáticos.  
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ABSTRACT 

The main factors that affect biodiversity are habitat loss, land use change, pollution, 

introduction of exotic species and climate change. In recent years, the use of paleobiology or 

paleoecology to study how current communities respond to environmental and climatic 

changes has been of great importance. Small vertebrates have important characteristics that 

let us use them as proxies for the reconstruction of past climates and environments. In Mexico 

and Central America, pleistocene amphibians and reptiles have been poorly studied. Unlike 

the megafauna in the past, which used to form vegetation communities not analog to the 

present ones, small vertebrates do not affect or influence vegetation structure and 

composition. Therefore, this allows that small vertebrates community structure can be 

studied, through time, as a response to climate and environmental changes including 

vegetation. We studied pleistocene amphibians and reptiles in Loltún Cave, Yucatán, San 

Josecito Cave in Nuevo León and in the Sonoran Desert, Mexico, to infer the paleoclimate 

in each site using the mutual climatic range method. Paleoenvironment was inferred with the 

habitat weighting method. To observe changes in vegetation structure and in species 

distribution, the community structure of fossil amphibians and reptiles was compared with 

the current ones. 

In the three sites that were studied, we found that the amphibians and reptiles communities 

are not analog with present ones. Disparity communities of herpetofauna are in accordance 

with the changes in vegetation structure from mosaic during the Pleistocene to striped 

vegetation in the Holocene. This caused the loss of some taxa in the sites (Chapters I, II, IV) 

and the extinction of some species (Chapter III), conversely to what is stated in the 

Quaternary Herpetofaunal Stability Hypothesis. Paleoclimatic and paleoenvironmental 



10 
 

inferences using amphibians and reptiles are reliable. They resemble the paleoenvironments 

and paleoclimates obtained in the same sites using other proxies such as pollen, diatoms, 

glacial records, sediments and isotopes, among others. Amphibians and reptiles community 

structure responds to both factors: vegetation structure (environmental) and climate, being 

both equally important. Finally, we propose a new method with small vertebrates, it consists 

in using the relationship between abundance and climatic niche centroid (Chapter V) for 

paleoclimatic reconstructions. Since demographic characteristics are the first ones to be 

affected during climatic and environmental changes, this method allows the use of the taxon 

abundance when the fossil record does not reflect the community structure. 
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INTRODUCCIÓN GENERAL 

El ser humano actualmente es el factor principal de disturbio de la biota (Dietl et al., 

2016). La destrucción del hábitat, el cambio de uso de suelo, la contaminación, la 

introducción de especies invasoras y el cambio climático están alterando actualmente la 

diversidad del planeta (Birks et al., 2016). El conocer cómo reaccionarán las comunidades 

ante los factores de cambio antropogénico se ha hecho una prioridad para la conservación de 

la biodiversidad (Kerr et al. 2013; Titeux et al., 2016); sin embargo, el futuro está lleno de 

incertidumbre (Kerr et al., 2013). El uso de la paleobiología o paleoecología para conocer 

cómo funcionan las comunidades actuales frente a cambios ambientales y climáticos ha 

tomado un auge importante en los últimos años (Louys 2012; Dietl et al, 2015; Dietl 2016) 

para inferir como reaccionarán las especies a cambios ambientales futuros (Birks et al., 

2016). 

La paleobiología de la conservación utiliza el registro y análisis del pasado para 

desarrollar conocimiento, principios y herramientas para conservar y restaurar la 

biodiversidad y los servicios ecosistémicos frente al cambio climático actual y otros impactos 

antropogénicos (Birks, 2012; Dietl et al., 2015; Dietl, 2016). El objetivo de la paleoecología 

es la reconstrucción de ambientes pasados, hábitats y ecosistemas, en el contexto de 

caracterizar la información general de un evento en particular, y reconstruir el clima del 

pasado con la intención de informar sobre los cambios climáticos y su efecto en el ambiente 

(Louys et al., 2012), explorando la teoría ecológica en el tiempo geológico (Louys et al., 

2009; 2012). 

Actualmente, se ha utilizado el registro fósil del Cuaternario porque provee una 

examinación directa de las hipótesis ecológicas, para las cuales estudios experimentales no 
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son posibles por la limitación de la longevidad humana para la dinámica de los sistemas 

ecológicos bajo investigación (Delcourt y Delcourt, 1991). El Pleistoceno, la transición 

Pleistoceno-Holoceno y las fluctuaciones climáticas durante el Holoceno, son excelentes 

periodos de tiempo para estudiar la reacción de la biota frente a cambios climáticos 

importantes (Meadows, 2014). También, permite comparar el efecto de la biota con la 

ausencia y la presencia del hombre en Norte America (Seddon et al., 2014; Jackson y Blois, 

2015).  

Los microvertebrados como los peces, anfibios, reptiles y mamíferos pequeños han 

mostrado características importantes, como su especialización a ciertos hábitats, condiciones 

ambientales y climáticas, permitiendo que sean útiles para la reconstrucción de ambientes y 

climas pasados (e.g. Bañuls-Cardona et al., 2014; Blain et al., 2014, 2015, 2016; Piñero et 

al., 2015; Fernández-García et al., 2016; López-García et al., 2014, 2015, 2016; van Dam y 

Utescher, 2016). Los anfibios y reptiles pleistocénicos han sido poco estudiados en México 

y Centroamérica comparado con lo bien estudiados que están en Europa (Holman, 1998; 

Ratnikov, 2001; Szyndlar y Rage, 2002; Rage y Roček, 2003; Ivanov, 2007; Blain et al., 

2015) y Norteamérica (Holman, 1995, 2000, 2003, 2006). En México los estudios de fósiles 

de anfibios y reptiles son escasos comparados con los estudios paleomastozoológicos y están 

enfocados principalmente en taxonomía (Reynoso, 2006; Tovar-Liceaga y Montellano-

Ballesteros, 2006). Por lo que el uso de la herpetofauna para reconstruir paleoclimas y 

paleoambientes no ha sido utilizada en México (Cruz, 2012). 

Para reconstruir climas y ambientes pasados Eronen et al. (2010a) y Polly et al. (2011) 

mencionan que existen características funcionales de los organismos que reflejan las 

interacciones entre ellos y el medio abiótico que los rodea, llamadas ecométricos. Estas 
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características pueden utilizarse como proxies para estudios paleoecológicos. 

Reconstrucciones paleoclimáticas utilizando a los vertebrados como proxy han sido 

realizadas utilizando diferentes métodos ecométricos como ecología térmica (Markwick 

1994, 1998), relación entre tamaño-temperatura-tasa metabólica en poiquilotermos (Head et 

al., 2009, 2013), relación entre grupos ecofisiológicos y el clima (Böhme 2003, 2004, 2008, 

2010), funciones de transferencia (Hernández-Fernández y Peláez-Campomanes, 2005), la 

relación entre el clima y la diversidad (Montuire et al., 1997, 2006; Legendre et al., 2005; 

Escude et al., 2013), los patrones de hipsodontia (Fortelius et al., 2002, 2006; Eronen et al., 

2010b, 2011); intervalo climático mutuo ( Blain et al., 2007, 2009; Polly y Eronen, 2011; 

Smith y Polly, 2013) y la tafonomía (Holden et al., 2013). 

La estructura de las comunidades de anfibios y reptiles presentan una respuesta 

directa a las condiciones climáticas de temperatura y precipitación, así como una restricción 

ecológica a ciertos microambientes, además porque tienen una movilidad reducida (Araújo 

et al., 2006, 2008; Gibbons et al., 2000; Sinervo et al., 2010; Vitt y Caldwell, 2014; Louys 

et al., 2015). Además, los microvertebrados no alteran de manera sustancial los ambientes, 

como lo hizo la megafauna en el pasado al influir en la formación de comunidades vegetales 

no análogas con el presente (Guthrie, 1984; Johnson, 2009a, 2009b; Gill et al., 2009, 2012, 

2014; Faith, 2011). Esto permite que se pueda estudiar la estructura de las comunidades de 

vertebrados pequeños, a través del tiempo, como respuesta a los cambios ambientales y 

climáticos. 

Cambios en las comunidades de mamíferos a través del tiempo han sido las más 

estudiadas, argumentando que los cambios en la estructura de las comunidades se deben 

principalmente a cambios climáticos (Blois y Hadly, 2009; Blois et al., 2010; Royer et al., 
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2016) o cambios de la estructura de la vegetación (Stegner y Holmes, 2013; Rowe y Terry, 

2014; Stegner, 2016).  

OBJETIVO  

Comprender el dinamismo de las comunidades de anfibios y reptiles frente a cambios 

climáticos y ambientales a través del Cuaternario y con ello entender cómo se podrían 

comportar las comunidades a cambios climáticos y ambientales futuros. 

HIPÓTESIS 

Los cambios de la estructura de comunidades de anfibios y reptiles a través del tiempo 

son resultado principalmente de cambios en el clima (Blain et al., 2015; Kemp y Hadly, 

2016). 

Los cambios de la estructura de comunidades de anfibios y reptiles a través del tiempo 

son resultado principalmente de cambios en la estructura de la vegetación (Bochaton et al., 

2015). 
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CAPÍTULO I 

RECONSTRUYENDO EL PALEOAMBIENTE DE LA GRUTA DE LOLTÚN, 
YUCATÁN, MÉXICO, UTILIZANDO ANFIBIOS Y REPTILES PLEISTOCÉNICOS Y 

SUS IMPLICACIONES PALEOBIOGEOGRÁFICAS 

(Revista Mexicana de Ciencias Geológicas: En prensa) 
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Reconstructing t he pa leoenvirOlll11ent of Lo ltún Cave, Yucatán, Mexico, 
with Pleistocene amphibians and reptiles and th eir 
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Col. Qmro, C;,,¿,d <Ir M .. "óc", 06001. Af."óco. 

' Cnlcccw" NariD",,1 de A'!Ji!"'" y /Uplib. D.""rrm,,,,,,,ode 4>obgú" I."¡,,,IO rIr /liQ:tIglÍl. U"¡"crsid,id N/uiD,,,,1 A,,,6,,,,,,,,, de ¡\''',,¡ro, 
Ci,,,~,,¡ ,Ir Mh:u:o, Ci,.md U"ivcrsiMrlÍl. 04510. M'''u:o, 

"cruz s; Ivaj lIr@ly"lI()<l,cot",,,,,, 

AIlSTR ACT 

I.oltlin <:1,'" in Yucatán peninsula is an importal\! fo«il ,ite. The 
ca", pl'l'SCrw, Pleistocen. fau,,,, and tithic tool~ ano:! il;, """'8' t he 
fcw lite' witn ampnibiall and reptilc fouils oflhe .\I""i""" Plci stco:."' •. 
\Ve used lhe Ú),sü''''phibi,"s .IId reptU", oom,,,,,,,ilyto r,,",mlmel 
lhe p.l 'odimOl~ .IId p.lcoenvironmrm of !.oltún ca"t in Ih. I.."r 
Pl. is\()ccne. Th. PlciSloeenc amphibian and re pti les e(¡mmunity in 
LohUn ca"t consisto of OI,e frog, thrf<' !i1,ards. ro", snake, and m", turtlc. 
Al'l'lying the ¡¡ahilal Weignting ",ethOO 10 !he fo~il nerpet<Jaunal 
a'lICmblagc. we infcrred a vcgclalion mol"lic ",.",,,,alog wiln Ihe 
preSttll o"e. oompri,itlg e",ergrf<'n se~oo n.l Ú)ma, lropicol dui<loo", 
fo .... 1 .00 s~rub fo .... l. in eo"t,..~ lo m., tr<l\l;';"l Stmi.aeckll.l)us !Qr~ 
ú)"oo nowod')'S o",,,!Id l.o!tú,n ~"·~.l)sin gthc M111l1.1 OimOlk Ra"g~ 
(MCR) method we i,,(erred a mean .""ual temp .... aturc of 25.33 'C 
and amean "nnnal precipilatiOlI of! 183.74 mm; the temper:llure was 
1.47·C r,wcr and Ihe '\IAP "'a' 8S. 1.\ mm higher man lhe prescm 
di""'I" <oudili,.,. 

Is lhr nrSI time In.l. p.lcodim.lÍ<" reeonSlruclion l1sing 
• m~<hibi. ni . "d rrptik. itl • tr<Jf'kol r'1\;otl ii mode l1sing Ih~ MCR 
melhod_ Our rcsults are in coneordanee w;¡h other paleodimat ic 
inferenee. m;ng fo~il poll en a. a proxy. c:<lending Ihe u,~ of!he MCR 
method 10 differem dim:llic r'lliooi _ \Ve foond a ratlge shift of ¡he 
iguanid C"'""""um sub~1JJ' I.og<,nia¡¡¡"m duringl he l.ale PleiSlOCl'nc. 
of 446.4 km nort h of the p,..,seoll di stribulion. ,urcly giveo' by Ihe 
dimalk .nd vegctOlÍQII "ruclur~ d,.nge, in lhe p' st . 

Key words; Paleodimate; palC'O<'nvironment; amphibians; replilei; 
Plei,¡oceno: Yucatán peninsula. 

RESUMEN 

Fn ,,,J>t'''¡''s,,1n de \',w,'á", '"gr''''' ,¡.LoIn¡M Q ''''sitio ;mporrmu~ 
por 111 pref<'M<i~ 11. f" U"" plcislfldMirll jo M ro ellft herra ",icM las IíriCIIS. 
liSie rs "M O dr los pocos Siliol coMfósiles ,le "Mfibios y repliles d.1 
P:ei"'lU"" e" ,1 ""de '\"xiro. Sr ",ilblla co"."'''lllli f6sil d. miflbios 

y re1'ril,s f'l'm rcroM,~ u ir el f'l'1,oa",bi'MIC y pakMlin,n <1, '" gr"~, 
rIr l. pI,,, M pllrll el PlcósIO,,"M O TII"/j,,, <I,bí,*, 11 '1.e 111 hcrperofa"MII 
prcJi'MIII c"'IICr..rhriclIs i",p""lIm.s pllm '" "'CoM,~",,,ióM ,le ~""'ieM"S 
f'l'S<"¡0l. W co".",i.-iad de mifl/>ios)' "'1'li/ts ,t.1 Pleislocc'lO lirrdio de 
"' g""~ de '-ol"i" C()I"Sisk' '" w, m",m. lre¡ s,,,,nos. d ,ICo Ji'rpietUn y 
""" lorltlg~. Por ",.dio 11.1" "I'6'c"d6M ,lel mbodo ,1,P(mdmlciót, ,¡, 
Háb~m paro la co,,,,,,,;'¡ad herpdof"",.,ricllfó<iI. '~I",do ;'ifer;r 'l"~ 
""islió • M "'o",iro 11. wgrlllCióM. MO IInd/¡¡gQ COM el prcf<'M le. ronSlil.¡'¡O 
rIr f<'lm pcreMMifoli~, bosqu. lropiclIl C",I"rifolio y ",nJar",1 Xcr6fikJ, t " 

ro,umposici6" ul rosq'''' lropical $ulx:llliudfo lio P"'f<'''1e e" 1" IICIU<llidad. 
li,,,,bUln. Ji' ¡'iflrió "'''' ""'penHum p m"",diD" "'''' I de 25_JJ 'C y'''''' 
prccipit"riót, promell;o m",aI d. I.l 8J. U,,,,,,, ,;",,10 1. 47 "C ;'ifer;ar 
J 85. / 4 m", superior" /,,¡ cot,d;dot' .. r/;tn<ilÍcru II(I"alQ; p"r~ m~$ 
e;r;"",riot,esuUló el ,""radotk Imer,.,'¡oC~',,,tÚicoM,, n<o (ICM). EJ In 
pri~,ern wz q"e f<' renli;w "Mil reroMSIr.",i"M f'l'1'<Kb"u!licIl "'ibzaMdo 
el """0/10 11, lCM roM aMfibios yrepul .. eM "M~ regidM lropical. N",s~O$ 
M',,~ra'''$ ep,oe,,,,nJatl om ",s ¡'if .... ""IÍl. ",,1,oclimáriclI¡ ... aliZilMs co" 
pole" f6si l. exre..ai",do el , .. o del ",élOOn ICM a diferem", regio,,,s 
d",';¡;c"s. S, ;'if;u~ ,m ,,,,,,bio H' ,,, di¡rr;lnu;ó" d.O,,,,,,,,,,,," 
1',IJgb",ro Logm';O<a\,m ,A""",, ell'k;<laa"o. 446,4 km tMM al 'IOrled • 
SI< wSlrib"ci6M "","aI.lo C"aI f<'g""''',"M lo" f u. prod"rillo plY los CII",bio! 
en 111 .!~"rr"rII de I~ ..-grllleroM y Imell",biM d¡",Jlicos. 

Al .,I", .. e", ,',; Paleocl~,,,,; paiep",,,l>ic ,u,; anfibios; ",plile!; P'.ei""""IO; 
pen¡"",", rU y,,,,m.l,,. 

INT IW DUCT ION 

T he fim study of ""I~¡jbian, ano:! replilts fro", 1 he Plcistoceo"" 
in .\!""ico wa¡ l'erÚ)m",d by ¡,allgerorld (!953) in m,a"y ¡ites el Ihe 
Ylicalón p~~jn.lll •. Lo"gchartd (I'.lS 3) "1'0rto.1 .ix "'>:o of O"li"""" 
liz . ,,!. . nd .nok~ .ud desaibeJ IWO UlinCI 'puí .... n igu.nid 
(ae"""a"", ptl'",~,,;U~ris) ~nd • ntlll1siid (bp;rIopl,}',,,~ lIriulogl}'· 
1'h"s). BOl), speries are still valid (Rcylloso. 2006; Chá\'C'2·Galvó.n el 

al .. 20 ! 3). Othcr herpetofaunal ,lUdies of the Pl.istoce .... in oouthem 
'\!oico inelude me deSCril'liun of Trllrhe",ys in nbasco. Tmche",ys 

eru.. loA" AHoyo·Cobrol .. , j., R<y"">t" .. V,H., 20¡6, RKQ<lS!tu.;lifIJ ,h. pol ."",vfronm.nt of Lohiln e ...... rucot"", M":dc,, ... ·ith pj.io;t"",nt ornphibi", . ",d 
'''l', il .. .,J ,he;' p.l.oo~"'S"r.rhk Imrbc.,loa~ R,-",Iota Meñ:. u d~ CI",ci., G",lógl<o .. y_ n, üm, )., p. 14 .. 154, 

'" 
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serip "', J"lt1Ojle mt>" seorpio;dI>s and S"'''''"ypU¡ \1'_ in Chiapa, (I.UJl.l

f"'l'inoza o"dC .. bQI_Ch."o"., 20(9), Ki"""m,Otl hirlipn/imegn,m 
.00 Gophen,¡ '1" in On"", (Cruz e' 111_. 20(9) .ud O"",!;,.., ""gr4ll""'S 
""d Ooro</)/.¡ sI'. in Vcracru~ (Pdla_SerranQ e' 111., 20(4). 

011. Q( Ihc mQSI in", ,,,ivdy Sludicd ,ite, in !he Yucatán península 
is Lonun ca,'" The Qruy sitcs in .\lcsiro Ihal ha,,,, oc.e.l sl"ren"'tirally 
cxcavared w ~h comroncd stratigr"l,hyare 1.011';" ca", and San ¡Q¡ec;'o 
ca"" NuevQ 1.00" (Arm)·o.C.lml<'S .nd Pd~oo, 20(3). Sina Ihe l>st 
r".r¡o (lh~ 1980d"",dc, I¡'~ .rch:lrological.nd l'oloomologicol ,ignjfl. 
Clnce Qf Lolllín cave .... s e"'l'h.\4ed by l ile di:;O;QVcryQfPlcistQanc 
fauna and Hlh ic toOj, (Arro~Cabrale, a/ld Alvare,. 2003). Ir i, orle Qf 
me fcw,it<'S in ,""them Mc:dcomat h"" Pldsto-<:e'Ie fo<silamrnibl"", 
and r'-'l,ti\e~ The l'a\e-Olllological <t udies of Lolt,;n cave have foc u¡ed 
011 ma",mals íEan, 1953: A¡"'are>; and Polaco. 1972: .\lcrcer, 1975: 
Cope, 18%; Alv.ru . nd AIT<J)"o-Cobralcs, 1~9Q¡ Arroyo.Cahral e-< 
."d A!vurz, 199Q, 20(3), ¡><lll en (XelIll1.mzi-LóI'e2, I ~86: MQutrJ(or, 
1987). moll ... ,., (Al"",ez and Polaco. 1~72). bird< (Fi,hcr, 1 ~ 53) aud 
amphibi.", ."d repti!C$ (Lal\ gd,artcl. I ~53). 

Amphibi.", and 'q,ti\es can be good pa~oIogical prox;esbe_ 
ca"", thcr are ecologically, CI hologicallyand pbysiologically rrstrictc<l 
10 mkroh:rhitat' a ,>d spccific ellvirOlllne"ts, 'I\d u",uy '1"-";'-" ha", 
relXrictro goog"'l,hic im.",ol! aud.re urrÍloriol (Vin .ud CalJ .... dl, 
20 1.1). T"e¡~ .uim.\¡ . re Sl'td.li~"¿ 11.1 (:eruin dim'lir oouditions 
allowing Ihe reconstruC!ion of ~nvironmcnlS fmm l'ast climate, 
(Eolman. 1995: Blal" "' a!" 2006, 200~, 20 lO, 20 1 !. 20 12, 20 I 3, 20 14. 
2015, 20 J 6). h, thís stud)-', fo<sn amphibian 'I\d r'-'Plil" re"",in< from 

N 

A 

'00 '00 

kJlGmeter. 

Reeom,mc,i"g ,¡oc paleO''''l'i,."",,,,,m 01 iol"", cm", y,,,m.ln, Mexiro 

Lo/lun cav~ ......... e analY'-"d in oro ..... 10 inf .. Il lhe site l'al<'OCl\vimn
metl! .nd palcodimOle .nd 1) thHh. ng"" in 11, •• ml'hihian .nd ,.,,,n, 
{O",m lln~ ie-< dllring Ih~ L.te Ple;stQ,,,n,, in 11", Yllcol:in l'."i"!iuh_ 

LQlt ú" <",'C 

Lolt';l1 cave j, localM in Ihe roul h .... CSI p .. rion ¡;j Ihe Slale of 
~'ucat:l>1 (México~ abo UI J IOk", IOUU\ of .\l~rida 'l\d7 kmsourhw",1 
fmm Oxc-'=h, 01 .n elevOl ion Qf.IO m >.¡J. h$ gcogrOflhk cooroiu:lles 
.re 2<1' J 5'1 .1.35" N .. ,d 89°27'20_R2"W (Figure 1). The site Í!; Iocoledoll 
Ihe foQtl,ills of th~ skrr. de Tirul, in a h nt region ... 'Ih SC'o'eral l)ll es 
of sol utiQl1 fcat ures ul'QSW in Mioc~'Ie ,ocio; (Armyo.Cabral ... lId 
ÁI"""". 2(03). L"luln C3\1' is a" .""I- .... e¡ t.oricntcd series "f tun'lel¡ 
a",d ch.",ber<. ¡I has ni",,, chambers cl .... hich Lohu" a ,><I Nahkab a .... 
u\<'d a' Ihe beginning of a looriu ro ule. Tite excamlion, from ",lIleh 
¡he fo,.U m.urio! fQrthis stl1dy .... 1l1; Qbt.ill.d .... "re m:>de jll tl", Hll",hU 
d"mbrr (1 ['''eh m.~1\S ormodillQ in m 'ya bngu:oge) (Arro)'Q-Cobr.le-< 
andAl"",,,.I990). 

The ,,~rn'"atÍ"'" ... "re carrie<! " ul using a m.triegrid ""d controDed 
¡tratigraphyduring fo ur ¡eason¡oo .... ea' 1977a,><I 19I11 . lbe l"velsor 
la)-<'r< r;i th" SffI uc",ce mn be di,ided in1-O Iltr"" main group' (Figure 
2) (Schmidt, 1988: Arroyo-Cabralcs ",><1 Ak.rc¿. 2(03): 

Croup l. I.cvtl, 111.1 V¡¡ a .... from ¡be ( ..... mir Slagc, huI ",ri,,~r 
.nimol rcm.in,.re íound in ¡he hQ(!Qm Qf1,,,,l VI! . 

Croul' 2_l.cvcl VI!! js fmm lile Prc-Ceramk Sr::rge: il indud .. !lOme 
lilh ic clements "I\d CXlinct fauna. 

Group 3. ¡..,vd, ¡X to XVI are PI.,; «,¡.cen e in ag<', witl\OUI any 

f 

~ESF _M' 
82221" 
~TOF 

IIIIJ TRF 

~TSDF 

". 

Fill" fe l. U¡hli n ,,,",,,, jo Y~,otán (hb.ck ""inl). Hab;u, ')'p<'I ,;,., nd jo ,h" Y"c. tán 1"" ;"'"1. ",,<1 nortl< 0."..1 Ame, ,, .. : ,mpi", ] rai n to, .. , (TRF). '-"""Ii'
.... ""'>.1 fu, .. , (ESF).,mpical .. m~d.ciJ OQu, fQ05' (TSDF\ '",!,ic. l d.dd, ,,,,,s fono, (TDF) .• ",ub ",reSl (SF).,d m<1<1UJ1. 'Y'''''''' (MS~ ),.hHfled mop [rom 
0""", .1>1 .. ,;., '" ,J. (2011 ) 
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C ... z,ral. 

LAVER 

lZ'12IEI 
r=:::::::J " 
~ ,,""A~IC"SH 

~'" 
~" 
l!lHllO " 

==" C- ::;'::;:;¡VU 

~V'" 
~lX 
~X 

E"5l " 
~X" 
~X'" 
~X'V 
~XV 

r:.:.:. '; ',,~ X\1 

~ MA~T"()D(", 

~ RO(:U 

Figu,e 2. Sw,' iguphy (,..Jr..wn fmm Áh .. ,"~.nd PoI.oo. lt71) o' EI TOfO 
U,il . Lol,ún O" ... YUC>.1ln p.nimuh . H 11_14, «"" .. , Im. bon,. 1.0&)'" l . darl; 
hIO"'Tl .. dim,nt: Lar'" II. ¡¡gll b''''''n .. diJntft1 : La) .. , 111. dllk h"".n .. .¡¡
me" ~ Layer IV. dock b",,,,n ..-dlrnen!",ith I<)(U: Lare,V,hed rods; Layer VI, 
d.,k ",,1 ,<>1 ime"~ L.)"', VII. ,«1 sedim<nt: 1.;1)"" VlIl. " S'! ,e.1 ... -dlmen ~ 
I.o&)"t, IX. d1!X ,«1 ..-dimeo~ I.oye' X.ligb' r<>l ..-dim..,~ l.ayer XI . vole",,", 
. ,h (lto6se. u tephra), l. . ye, XII, red sedJment: I .• yer XIII, cornpac.eJ d1!k 
,eJ sedimon" t . ),,,XIV. dork ,ed ..&m,ft1; I..ye. XV. rompacted do rk fed 
.. ditntm ; L' r" XVI, y' U"", "d d . y_ 

""hural m. ter;:,!. Vokank 0,11 OOtT.hled to Ihe Ro¡.st:w Icphro "'" 
dated as 2B.400 }rs BPbyradio-ca,bon mcthod (uncalibrated. Ram¡~"o 
"al .. 1979) al\d 32762 ± 296 cal yrs BP (Dan""sloekc. 2007), al\d oc" 
curs in 1".¡tI X!. 

.\-IATER IA!.SAND MET Il OOS 

Fo • .;! re",a l" . 
Th, amphibian and r."tile fo .. ils !itudied ",,,re fotmd ¡" Loh ';" 

cave;" the "'que",,,.,, "-'!lf¡rled as Gro up 3 ",hkh compri<es ¡ ... ·els XII 
\O XVI. ",hkh are oId ..... !han 327B2 ± 296 cal yrs SP (Raml~'lO " al.. 
1979; Arroyo-CabroJes . nd Áh'",,,,,,, 2003). Thf fos.s il "m.in¡ "¡rre 
cmnl'.",d lo ", fertnc~ o!trologk i l materi.l (rom ¡h~ L.hontoriQ 

'" 

de Arq uro1.oologia ".\1. ell C. Ticu l Alvarez Solónano". I"'titulo 
Nldon.l <k Amrol"'logí •• Hi!itori. (OP) .ud IheCoIC(ción N:>d.-:m.l 
dt A"fihios y Rqlliles, Vnivmkhd N",iQ"oJ AuIÓtlQm. de Mé¡¡-iw 
(CNAR). The bOll~ ",ere idcmifled using thecriteriagi'l'" byHoIm.n 
(2003) far a11urn11s, Aufff11bcrg (1963). l.aDuke ( 199 1) aud Holmatt 
(2000) for .. ,akewrtebrne .",d llldr rcg;onali1.~tio'~ rovans (2006) for 
~,.ards a",d Preslo" (1979) feo- lurdes. The ",mainl "",.., labded as LC 
(Loh ú.n c.ve). ,,,-,mberof o:uv.t ion o"d thf lcve! i" rom." n"m be .. 
(rom ",,¡rh ¡he m.leri. l "'" ohloinro. 

paJ <",~n\' iro"",ent.l r~wrt; tr uctlo" 
111 arder to ",co"'truct the paleoe nvironment. "" use<! !h. Habita! 

Wtlghting .\l cthod ",ilh sb different lypeS r:Á habitau fo und in Ihe 
Yucatá" pen;",u la a"d 'lOnh.,.." Central Am ..... ka: tropical rainfo",SI. 
(TRF). cverg",en seuon. llO",SI. (f;SF). lt"(Jpkol semi·dedWalli fO"'5t 
(TSOF). l"'I'icol &'ddlOUS lO""l (TOF). s,rub fo"",t (SF) . 00 montone 
s}~tems (MS ). de!l<ribed by Cor",a-Metrio" aL (20 11) (Figure 1). 
This mcthod «m,iSI< in I/$ lablis hing, firs~ th e p", .. m-day habitO! 
di stribulion of ""h amphibian a",d r."tile taxO!~ r""h 11""';"; m;eives 
a ,",O"" for """h habitat 1Yl''' proporl;onal lo babitat prefef'l'l>C<: !he !Um 

r:Á &rores fo. aH habit:u I}pes feo- CJ.eh 11""';'" j¡ I (lIIai,,"" l. 1(08). 
11,e re<:omtruclion of Ihe l'.¡coem-ironmfltl :or. lhe 5t1l<iy site duri ng 
!he L:or.r Plei'loce"e ",., dete""inM by mmming ti", '00"'" of .. eh 
habita! type for al! spec;";. TI" habita! tn'" wi!h the highest !l<ore is 
int.;rp"'led as the predominan! habilll.t tw~. 

I'a lcocli ma l;' ,~eOl" tr" C1lo" 

The MLl ual Climal;' R.nge ( MCR) ",,,hod "">s use<! 10 re<:o~

Sl.ru~1 th e Lale Plei!itoce"t p.leoc!im.u ~ t"(Jund l.ohún cav.. This 
mC!hod cousi5ts in calruhling tI,e polCmioJ p.leoc!im'l k ",ndition, 
b), idemifyins !he ge-ographic ",sion whe", al! th~ species in the local. 
ity or in a strn!igrn~*,ical le"d currrmly Ij~" (Blait\ '1 al., 2009). It i, 
aS!>lmed that !he O\-erlappinS a,..,.., cA!he cur",m d;strib uoon of eao;h 
taxon occurri"g i" th" loca1ily comai" me c!imalÍ< co"ditions lhat 
were p"",e~¡ i" the p alt; i" Olher words, lllf clim. lÍe .onditlou¡ tl,OI 
,.-er. pr~,nl in Ih, local ity "1,.,,, I¡'" fo .. U [om m""i¡ y WIlló fa md. o", 
"'preo;cntcd by the O\"rlal'l'ing cA the cnr",m di'tributious. 

Foreach (o"il taxOlla 'l",deo; distrihm ;on model (SDM) ,.-a, 
conSlmcled. To accoml'Hsh lhis, localil y dala fro", nal ural his· 
IOry colle-cl;om sueh as SiSlema Nacional de Informadó" robre 
la Bioc! ;versi«!ad (CQNASIO. ww"'.conab;o.org.nll ). lhe G lobal 
I\iodiversity In Í<lrmO!ion r .. cUily (GBlF. _w.ghiforg).dato "-'P'lrted 
in lile"'t"", (l...,. 19%, 2(1()(); Caml'hell. 1999; Kiihlcr. 2003. 2010) 
aud the (".oIe<:ciÓll Nacional de Anfibios y ReFtile s(CNAR). Instituto 
de Biologi ... Universidad Nadonal Autónoma de Mb:ico, W('" u,ro. 

The SD.\h ,.-erc comlrl1cltd u s;ng lhe .\laxl!nl v3.3 roflwarr 
(Phillil's" al., 20(6). ", hkh a Uo"" lhe u¡¡e r:Á SD.\ls for explori"g a",d 
I're<!i<1 !ns !hfuxo"'sdi¡X ribulio,, cven when 11,inS ' sm.U ¡;¡;mple siu 
(Wi ... el al .. 20(0). r",r .. d, Sl'ec;" s, len dblinct IOOdels w"" gentr
:t!ed using the boorsrmp s.ml~;ng . nd e. d, modcl Wllló volid.t ed ,,1lh 
3O%0f!h. original ",«>nl<. To """Iu:ue the modc!' the a",aundcr!he 
curve (AVC) gcnernted "';th th. RO e te<:h " iqu e (Recciver Operntin8 
Ch ... ""teri5tk) ",a, u..-.:l. The potcm ial disltihu!ion w, .. ootai",Nl b), 
rn:lal~f}ins "';lh the 10 ",n"",j¡' rm¡"j"gp",~,,,,~ from !heav ..... age 
oflhe len model , m >de fore:och lI,"de s, As . rr:;ul l. ' bin.r¡-' mili' WIlló 

c",.ted showi"glheoptima! dimi\lkcond it ion,( I '" opl'mol.O '" GOl 

oplimaO for cach ofthe living laxa thO! "'1",eo;"'lIlhc fo .. a amphibiatt 
atta ",ptileo; foond in l.oi tun ca",. YUCalán . 

Tbe val"", s r:i mCJn annuallC1nllCrnlu ,.., (.\lAT) and mean "''''ual 
pm:ipÍlalioo, (.\IAI') fur ¡he l.ate l'lci 'locme;n LoIlún cave obtai"",d 
Wilh !he mUlual dinlatie range "'''Ihod w'-"" compare<! wi!h Oxkunah 
Yi.tanón. the d~~ ""lIIhfr !it:t!ioft 10 lb. LoItlm ctve(smn.m •. gob.mx). 
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RESULTS 

F.om ¡he f~ln ",m.in, fwnd in ¡he Lo]¡ún ave, wc we", .hlelo 
identi!y onc amphiblan (Rhi.,Qn ~",ri. n), and Iwo H=d, (Cr".",n ... ~ 
¡{'¡e.SI" and C. si~,i1i,). \Ve al,o found fo<sill from onc li,ard th at 
bdo" B' 10 Clmo.«",m , ubgenu , l.og"'uo>"",,,,; five S1l3.u,,; from rn e 
ge .. era /lon, Col"", .. D')' ... ",,,,,,,,,, I.m."ropái. ""d I.qlo>phi., and a 
tur¡j, (rom genw; Tmd,f"'YI. 

~'ue",alk joalcoUl ology 

0"" Amphibla Blai "vi l.,. 18 16 
Ordcr Anura Fj~h ... von W;¡!dhcin\ 181 3 

l'amily Bufonidae Gm~ 1825 
Gen" , Rhi,,"Q~ Filúnger. 1826 

Rhi"dl" "",ri,,,, LI 11 " .. ·u • • 1 ¡S8 
Figuro 3 

/It"", "",ri,,,, Unn.aru ", 1758, Syl~ma Naturac. Ed. lO. 1:2 11. 
&10 IIInrinll,S<:hncidcr. 1799. ¡.¡;,loriaA mphibiorumNa¡urali ~ 219. 

0.11111"" """'''"S Fro..x <1 al .. 2006. ill1lletin oflhe Amori",,, ),.l w;el1!n 
ofN~ll1ml Hi..xory. 297:364. 

Rru.ell" ", arl." Pramuk el aL 2008. HerpelOlogi, a. 63:21 1. 

De>er lplio l1 . Thc radio. ulll3. (LC 360-X!I ) j, ,lighily comtrktcd . I¡ 

ha, a largc quadranguJar radio -ulmr foram",~ lu y domem', fCoxe§ló 
i, in form of . 'pin •. Th~ "'poroti<m IIft ... "en tlli mdi.1 pllK~<S .nd 
the l1ln.rprocn, j, we. k. TI,., radi.1 pro e .... i, oonse,,"ed "1) lo Ih. 
middl. of Ihe uh, ar part. In dorsal view. Ih, troxhal\ler div.rges al "" 
a"slc 0(90". lt ha' 311 uln", I.:.:d. ]n lateral view. lhe a,~erif\r radi~ul"a 

rogo: ], sljghl~' ang Ied. 
Tho """,mh " ... Irora (l.C 360·XlI) h", aH 0'> .. 1 Cútylo Mlh dorsal 

edg,," in o U·lik. formo 11," "euml 'pine il II,;n . "d ,hart. Th~ .. ".
.., ion h ... _en ' he 1' .... "7 YB'I'j)I' I ".. ,~, 1 .rt le, ,1 .. f,ce" i, IN< , 11>n ,hei. 
width. Th~ I"l'I>;yg:tp<tphy,nl kffl m'rg~' from Ihe I"Hurio. "", .. 1 
'pi"e. The ,,,,ural are l! l, dc¡Y"",,,d and con""". 

Th. :r; tragalu, (LC 359-XlI) has a distal e""al. a smooth \(ln;ion of 
¡he Cb",,,,~ and a rolluil f..-n~ The dl\tal c¡':physc, ha, a Irla.ngu llr 
,ro<s-sa:liot~ 

,\ lwerl " l. l.cfl mdio-ujn. (LC 360·XlI),. ,,,,"emll "eneb ... (Le 360-
XII ) .ru:t . lcft .,lug.I,,1 (Le J59-XlI). 
Dl s~ uHlon. Tlle si1." oflhe material ,a" (11 1), be ,ompared 10 big 
anu rat" of Ih~ counlr)' lil.:.: Rhi.,lIa n,~ri.a (DP 732), UrJlObm .. 
cme$~;"'"'' {DP S086)and Urhoblllr. meg¡¡poaa (CNAR 15686). Tho 
radio-ul"" i, ",f ... n:d \O ¡¡I,i,,,,II .. "",rilla because they ¡han: Ihe follow. 
ing ,h",aoc",rislic,: a smooth 'OOl <tric I iool, a qua.drangular radio -ul"", 
fo ... m.", spi,,~.lik, Y pr<K"'''' • Ihort diltona hNwee" Ihe ... di . 1 
."d 11l" .. proc~<s. * ¡1"Qchamer d""i.¡ion of 9(10, . nd • ,Hghtl y .ngled 
ame '; or " dge (TaMe 1). The Sl""nth ver",bra i, ", ferre<! \(l R. """i.n 
l>ecause oflne presence of an "",,1 ro!)"l" ";Ih dor .... 1 roge, i" U·likr 
form a,x! a Ihin a,x! Ih..-I ,.,rural Ipi",,,. The SCl'aralio1l b<-twccn ¡hc 

,) 

Fi¡¡ "le 3. /!Jo. j",1L:J ,.",1,,,, foosü ' en" in , foo , d ¡" LQ/lIi, ca",. S ... o'¡' 1fu" k ,·,"Ib" in roo"'''' vi,,,' (o). do .... l vi",' (b) . od la' e ... l view (e). Lef, r.Mo·" lo O 
(d). L,f, .. trog. l", (o) . Seat. bar • 3 mm. 
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FigUl' ~ . F"ssil igu;f'lid rtm,; n. f"-l nd in Ld ,ún e ..... , 0'"""""" d,j,",,,dtf, ¿"":Uf!>). C""o,",,,," $Uhg. nu, ["8"""i .. o",. rigÍl-' rn.xi U 1 (n). CIt"",.,,," ,i",i:i, 
.. ", al v""b,. in p,,""iOf le) ..,d "''''¡;JO' ,·i.", (d). S<al. bu " 5 mm. 

o",erlptlo" . A right maxina. Thi¡ de",elll .how' 161001h po¡ition~ 
cighl of ",111m pre""rvcd complele I~h. TIle lCelh . re tcIr:K""sp id. Th. 
amerior part 0(11,. mnill . ha¡ • "utl\ll ' lroighl cdg~. 
1>la tcria l. Rigbl mnm. (Le 3S'l-XIJ"" 
Di.e" ., io " . Th, ge nu, Cre"o,a"ra ineludes Ih ru , ungrnera: 
"")IIbo",,"s, CIe"o","m and Loga" ,'o",",a (de Queiro'. 1987). Th~ 
!llhgcnu. E,!ya1io"''''s i, com po",d cJ creMo",,,,,, q"i'''I''ecnriMmn 
comple% (Ha.hun er al.. 2005) ",hieh can b.c ""cluded hc<:au", Ihe 
'1"d", oflhi, gro lljll,..'~ l rimspid l"'lh ("& C. (I,m,,,,,,,,,)or I'~"u . 

rusl~d kg. c. de/msar). Telr.ruspid tt-elh .re fo,,,,d in Ihe $Uhgener:> 
Cle"o","r~ and IAf,mioSllum. of ",hich Ihe ,uhgen ul CrenoS<l"ra i, 
"uluded becaus" Ih anterior parl of Ihe fossil maxiUa ;, ' Iraighl 
(Odrkh. 1956; de Qudroz. ¡987). The ,uhgcllu , /.ogaMio¡"um j, 
wml'o !Oed offour .po;ies. cí",hkh de Quciroz (1981) memion. lhal 
e b.lkeri ha¡ trie U'I,id te<'l.h and C. /'" Ie",i¡ letrae uSf'id le<'l.h. Th"re il 
no , riere"", osl, ologk"¡ mOl .. i. l fw ¡j", olhert"'{l ~,~cie .. e m~la

"""r"rlla .nd C. lI",h',hiMa .... 11 .. fo!Sil rem.in. ""re on ly ídem ifi,d 
at Ih~ .ubgenu. le,,-,l. 

Family Roidae Gray. 1815 

G""u ~ B,., L!n.a" u ~. 1¡58 
FigureS 

Boo Unnacm. 1758. Syslema Nalura.'. Ed. !O. 1:2 15. 
Co",rrlrror Martín. 19$1\. Misce llaneou, publications. Museum of 

Zoology. Univ,:r¡;ilyofMkhig:m 101:67. 

T)'I'" s¡",des. Boo co",rrktor Li" nac~,. 1758. 
1>1a teri,, 1. Thre<: nr,k"¡ ,'mo:!m~ (Le 363·XII. 372 XIII. 37S_XVI). 
,ix ameriortnmk vertebrar (I.C 357-XIII. 370·XIII. 37 1 _X III ) and four 
pOSlerior I,un\;: vertehrac ¡I.C 361) XII. 362-XII. 370·XIII ). 
Di ,<u» io" . The malerial can b.c referred 10 /loo 01' Ihe I-o. ,i¡ of ¡j,c 
charn.cl<T dis:cu¡ ¡;cd. among orncr .. by llolman ( !98 1. 2(00). Albino 
and Carlini (2008) and Albino (201 1). The f",si l ""rtc!rae pre!ll'nt 
diogno,¡tic d'HOClell IiUch ilS: roo",!, Ion . "d .I>ort IOnu: o l"¡l "e"r,1 
orro ond .pint: ,m~ll prezyg'lXll'h)'S.~1 prOQ'sses: di.pophys's ond 
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l'arapOl'hysi , are slightly dill ;llguilhed: colyles and cooldylc. are big
gerlh . lllh. neurol """.1:. rot><:.1 ~'g0 'l'hen. ond l he neu",l . rd, i, 
d .. r!y rom'a. Hynkov:i el ~I. (2009) .nd Card er ni. (2016) ''''''''led 
800 <", .. rria", inlO Ih re. sp<'dll B. w",rrócror, B. imf€",rar and 8. 
ug"", Thc .... are no osteok>gical Sludies "" .. i!ahle In s'parate Ih~ fnssll 
material lo a 'I'edfic le ",,!' .o ,he fossil remain, ",ere 01\1).- idtntifkd 
al me gcnu.levd. 

r .. mily C<iI"hrid .. C)ppd. ISII 

Genu ~ D '}' ''''l .... ho" F it,.i "g~r, 1&13 
Figure 5 

Dr,..,., n::ho" Boie. lB !J. Bcrmerillng"" üt:.cr .\lerre'" '. Ver .... ,h cines 
Sptem¡ der Amph 'bi .. ~ 1. Ueferung. Ophidier: I,;s van O\:;e,~ 
20.500-566. 

Col"b..,. Bole. 1827. Bermeómngen übu Morrem 's VerliUm ein .. 
System, de. Aml'hibi~n. 1. U.,(erung, Ophidier: bi, van Okcn. 
20.508-'>66. 

Spiloru " ", I-l"u"" Du ",.<,-n. !libron a,ld D un,.<,-n. 185-1, Erl'o'tologie 
Gen""ale QU Ji ,stoirc NalUll'lle COl1lj,lete des R."ti¡,¡, .. 9. 224. 

Dry",,,rdtott SI".rt. 1 935. Uniwn;ilY o(Mkhig. n M"stum o( Zoology 
Miscd l. ""o'-"i Public:olion.19: 49 . 

Type ~p ,-" le$. DrY"'~rcho" rorais Bole. 1827. 
Materl. l. Stven anterior Irunk Vl'rtcbm, (Le 356.XII. 359·XII . 
361. XII. 364-XII. 374· XIII ) ",lO! IWO l'0.tcrior lru"k vertebrae (LC 
36Q..XII. 3(i ¡. X II). 

DI$Cu •• ion . Th. m.leri'¡ """ be ",ferred 10 Dr)'Mardl()f1 on 11 .. hos;, of 
Ihe mar:>(1rrs d¡.",<St<l hy Allffc:lberg (1963).00 !-101m. " (2000), The 
fos,i 1 '''rlebrae p .... "'m rd<Nam ,haraetell . ueh a~ evident subccntral 
bridge<. in ventral vie", Ih~ eentmm i, .uhl ri angular; a gladiate he",al 
ked: e¡,;1.ygajlophy..,al 'l~"e~ , ... 1 in posterior and dorsal vi"", Ihe 
acces lllry I'rocesllO' ov.,..hang berallr .\Iolcc ular st udie¡ (\\"ti 'ter el 
"t. 2(01) ,c'I'ar:lIedD. mmi, imo Ih"", 'V"'i"D. mmi,. D. ""1m",,,,, 
. "d D. c",,,I,,,,,aa,lm,,¡ SO 11101 ".w o\teologk"¡ ¡¡wlics .irOllld be 
l",rÍQrmtd 10 jJ~mify o ur fOii< il rom .ins 10 . 'p",ific lenL 
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Fip. 5. Fo" ¡ tmnk ".,. ,.,,, .. of th. ,.,ak" (ound ¡" l.oh lln cav., 11"" "",,,,k'Q ' la,!> ",) , DrJ~"''';''''' ~":O"'''''' (d,.i), C",'"¡,,. , (g,h,i), Lup,,/,':';' (j, 1: , 1), '" d 
Ltp'(f#t;,{m, n ,,,~ Pu;"'i..- vi.w{., d, J, J, m), ""1..-i,-" ,.; IW (\l, " h, 1: , n) ""d 1 :lm l vi.w {r, f, i, 1, ,,). Seo.l l b"" • 5 mm. 
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Genu, Col,""" (M"Sliroplois ) B~ird a nd G lra rd 1853 
Figure 5 

Lrplilphls Ha!!owc!l. 1852. Proeeroings of th e Aeademy o( Natural 
Scienc~s oi Phi!ad~ !ph¡~. 6: 18 L 

A/",ricophis Sain! and Giran!. 1853. Catalogue of Norm Ame ri",,,, 
Replil .. in the '\lu""ulll oi rhe Smilh~nian !"'litutiO'~ 103. 

OJI,,""r Uligu ~I aI_. 2005. Rl1,<i." ¡Ourn.l ofHerp<tologr. 12:51. 

Tri'" ' I"'de •. Col,'¡", """ .. iaor U"n.., l1<. 1758. 
Ma lerlal. An anterior lrunk vertehra (tC 362-XII). 
Dlw,s§ ion . Meylan ( 1982). J.aDuk~ ( 199 1) and Holma" (2000) men_ 
tio" Ib31lhc diffcrcnc es bcIW "-~11hc "erloome freon Ma>ticophi¡ and 
OJI,,"" r a .... nol clear . .\101"" uur ¡,udie\ ha"e '''I'p<lrtC<!lhe syn eo,Y'"Y 
"flhe gen", ,lllI!rkophi¡ with CoIo,""r (Uig .. er aI_. 20(5). giving. 
p<H.,ible cxpl.nOli<m for Ihe ",Ieologka l ,im n.ril y of ,he vertebroe 
¡"',w""n mese genera. De,pite ,bi,. Auffe" ¡"'rg ( 1963). Meylanjl9112) 
and t aDukc ( 1991) identify ,hc genus Ma¡ricoplri, 011 the ha,is of the 
following ehara<:leri'itics: long ver,OOrar wim co"''''x neural areh: a 
SUOquadmngular " ..... ral ca""l wim a dCO' >al edgc Sllla!!er lhan th e 
ventml O""; rOllnd 1'o,nrgapopllr=1 ar,icular f3< ct~ lCOlg. mick a ,><I 
bll1n1 oc<<<iory l' ro""sses: slightiy dcvcl<lllCd sub,e,. ",1 rkl~s: gl>di.lr 
hemo! k""l ond epizrg"""phy,eo! !pine<. TIte Kr"il ",m .in 1'",,.,nl< 
al! oi th e eharaCl.ri,~;o; ",emion"d abCNe all(>wil\g u, identify il ... 
the g~"us .uiUrirophif_ 

GenU! I.ml1prop.-!ri¡ LiIlIla;:U~, l i66 
Figure 5 

CoI,,""r Unn oeu s. 1766. Sr'tem. N.tl1roe pe r "gn. t ria " Oll1re. 
,,-,,, ulldum dases. ordines. genera. 'pede<. eum eharae,cdbu, 
di ffe", m iis, ~ynQlly",is, 1(><Ís: 318. 

IIc'Pcrod'Y"l Sd,lcgd. 1M3. E~r 0" me physiogno my rJ '"""l'em" 
ISl 

Ophib"¡,,¡ So!rd ."d Girard , 1853. C.alogue of North Americ. n 
Repliles in lh~ Ml1,.,um of Ibe 5mitl,,",,,,i.,, I"'I ~ ution. 8S. 

Coro.dla Duméril, !libro" and Dum érU. 1854. E' l'élologk G.néralc 
OU Histoi", Natu ",ll~ Co"'l'li'te de, Re ptil ... 9:616. 

Tr"",Mioplroii¡ Werner. 1924. Gcdruckl mi, Umer¡,ützung a u¡ dem 
¡erome und .\largar<1 Slonborough_Fond~ 13360. 

1"''''pmp<'lri¡ Pymn a,><I Burbri"k, 2009, Zootam. 2241,;;1. 

Tr I'" ' I"'ci • •. La"'proj>fhi¡ gcr"la Un"..,u<. ! 7«>-
M. terl al. A "'rv1eal v(rteb", (tC 366· XI 1). (oor :IIl'erior trun" ..., rte
bra. (Le 359-XlI. 36ó·XlI, 372-XII I) aud a "",¡críO!" tnmk wl1.bra 
(le 156-XU), 
Di .cu.., lon. Gen u¡ um,pmpdrií ÍI diagnO l"d br 110. fonowing ehar 
""' crh~!cs, ..., rteb, ... '" widcr th .n long; • ~ro"gly depres,.,d "el1",1 
OTro: mlylo is hig.genh . " Ih. uNro! con.l: moder:lldy bll1nl """""01")" 
proc~tló: s!igl"lr dcvcl0l'"d smamr:tl ridges:I I,;" .nd gl.diOle hem ol 
kre! and i, does nO! ha\"e .¡iz}"gal'o1'hrlóCa1 ' I'i,"-'$ (Auffenberg. 1963. 
/>.le ylan. 1982; H olman. 2000). The foni! r~moins pre""m all of!h e 
chametcri'lic, "",mioned a¡"""r allowing u, ide"tifr Ihem a, gt'I1U' 
1""'pro!"'lri¡. 

c.,n" . 1.<'plOplri. SI', Un "3~ U '. 1 758 
Figur~ 5 

COI"ber U" nact.ls. 17S& Systcma NalUrac. Ed. !O. 1:225. 
'-qr",his Ildl. 1825. Zoologieal ]Ollm,Ü l.u>do'~ 2:328. 
Ah""r,,¡" Gml' 1831. iM G,.iffith a,><I Pidgro'~ The animal kingdom 

or"'''ged in conformil y wilh jt s org.niS:ll ion b)' Ihe B.ron Cuvicr 
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",ith a<lditional descriplk. " ~ al! the 'p"" ;" hig her 1>a,,>e<I. "ud 
o f m~ny befo", I\Oliced 9J. 

DendrophisSdlle-gd. 18J7.li!Isoi !ll1r"1'hrsi"nomk d~ "' 'Pen!. 2:M. 

Tr p" ' r,-"i • •. 1 .• proplris~¡'""r"Qa l.inn,.,us, 1758. 
D'-'S",irt1on . Long. narro",:u><l flancn"¡ vertcbr~e In :u,terior vi"",. th. 
<otyles are h tem lly IllhrOllndC<!. ¡;!ighlly higgcr th3l, Ihe" ..... ral <3I>aI: a 
COl\,",-," zygO 'J'he" c: sllOrt oc~es,""ry proc~ ..... ,h>! onrh. ng laterally. 
In jlO'itfrlQrvicw. Ih" n ..... rlll uch j, ronvCI IInd slj~lt Iy fi~ll enfd:;1 hu 
o kttl be! ,,"" '" th e p .... zyg.mr~1 f~Cff .nd thelXti,zrg'l'o l'hysul H-

tkular fa""l: circular condy~_ In dorsal view. !he l.)'ilo,phene is eOlwex: 
roundffi. iubtriangular ornval p,,,zygapo¡,nyseal articular (accu: ,hnr~ 
wide an,d ro undcd acceuo ry I'roc.""", the ne uml '1,;,,,,, j, no 101'8"'" 
than u,e polteriCO' I'JI"I d lile "roral arch. ¡n "",,,mI vi<:w. the amerior 
lrunk ",mhr.., h.ve 11 sI,ort ¡¡Jodi", . h"m o! km whidl ;s <! nl y .... ident 
in 1he po'terior pon of U,,, a l\! rum: th~ pmHrionrunk nrtoora does 
"O, ha..., a hemal krd It h:r; a long , ubtrial\gul ar lo eyUndrirn! eemrum; 
,n., articular po,tzygapOl'bysral fa< m a", roundffi or sulllri."gular: 
wro" or ahsem suhcclltml ridges. 1" laleral vie",. intCl"zrsal'ol'hr""al 
ridges are ao.""I; the n"ural 'pin" ;¡ long :u><l shCO'I :U>(\ the anlerior 
edge bcvcled: a,><I e"mm", d'-"l'¡}" ceo,ra"c. 
:'lalerl,, 1. 1Wo .nterior lrunk wrtooroe (1.( 57.XIIl. J5 9-XIII ) 000 • 
po"~fÍ<lr , runk ,",-,mhr. U.( J59-XII). 
D Is.uu lo" . Lrprophi¡ Ple¡<1(>""ne foosil ",,,,,.ns are he" deseribcd for 
th~ c,rs! time for Mé.~ieo (Ch:i\,.", .. (;alván er ~I_ . 2013). O\loological 
, ludies of '-~p roph i, ha", fue u""d .. , me skull (Oli""r. 1948; Wjj",,~ 
1970; Sou;¡¡¡ and Lema. L990) making tl~ , , tudy me fin;. <lile to dCKribe 

I.~praphi¡ vrrtoo r.., _11,. vert ebroe .re dl .. octeriud by. con ",ve an
Ifum .00 • hemo! he! in lhe posteriorp.rt. We ootJ!donly idcmifythe 
fo<,il ",m.i "S as I.tprophi$ b~..,se only l. nl/'xio'''u" h.d ", fe",nc~ 
oiteological material. 

Order Te'itudit"", Bats.;h. 1788 
r"mily Em)"didae Rafi,,,,,squc. IBIS 

""nu o T",d"-~Il)~Aga .. i 'l. 1857 
Figu", 6. 

TmdrcM,>' Asa"¡'. IB57. eontribulion, 10 ,h" Natu ral milOry ofthe 
Un¡ted Slal~ of AmeriO!, Norm American Te'itudin,ua. lSl 

Callichcl>, Gral'. 1863. AJU>al¡:ul(! .\1agazir"" rJNatu ral Histo'y 13: lB I 
R,'¡",ni~ Gray. 1870. Suppk",em lo th. C.talogue o ( Shield Reptil ... 

in Ih~ColleClion o f tl,,, Br~i,h Ml1SNm . 1), 'itl1di" Ol~. 35. 

Figur. 6. T,odr,~ry, 10 .... 1 ,rm;¡j n f<Un d in Loh"" ,""'. Ni1l1h p.ri¡>h.ul bono 
( . ), " " 'ica! ,·",,,br. (b) and c",da! "",,1= (c~ s.ca!. bar .. S mm. 

'" 
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C ... zelal. 

Type ' pedes. Tmc"'",y¡ le rra!"," lIonnal"''''. 1789. 
O."".ipII"". Fragmem o flhe nimll righll"'ripher:>! bo!!e. In Cl'terior 
vie .... im¡lrim¡ oflhe "Imh .nd ICmh m.rginal¡ ¡rul"! ore presento 
The fi fth co,tal ca" be ,""" in the upper parl. In the vi,,,,,ral ,uda",. 
Ihe ehar",,~ri¡tic bulge ofth e l.1SHeulrs "irh" ,maU cenlml foramen 

ca" he ""'L 
M" I,rI~ 1. Ninlh righl I'eriphcral bone (lC 356-XII). 1"'0 cervical 
,·meb .. e (LC 360-XII. 363-XII}.oo. cal1dal Vl'rteb .. (Le 362-XII). 
Di""u ~sjo n . The "imh righr ~rifi'eral ... as comp.red ... ih ref.Tena 
olttological m>led.1 of RIti"(Jt"I",,,,'YI"'OO Trocl,m'Yl" as,igning Ihe 
fossil matcriallO T .... cI"'",,.., b~au" il onl)' ha, (lile mark (Souza 
.1 al .. 2000). It eaunot be assignrd 10 Kino¡~mid~ because il d(>1" 
'>01 prell<.~lt a ,""rmifom, omamenta!;oo, (Cade ,,,, el al.. 2(07) nor 
devaled imprints of !he nimh and lenth marginal. (Prel'I01~ Im9). 
11,. vertebra. <lid no' h. ve m<I11,Mlogic.l f .. lur ... Ih.! bclped ... ilh 
Ihe irl,"li fiul iO/1 . 

Pld. loc,n,. '" ph ibi. ni o nd "'1'1;1 ... 
Amphibian and reptile remaim from Loa';n cave a", h ... c de 

«ribed finding .il "" ... taxa for Ihis .ite: O .. IO .... "n' ""-!n,wr. c. 
(I.llgm,in"",ra) ,!l .• /loa 'p .. Lm"prope~i¡. I ... plnphl< a"d Trocl",,,,y' 
(T./¡Ie 3). O"" Qo1""r~ d~!~"¡or, C. (l.og""iQo1ar ..... ¡ iJI. ' OO L~ptophi¡ .. ~ 
h~re 'cp<lrtrd íorthe IlrSl lime fOrl¡'~ pu.'Sloanr in Mhico ."d North 
Amcrica. No ... adays. C. (l..oganio,,","r~) sp. is nol (ound in Ihf YUOIt.\n 
peninsula. I'or the !'lciSloce"" he'l'crofauuaof "",¡be", Mé:<ico. I.oltúu 
OI"e i,u""" Ihe mo" ¡ludie<! ,ite 

l'a l~",, 1 i",a llc " nd 1" leoen ,; ron ",,, nta 1 ,e~o n ", uClion 
The hobiUI l)"pes Ih.l hove ti,. highell ¡ .ore ( 1.9) ohu;ntd by 

ti", hohiu! ""ighlings mctMd >re n'ergreen ,~ason.l (0''''1 (ESF). 
lropieal dedduou. foreSI (IDF) and «rul> foreSI (SF) (Table 4). sug
g"!ti ng thallhese habita¡ t)'\l'CS wefe fooud al th e ¡tudy site during Ih~ 
!..ate Plciltoc,,"'I'. Thi¡ n>o<;aje di(fers from Ihe vegetalioo, .lme!u," 
cJ troj,iOll , ... mi '¿cciduou. fu",,, (TSOF) fo.",d toda)' in Ihe l.oa"n 

",,'e (C orre .-Mctrio ~1 al .• 201 1) .ud i"dic . te ¡ Ih.1 ti", p alooenviron
menl fu . 1.011;'" c.y~ hod. v~tlMio" moso ie not . n.logo". wilh Ihe 
I'resem oo •. 

Th~ ¡nf"red l'al1'(lC~mate fo. tbe La/e !'lei"""enc i" l.olt"" 01'''' 
i",dical~ ctimate conditia"s ~"'opcr oflhe norlh aud wesr part oflhe 
Yucatin peni",u\.:¡ ... ith r~~r, TDF .ud SF habi!al Iypcs. This.now S mal 
for Ihe l.ate Pleiltoxene. old ... Ihan 3278 2 J: 29ti cal)'u BP. toltún cave 
I,.d. MAT o f25. 33 el. 0.4 7 "C.OO on MAl' of 1.1 83.7·1 el. 143JS mm. 

T.ble J. T.u f", ,,, thePle;'toc."" allr., toh,,,, C.ve.'CWfeftl ",ro., .... n 

(,om Vet • .,aI. (2(115) . 

[.ang.bar",1 ( 19$3) 

&/0 '''''', i¡'¡/;¡ 
Oc.".,"nI 1¡; .. ~¡¡ 

to.-y"",,-d,,,,, ,~"';, 
ELrpM 1jL'·¡".¡o o' E. 
1"""'¡' 

"" 

e u,.,..,n, nan .. ,· 

R/,¡.d/" """in" 
er"""""",,, ,¡",I~ 
D,>,~'.'d.co ""l •• ,,,,,, 
P¡ .. .,¡""Lrp~. jL'.¡".¡o .¡r 

S," 'b¡/¡¡ ""'pI¡ 

lhi, .. ooy 

RIti.cII" """¡.,, 
Oc."",,"", ,; .. ili¡ 

Dry",.,dr"" ,p. 

Coi,'" .. suhg.nu. 
.\I .... ;'"",,;¡ 

,..,.""""", ,/efo·_ 
0,.""',,'" ,uhg.nu. 
'-"r.";"""", 
"," " 
Lom/""p,I,;, ~ 
L<p<op/1~ ~ . 

r"'''''''.J' ' 1' 

T.hle ~. H.h¡ut w..:gt.tja,¡ .rul¡~i. "'in¡¡ omphihi.", .",1 '''I'' il ", .... m bb.!l" 
frorn l.oItún " ..... Y","in. TRF. tropin l rainfof"" F$F. e",'1I"""~ ... ..,ml 
for.", TSDF. 1r~iral .. mi·d .cidurus for • • , TDF. ""I'kal d.-ciJuou. h.", 
SF .• aub f<>< • .<I: .\IS. mO<lt:lll< syst"" .. 

111F '" TSDF '", " "' 
Rhí.,il. "'o" •• 0.161 0.161 0. 167 0.167 0.167 0. 167 

0'.0"''''. J'j,., ... ., .., 
Oc"" .... ""' ,; .. U;, " '" "' " (U 

O"", .. " .. (!.ora''-''''''' ) " ., 
&. 0 .161 0.1';1 0.161 0.161 0.161 0.1~7 

Coi,,",, (.\I .... ;'aph;¡) 0.161 {l.. 1ó7 0.167 0.167 0.161 0167 

Dry""',,¡"'" 0. 167 0.167 0.167 0.167 0.167 0.167 

Ur"'Pn"u'~ 0.167 0.167 01 67 0.167 0.167 0.167 

lq!'opil~ 0.161 (U61 I).1H (1,161 0.167 (U67 

rnrd""?" " " " " " ~, ,. , .. , .. , .. , .. 
" 

T!,e,~ .... ¡11C¡ when ~omp.rtd witl, the v.l"" giHn b~ ()¡r~ulZcab 
"..,>lh .. ,alion ¡uggelt IhOlII,~ MAT during Ihe Lote Pldilo,~nc 
" ... · 1.47·C lowcr and the MAP " .. , 85. 14 mm high .. than toda)' 
",ndition$ (Thbl~ S). 

OISCUSS ION 

tatún <ave;¡.n import.m sitt;n !lOutl"rn Méxia¡. where 12tn. 
alPl1'i'tow" amphibi"", and re¡xii ... h""" ¡,..,.,,, found aud de«ribed 
(Langebartd 1953; mis ,tud~). A fe"w tau ha"" he.n dc«riltcd in 
oth ... place~ fOl" e1all'l,Ie. in T3ha~o. anc turtle ( I ..... "a. E.pinc"a and 
Carbol -ChanOO13. 2OO'J); in Chiapas. Ih,..,.., turtlc. (l,una.I!\FÍI>01.a and 
c •• ~ .ehanon •. 2009); in O.lCaC:l. !,,"a 111rt1.¡ (Cruul al .• 2009) .• nd 
i" Vc r>elUZ. OIIe II1rtle ~"d. cfocodUe (Perl.·SurOlIO el m .. 2001). 

Th~ ",¡ullS ¡uggc,; t al'aleocnvironmem co"'po,rd of a vegetatiOl\ 
mosaico differet~ of lhe I're¡;cm 011". wi!h Inree habita( l}l"' ¡: ~"'rg''''''' 
",a<Ol",1 foresr {ESr.). tropical dcc iduou¡ for~ (TOF). and ocruh forelt 
ISF). Vcgcta!ioneoonmu";!;",, ,>on-amlog ,,";Ih thel'r...."lI 0'><"1' have 
!ro, reported in Petén 11m la"". in Ihe Yuc'láI, penimula (<:Or",a. 
Mct fÍ<l Ll m .. 20120. 2012h). wllid, ""iI"'e ... itl, our flndin g~ 

Th~ paleocHmOle reoonltrmtkm in fe". MAT 1.-! 7"C lo"",, .nd 
a" MAP 85. 14 mm highcr Ih." Ihe I'rl""Sem "ne. Sin,e 651:a BP m I.GM 
(22 ka). Correa-Me trio el al. (20 12a) suSg"!llnallhe MA T dec",ased 
1.5·C comparOO wÍlh IOOay. Period, rll"""eI" humidily ocmrm:! du.ing 
!he J.I"¡nrÍ(h St:odials (COI"rea.'\lct rio el al.. 2012:1) sugge¡ting thal the 
~,iodoflhe !(¡soil remai", in 1.011';" en e;s an im .. gbd.l ht!Qre lhe 
LGM (Corrco-Mr:trio fl al .• 20120). 

Th~ di"rób!1lion of er"'rJI"ar,m suhge"", Lt.>gm,irJl"ar.ra S11ffered 
ehang"'i duri~ tl .. Plei,m",,,,,,. Toda)'.l..oga.io-"",ra i, found in 1rO¡:ical 
minforest area! ("mI) .ud m"mane ¡y.lem, (MS) (Kiih!cr. 2oo3). Th;¡ 
"ud)' .now.lhal in the pa" thi •• pcc;"" could be found in l.oItún cave. 
.146.4 km f u.thcr 10 lhe 1\OI"lh Ihan jlS p,..,,,,m di,'rihution (Figure 71. 
11,;s ra ngc !hin has heen found al!lO fOrlhe !k",,,, (Mrpltilis "'oc..." ..... ) 
. 00 the ""If( O",is ''f'''') (Armyo_Cob .. l .... "d ÁIv.",",," 200J) ¡hol • 
lik~ Loga.in .... "r~. are nO! fouud toda)' in Ihe Y~catá1\ I",,,insula (So,a. 
E'OIlan!. el Ir/ .. 20 14). Dun ng ¡he ta~ !'ld'tocenc. Meplrilh ",ocro"ra 
al1d O",¡¡ /uP"¡ ""'''' found .18'J.7R km ""d 7 1·1.901 km furtl,er l>o"h""" 
(Gard3-.\10 ...... lOel "l.. 19'J6; HW3Ug )' larivi~re. 20(1) (Figure' ). The 
ehange. in me disrributioo, of m"", '1,eci"" could be causcd by Ihe 
illO!herm di'l'locemem whid,;, ,akuhlrd forth. r"ilion hctwC<'n 179 
lO 2 so mj~r fur th . 38-29 b. lime imerv. l (Corr •• -Mr:t rio ,1 ~l. 20 I 3). 
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T. bI. ;_ Paleodim.,;c ,,,,om",ucti<>n in Lo ltó" o .... Yucaún, u ,inS Mutu . l 
e H mal >: hose metb<:>d, and C""'I"',e<! ... iI, O;ó:utuob. Y.c.ún, tb. ck>se>t 
_ath .. ,talÍon to LoltUn , ..... MAT, ~.n :IImual t'''' I'~-¡l1ure: MAP. me. n 
.nnwl pr.dpitat ion; s<i ":utd,,'¡ d .... tioo 

.\IAT 

.I,lAP 

Orl:ull.c.b loI'ún 

1,Q'/$.ó 1 , 1 ~3.74 t ' ~l.lS 

CONCLUSIONS 

Mlnin,u m ... , .. :in,un, Dilf ... nc. 

· I A7 

+ 85 .1~ 

Thf l.Qhú" Clve js now lh~ ""'.1 5100i"" , il e o( ,0l1hern Mc"ko 
l>«auS( of amphibialt alld "'pti le fossil. found th .... In l,oht1n ,,.,, •. 
tn e hcrpNofaull al commu" ity j. a good pal..,fltvironmcm alld 
paleQC~lllaleindicalor for Ine lale Plci.toa"", and silo ... ,,, d«",,,,,, i" 
me .\IAT. and a" ¡tlCfI'a~ in me .\lA P. IUgge51ingan imcrglaciall"'riod 
bd',,,, Ihe LGM, In Ihe posl.lhc habhllW' was' mosok vegru!i<>" 
~ml){)«"" of .nrg"",n su,on.l fo"'51 (ES F). tropieol deddllOU< foro$. 
(IDF), and ,erun foresl (SF)_ Thc l'aleO"ltviron",cm foc i.QhÚn ca"",, 
silo ... ' am¡~turf ofna¡'; tal typc:;. not found lOdayin Ihe arca. Clitnal' 
3/td "eg~laliott compo,ition chang...,; durillg the Late Plci,tocene could 
ha"e aff'-'C!ed lhe di.trih ut ioll of Cte,,,,,,,,,,,, subge!l u, 1-4""mio",,,,,,, 
a",d rJ othcr 'ped ...... uch '" ma",,,,,lls. 

N 

A 

o '" "" 

Iml'l"'''-'' 'lit'g me .\lCR metho<!. u";ttg amp.ibians ""d "'pilles 
os 1'~l eodi m ~lic pro,,;". , . !low"" ". 10 ,omp.re .ud rnlu.u th is 
m ctood . • ud to find ¡ rends o f pOSI d imOl ...,; .00 how Ih.y .ffee! di ffcr
. m Qrgan;,ms. It i, me frr!>! !Ímt tha! a palcoclimatic rcconstruc lion 
u,ing amphibi""s ""d reptiles in a tropical rrgion i, made using lhe 
.\lCR me! !tOO. Our resu h , ""' in CQ!lCord""ce ",im oth ... palcoclimatk 
i"fcrCllC CS u.ing fouil ¡>dlen as a proxy. "'lending Ihe u¡¡, ofthc .\ICR 
mct~d 10 di ff,,,m dimOlk region,. 
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Suppleme nlary Figure SI "Ovcr!al'l'itlg area (blaá arca) inna!> · 
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- ~ E'-Z2 • 
G= mm ,. 
8-

FIg ure 7. P,lSem distrihution al e .. ..".,u'" ' ubgenus ~a.""""", (bl.d: ",,"j, ~i<phi,;, .... ,,""'., (g"'l. tn.ng""j, hi stor io: diotrlbution of G,. ;, lup'" milqi 
(¡¡ rey sta .. ) .nd t!.:ir chaoges ;,., di" rihuti"" dllt;"'g tb. l.at. I'leístocene in Lohún ""'e (gro)' 1-'0;""1_ Dista"". of d,."8'" are soown ., OOIt.d line r" e .. """",,,, 
suh!", u, /..<lg".i",""", groy!in< h .\I'plti,;, ~"I('"". '" d hotd l in. fo< eo.i, i,'P'" ".,yi. H.N,.t tyl''' found in ,h, Yuca:ln p.ninoul. ""d Centrol AnvlÍ<o; 
,,~kol u ill f""." (TRF), ,ve,!, .. n ,,,,0,,,11 ÍOl'" (ESF), tropi,al .. mi ·d • .id""", f""." (TSDf\ " "I'kol JKiduous ""," (TDf), "", ub f<;<." (SF) '" J malt'"" 

Sf" <m, (.\1$) .• ~(OOifi.d rn"l' {'<X'O- C .. "'.·.\\,"i" " .L {:la 11 ~ 
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Abstract 

San Josecito Cave (SJC) is one of the best studied Pleistocene paleontological localities in Mexico, 

with a strict stratigraphical control and several radiocarbon dating. Squamate fossil remains from layer 

720 have an estimated age of 32673 ± 889 calendar years BP (28005 ± 1035 C14 years BP). Barisia 

ciliaris, Phrynosoma modestum, Heterodon simus, Tantilla, and Storeria are the first reports for the 

Pleistocene in Mexico. The presence of Heterodon simus in San Josecito indicates a post-Pleistocene 

reduction of its distribution range to eastern North America (USA and Canada) being the 

southernmost range of the species. The presence of P. modestum and B. imbricata indicates a post-

Pleistocene reduction of their distribution range. For P. modestum, the reduction is related to 

elevation, occurring today in the State of Nuevo Leon at lower elevations in the Mexican Plateau. For 

B. imbricate, the range shift is to the Transmexican Volcanic Belt, the occurrence being the 

northernmost record of B. imbricata. A Weighting Habitat analysis indicated that open oak-pine forests 

and savanna surrounded SJC. Simpatry of B. ciliaris and B. imbricate in SJC indicates a colder and 
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humid climate at the end of the Pleistocene in the cave area. These climatic conditions are found in 

the current sympatric area distribution of the species 450 km to the south of SJC. 

 

Keywords: Paleoenvironment; palaeobiogeography; Pleistocene; Squamata; Mexico 

 

1. Introduction 

Small vertebrates, like micromammals, birds, amphibians, reptiles, and fish, have shown 

important characteristics for past environmental reconstruction (Holman, 1995; Legendre et al., 2005; 

Blain et al., 2008, 2009). Amphibian and reptiles respond in a strict manner to the environment and 

its changes. They are ecologically, ethologically, and physiologically restricted to specific 

microhabitats and environments and several forms have quite small geographic intervals and could 

be territorial (Vitt and Caldwell, 2014). These characteristics are important as fossil markers. Their 

specialization to some environments, allowing the reconstruction of past climates (Blain et al., 2008, 

2009, 2010, 2011, 2012, 2013). 

Distributional changes usually are explained by the niche conservationist theory that 

proposes that the niche is kept with the ecological requirements of the organisms throughout the time 

(Wiens et al., 2010). Pleistocene distribution changes may be due to taxa movements in order to 

conserve their niches rather than adapting to new conditions (Martínez-Meyer et al., 2004; Hadly et 

al., 2009). This pattern has been observed with recent amphibians and reptiles (e.g. Pyron and 

Burbrink, 2009; Rödder and Lötters, 2009; Kozak and Wiens, 2010; Pearman et al., 2010), and here 

the niche conservationist theory is considered to understand the palaeoecology and 

palaeodistribution of Mexican Pleistocene amphibians and reptiles. 

Fossil Pleistocene herpetofaunas in Mexico, Central and South America, are barely known in 

comparison to North America (e.g. Holman, 1995, 2000, 2003, 2006). In Mexico, these knowledge, 

in turn, is scarcer in comparison with paleomammals studies, primarily focused on taxonomy 

(Reynoso, 2006; Tovar-Liceaga and Montellanos-Ballesteros, 2006). To date ninety fossil amphibians 

and reptiles have been recorded for the Pleistocene of Mexico, from which 9 are extinct and 9 have 

extralimital distribution (Langebartel, 1953;Brattstrom, 1955; Hibbard, 1955; Mooser-Barendum, 
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1958; Flannery, 1967; Álvarez and Huerta, 1975; Mooser, 1980; Van Devender et al., 1985; Messing, 

1986; Mead et al., 2006; Reynoso and Montellano-Ballesteros, 2004; Tovar-Liceaga and Montellano-

Ballesteros, 2006; Luna-Espinoza and Carbot-Chanona, 2009; Cruz et al., 2010; White et al., 2010;).  

San Josecito Cave has been known as a highly productive paleontological locality since the 

earlier studies by Stock (1943). The cave faunas provide a detailed understanding of the northeastern 

Mexican Pleistocene vertebrates (Arroyo-Cabrales et al., 1989). Studies have primarily focused on 

mammals (Cushing, 1945; Stock 1950, 1953; Findley, 1953; Jakway, 1958; Jones, 1958; Hall, 1960; 

Russell, 1960; Arroyo-Cabrales et al., 1993, 1996; Arroyo-Cabrales and Johnson, 1995, 2008; Esteva 

et al., 2005), but include birds (Miller, 1943; Steadman et al., 1994), lizards (Brattstrom, 1955; Mead 

et al., 1999), and taphonomy (Arroyo-Cabrales and Johnson, 1997; Robles et al., 2002; Chadefaux 

et al., 2009). 

 

2. San Josecito Cave 

San Josecito Cave (SJC) is one of the most important Pleistocene paleontological localities 

in México (Arroyo-Cabrales and Johnson, 2003). It is located on the western flank of the Sierra Madre 

Oriental, 1 km SSW from Ejido de San Josecito and 8 km SW from Arramberri (23°57’21’’N, 

99°54’45’’O, 2250 m elevation) in northeast México (Figure 1). The cave is a single fissure with 

multiple entrances formed by folded Late Jurassic or Early Cretaceous limestone. Three natural 

recently opened entrances go down vertically from 12 to 30 m to a main cavity. All entrances provide 

an easy access to the cave today, although past access probably was difficult turning out the cave 

into a trap. The single cavity measures 34 m long and 25 m width, narrowing to the north (Arroyo-

Cabrales et al., 1989). 

Renewed excavations were undertaken in early 1990 using a strict stratigraphic control, 

including the use of “taphonomic boxes” to collect microvertebrates (Arroyo-Cabrales, 1990). 

Radiocarbon dates assayed for the locality were the first radiometric controls for this cave, and the 

basis for further faunal comparisons and paleoenvironmental inferences. Ages ranged between 21 

684 ± 1 168 cal BP to 46 597 ± 2 949 cal BP (Danzeglocke et al., 2015) [19 740 ± 1 000 to 44 600 ± 

2 500 years Ca14 BP; Arroyo-Cabrales et al. (1995)].  
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Figure 1. San Josecito Cave (black dot) located in the southern part of the State of Nuevo León, 
Mexico, into the Sierra Madre Oriental (SMO). 

 

3. Material and methods  

Studied material were collected from stratum 720, dated at 32673±889 cal BP (Danzeglocke 

et al., 2015) [28005 ± 1035 años Ca14 BP, Arroyo-Cabrales et al.(1995)] indicating that squamate 

reptile remains were from the Late Rancholabrean North American Land Mammal Age, during the 

Wisconsinan glacial period (80 000–11 000 years BP) (Mead et al., 1999). The bone material is on 

deposit in the Paleontological Collection, at the Laboratorio de Arqueozoología “M. en C. Ticul Álvarez 

Solórzano”, Subdirección de Laboratorios y Apoyo Académico, Instituto Nacional de Antropología e 

Historia (INAH) in Mexico City. Specimens were assigned catalog numbers with the acronym SJC 

(San Josecito Cave), and more than one element could occur per sample. Specimens were compared 

with recent skeletons from the Osteological Comparative Collection at the Laboratorio de 

Arqueozoología (DP), and the Colección Nacional de Anfibios y Reptiles (CNAR), at the Instituto de 

Biología, Universidad Nacional Autónoma de México. The terminology of Holman (2000) and 

LaDuke´s (1991) were followed for the vertebra description. Lizards’ skull and dentary terminology 

followed Evans (2008), and osteoderms terminology that of Meszoely and Ford (1976).  

3.1 Paleoenvironmental reconstruction  
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Diversity was quantified by calculating the total number of identifiable remains per taxon 

(NISP), and the minimum number of individuals (MNI), using the most frequent axial anatomical 

element or the most frequent paired left or right body elements (Lyman, 2008). For genera with 

several morphotypes, each morphotype was considered as an individual or as a taxon. Vegetation 

types considered were pine-oak forets (P-O), oak-pine forest (O-P), open forest and savannas (OF-

S), cloud forest (CF), and decidours scrub (DS) (Table 5). Because specific taxa can inhabit one or 

more vegetation types, vegetation types were weighted with 1 if the species was just found in a single 

vegetation type, or with a ratio between 1 and 0 according to the number of environments where it 

can be found. Then, this value is multiplied by the NISP/NMI value (Blain et al., 2008). The derived 

value determined the habitat type for each taxon. The identified types, in turn, informed on the habitats 

type existing in the area during the late Pleistocene. 

 

4. Results 

4.1. Fossil squamate lizards 

Squamate lizards in San Josecito Cave are the anguids Barisia ciliaris and B. imbricata, 

and the phrynosomatids Phrynosoma modestum, P. orbiculare and Sceloporus. 

 

4.1.1. Anguidae 

Barisia ciliaris is represented by 23 left maxillas (SJC 5408, 5397, 5419, 5439), 18 right 

maxillas (SJC 5392, 5415, 5427, 5439), and 34 osteoderms (SJC 5392, 5398, 5399, 5400, 5401, 

5406, 5407, 5409, 5416, 5419, 5424, 5425, 5429, 5430, 5433-5436) (Figure 2A). Maxilla elements 

are important in identifying the genus Barisia, because they have the osteoderms preserved 

corresponding to preocular, cantholoreal and postnasal scales. Two cantholoreals or one 

cantholoreal not exceeding the preocular and postnasal scales, allowing separation of the fossil 

maxillas from B. jonesi, B. imbricata, B. planifrons and B. levicollis. In these four species, a single 

cantholoreal contact one or two supralabials, exceeding the preocular and the postnasal scales 

(Guillette and Smith, 1982). Two cantholoreal scales are present in B. ciliaris and B. herrerae, but in 
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B. ciliaris, they are vertical in contrast to that in B. herrerae with horizontal scales (Zaldívar-Riverón 

and Nieto-Montes de Oca, 2002). 

Oblique keeled osteoderms in the fossil material strengthened the identification as Barisia 

ciliaris. B.levicollis and B. planifrons also have oblique keel osteoderms (Guillette and Smith, 1982). 

As no maxillas similar to these species were found, their presence at SJC is unlikely. 

Mead et al. (1999) identified the fossil material from SJC as Barisia cf. B. imbricata. In the 

1990’s the species B. imbricata consisted of four subspecies B. imbricata ciliaris, B. imbricata 

imbricata, B. imbricata jonesi, and B. imbricata planifrons, that later were raised to specific level 

(Smith et al., 2002). 

Barisia ciliaris is distributed today in the Sierra Madre Oriental that includes the SJC region, 

the Sierra Madre Occidental, and the Mexican Central Plateau (Zaldívar-Riveron et al., 2005). This 

species inhabits pine and pine-oak forest (Guillette and Smith, 1982), and Pinus forest and savanna 

in the State of Nuevo León, between 3200-3300 m elevations (Guillette and Smith, 1982; Contreras-

Lozano et al., 2011, 2012). 

The alligator lizard Barisia imbricata is represented by eight right maxillas (SJC 5439), four 

left maxillars (SJC 5439) and 20 osteoderms (SJC 5403, 5421, 5400, 5405, 5417, 5419, 5416, 5392, 

5424, 5423, 5426, 5390) (Figure 2B). Maxillas have a single enlarged, broad-based cantholoreal 

scale that touches two supralabials scales that allows a separation from B. ciliaris and B. herrerae, 

that have two cantholoreals. Obtuse keels in osteoderms allow the exclusion of the fossil material 

from B. planifrons and B. ciliaris (Guillette and Smith, 1982). The combination of a single enarged 

cantholoreal with obtuse keels in osteoderms indicates that the fossil material belongs to B. imbricata. 
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Figure 2. Fossils lizard remains recovered from San Josecito Cave. A, Barisia ciliaris (SJC 222311) 
right maxilla. B, Barisia imbricata (SJC 222311) right maxilla. C, Phrynosoma modestum (SJC 
5406) left squamosal. D, Phrynosoma orbiculare (SJC 222311) parietal bone. A and B in labial 
view; C and D in dorsal view. Bar = 50 mm. 

 

B. imbricata occurs today along the Transvolcanic Belt and adjacent regions (Zaldívar-

Riveron et al., 2005). This species inhabits pine, pine-oak and oak forests (Guillette and Smith, 1982). 

This species does not occur in the State of Nuevo León today. 

While Barisia imbricata and B. ciliaris now are considered different species, their 

biogeographic boundaries are difficult to define (Guillette and Smith, 1982; Zaldívar-Riveron et al., 

2005). Barisia ciliaris and B. imbricate are sympatric in the State of Hidalgo (Guillette and Smith, 
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1982; Zaldívar-Riveron et al., 2005). Both species were sympatric in SJC during the Pleistocene 

indicating that sympatry extended as far as 450 km north to the State of Nuevo León. 

 

4.1.2. Phrynosomatidae 

The horned lizard Phrynosoma modestum is represented by a left squamosal (SJC 5406) 

(Figure 2C). The squamosal has four temporal horns with the most posterior one taller and wider than 

the others. The horns are oriented horizontally with the two posterior horns bended gently upward. 

Among horned lizards the squamosal of P. taurus has a large temporal horn. Phrynosoma asio and 

P. cerroense have two temporal horns, and P. boucardii, P. braconnieri, P. cornutum, P. coronatum, 

P. ditmarsi, P douglassii, P. m’callii, P. orbiculare and P. platyrhinos have three temporal horns. 

Phrynosoma solare, P. modestum, and P. josecitensis are the only ones with four horns (Brattstrom, 

1955; Presch 1969) as the fossil material. Phrynosoma modestum differs from P. solare and P. 

josecitensis in that the one latter temporal horn is larger than the rest, while in the other two species 

the two latter temporal horns are larger than the rest (Brattstrom, 1955; Presch 1969; Montanucci, 

1987). 

Phrynosoma modestum is found from West Texas, southern New Mexico and southeastern 

Arizona to Central Mexico. This species inhabits open shrub areas in arid and semiarid watersheds 

(Sherbrooke, 2003). It occurs today in Juniperus forest in the State of Nuevo León, between 600-

1250 m elevation (Canseco-Márquez et al., 2004; Lazcano et al., 2007), but its distribution range 

does not extends into the SJC area. 

The horned lizard Phrynosoma orbiculare is represented by one right dentary (SJC5439), two 

left dentaries (SJC5439), one frontal bone (SJC 5439), one parietal bone (SJC 5439) and one right 

parietal horn (SJC 5439) (Figure 2D). The dentary is convex labially with a flat ventral margin, typical 

of Phrynosoma (Mead et al., 1999). The Meckelian canal is closed in the middle as in P. bracconnieri, 

P. coronatum, P. douglassii, P. orbiculare and P. solare (Presch, 1969; Montanucci, 1987). 

Prhynosoma solare has dentary horns, a character absent in the fossil material. The ratio between 

the number of teeth and the length of the tooth row rules out fossil dentaries as P. bracconnieri (Table 

1). 
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Table 1. Ratios between dentary number teeth (nt) and dentary length teeth row (ltr) to diferent 
species of Phrynosoma, provided by Mountanucci (1989), Meyer et al. (2006), osteological 
reference material (DP), and fossil material (SJC). ND, no data. 
 
Source Taxon nt/ltr (mm) 
SJC 5439 P. orbiculare fossil 2.09 
SJC 5439 P. orbiculare fossil 1.88 
SJC 5439 P. orbiculare fossil ND 
Montanucci, 1989 P. braconnieri 3.26 
Montanucci, 1989 P. coronatum 2.19 
Montanucci, 1989 P. douglassi 2.09 
Montanucci, 1989 P. orbiculare 2.81 
Meyer et al., 2006 P. braconnieri 3.47 
Meyer et al., 2006 P. coronatum 2.89 
Meyer et al., 2006 P. orbiculare 2.32 
DP 8182 P. orbiculare 2.56 
DP 8146 P. orbiculare 2.84 

 

The frontal bone is flat and the ciliar horns are extended horizontally as in Phrynosoma 

douglassii and P. orbiculare (Presch, 1969). The parietal bone is the most diagnostic among all 

remains. Contrary to P. douglassii that lack horns on the parietals, the fossil specimens have two 

parietal horns that are strong. The extra ornamentations are pointed as those of P. orbiculare and P. 

braconnieri, but they are not elongated like spines as in P. coronatum, P. cornotum and P. solare 

(Montanucci, 1987). 

The length of parietal horns of the fossil material has been compared with data from 

Montanucci (1987) and osteological material as shown in Table 2. The length of the parietal horns in 

the fossils are similar to those of Phrynosoma asio, P. braconnieri and P. orbiculare. The 

ornamentation surface, however, has low rugose tuberosities that are present in P. braconnieri and 

P. orbiculare but not in P. asio. The ratio between the tooth number and tooth row length distinguish 

P. braconnieri from P. orbiculare (Table 1). 

The fossil material was identified as Phrynosoma orbiculare according to the following 

combination of characters: meckelian groove close-fitting to the middle-line, without horns or 

ornamentations in the labial side of dentary, frontal bone flat with tapered tubers, and ratio between 

the parietal horns length and skull length between 3.03-5.02 mm. 
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Table 2. Parietal horns length of different species of Phrynosoma provided by Montanucci (1989), 
osteological reference material (DP), and fossil material (SJC). 
 
Source Taxon Parietal horns length (mm) 
SJC 222311 Phrynosoma orbiculare fossil 4.1 
SJC 222311 Phrynosoma orbiculare fossil 4.3 
Montanucci, 1989 Phrynosoma asio 3.60-5.97 
Montanucci, 1989 Phrynosoma braconnieri 2.55-4.22 
Montanucci, 1989 Phrynosoma cornutum 5.96-9.49 
Montanucci, 1989 Phrynosoma coronatum 6.48-10.32 
Montanucci, 1989 Phrynosoma ditmarsi 1.11-1.80 
Montanucci, 1989 Phrynosoma mcallii 9.11-9.92 
Montanucci, 1989 Phrynosoma modestum 2.19-3.63 
Montanucci, 1989 Phrynosoma orbiculare 3.03-5.02 
Montanucci, 1989 Phrynosoma platyrhinos 5.14-6.39 
Montanucci, 1989 Phrynosoma solare 7.48-11.92 
Montanucci, 1989 Phrynosoma taurus 1.86-3.09 
DP 8182 Phrynosoma orbiculare 5.1 
DP 8146 Phrynosoma orbiculare 4 

 

Phrynosoma orbiculare is endemic to Mexico, found in the Sierra Madre Oriental, Sierra 

Madre Occidental, and Mexican Plateau. This species inhabits the semiarid shrub and pine and oak 

mountain forests (Sherbrooke, 2003). 

The spiny lizards Sceloporus is represented by four left dentaries (SJC 5391, 5397, 5412, 

5432), one right dentary (SJC 5418), four right maxillas (SJC 5402, 5414, 5416, 5426), three left 

maxillas (SJC 5391, 5406, 5421), and two premaxillas (SJC 5393, 5434). Teeth with tricuspid and 

chisel like crowns are typical for Sceloporus (Etheridge, 1964). Althought the fossil specimens were 

compared with some Sceloporus species, the high diversity and variability within the genus 

(Etheridge, 1964) prevents separation of the remains to the species level. The fossil specimens have 

different features that distinguish them from each other, suggesting the presence of more than one 

species as suggested by Mead et al. (1999). 

Sceloporus is the most diverse lizard genus of North and Central America with 91 known 

species (Bell et al., 2003). They occur from southern Canada to Panama (Wiens and Reeder, 1997), 

in a wide variety of environments from the beach to the coniferous forests. 

 

4.2. Fossil squamate snakes 

The fossil snakes from San Josecito Cave included the taxa Heterodon simus, Hypsiglena, 

Storeria, Tantilla and Crotalus. 
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4.2.1. Colubridae 

The hognose snake Heterodon simus is represented by one cervical vertebra (SJC 5439) 

(Figure 3A1-2.). The vertebra is identified as Heterodon for the following reasons: its strongly 

depressed neural arch and without subcentral bridges (Meyland, 1982); the neural spine is longer 

than high with the anterior margin concave and posterior margin convex; and different from Farancia 

it has two concave margins present (Holman, 2000). Meyland (1982) has separated morphologically 

the Heterodon species using a discriminant analysis (Table 3). Based on Meyland (1982) results, the 

fossil vertebra matches H. simus. 

 

Table 3. Different vertebra ratios for Heterodon species provided by Meyland (1982) and fossil 
material (SJC). Abbreviations: cl, centrum length; naw, neural arch width; po-pr, postzygapophysis 
to prezygapophysis length; pr-pr, prezygapophysis to prexygapophysis width; zw, zygosphene 
width. Measured in mm, mean ± standar deviation. 
 
Source Taxon po-pr/naw cl/naw pr-pr/cl pr-pr/zw 
SJC 222311 H. simus fossil 

 
1.22 1.07 1.5 2.75 

Meyland, 
1982 

H. nasicus recent 1.59±0.130 1.68±0.20 1.40±0.12 2.35±0.18 

Meyland, 
1982 

H. nasicus fossil 1.62±0.17 1.70±0.19 1.40±0.11 2.37±0.23 

Meyland, 
1982 

H. platyrhinos recent 1.72±0.16 1.57±0.17 1.41±0.08 2.20±0.18 

Meyland, 
1982 

H. platyrhinos fossil 1.75±0.17 1.62±0.15 1.39±0.11 2.23±0.16 

Meyland, 
1982 

H. simus recent 1.33±0.08 1.56±0.15 1.49±0.14 2.30±0.12 

 

The Southern Hognose Snake Heterodon simus ranges throughout the southeastern United 

States from southern North Carolina to southern Florida extending west along the Gulf of Mexico to 

southern Louisiana. It inhabits xeric environments and highlands, preferring sandy soils in Pinus 

forests and low and open underwood (Jordan, 1998). The SJC occurrance is the first record of 

Heterodon for the Pleistocene of Mexico and the first record of H. simus in Mexico. 

Hypsiglena is represented by six trunk vertebrae (SJC 5409, 5410, 5412, 5414, 5431, 5435) 

(Figure 3C1-4). The vertebrae are identified as Hypsiglena based on their longer than wider centrum 

with a length between 1.85 to 2.4 mm; depressed neural arch in posterior view, short neural spine, 
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and posteriorly oriented accessory process (Van Devender and Mead, 1978); well developed 

interzigapophisial bridges and lack of anterior projections on the neural spine (LaDuke, 1991). 

 

 

Figure 3. Fossil snake vertebrae recovered in San Josecito Cave. A, Heterodon simus (SJC 
222311) cervical vertebra. B, Tantilla (SJC 5435) trunk vertebra. C, Hypsiglena (SJC 5412) trunk 
vertebra. D, Storeria (SJC 5398) trunk vertebra. A1, C1 and D1 in anterior view; A2, B2, C2 and D2 
in dorsal view; B1 and C3 in posterior view; B3 and D3 in lateral view; B4, C4 and D4 in ventral 
view. Left bar = 1 mm. Right bar = 0.5 mm. 

 

The Hypsiglena torquata complex is composed by seven species H. torquata, H. affinis, H. 

slevini, H. tanzeri, H. jani, H. chlorophacea and H. ochrorhyncha (Mulcahy, 2008). The fossil material 

cannot be separated at the species level because useful quantitative or qualitative features that would 

separated them could not be identified. Hypsiglena is distributed from Western and Central United 

States to the Balsas Depression and the Mexican Plateau (Mulcahy, 2008). Hypsiglena jani occurs 

today in the State of Nuevo León (Lazcano et al., 2007). 

The Mexican Brown snake Storeria is represented by16 cervical vertebrae (SJC 5391, 5392, 

5402, 5410-5412, 5414, 5431) and 45 trunk vertebrae (SJC 5391-5393, 5395, 5398, 5399, 5401, 

5402, 5408-5412, 5414, 5416, 5431, 5432, 5437)(Figure 3D1-4.). The fossil remains are identified as 

Storeria based on their small size with a centrum length of 1.1-1.95 mm; low neural spine with 
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concave margins (Auffenberg, 1963); small, posteriorly directed hypaphophysis; and the neural spine 

extending beyond the neural arch posteriorly in dorsal view (Holman, 2000). The four species of 

genus Storeria today are: S. dekayi, S. hidalgoensis, S. occipitomaculata and S. storerioides (Linner 

and Casas-Andreu, 2008). Auffenberg (1963) provides quantitative data to discriminate S. dekayi and 

S. occipitomaculata vertebrae; and S. storerioides data were added. The results separate the fossil 

vertebrae from S. dekayi, but not from other species (Table 4). 

 

Table 4. Different vertebra ratios for Storeria species provided by Auffenberg (1963), osteological 
reference material (CNAR), and fossil material (SJC). ). cl, centrum length. naw, neural arch width. 
nlu, length at the dorsal edge of neural spine. hn, height of neural spine. po-pr, postzygapophysis to 
prezygapophysis length. pr-pr, prezygapophysis to prezygapophysis width. zw, zygosphen width. 
 
Source Taxon cl/naw po-pr/pr-pr nlu/zw nlu/hn 
SJC 5391-5437  Storeria fossil 1.66±0.112 0.989±0.04 1.178±0.111 2.881±0.909 
CNAR 
uncatalogued 

S. storerioides 2.19±0.069 1.084±0.026 1.13±0.018 3.193±0.279 

Auffenberg 1963 S. dekayi 1.98±0.169 1.165±0.078 1.295±0.092 3.445±0.304 
Auffenberg 1963 S. occipitomaculata 1.89±0.113 1.075±0.035 1.62±0.028 5.27±0.382 

 

Storeria is widely distributed in North America, from northeastern Canada, eastern United 

States, Mexico to Honduras. It is found between 635 to 3200 m elevation in coniferous forests 

(Trapido, 1944). Today, S. dekayi texana (Contreras-Lozano et al., 2010) and S. hidalgoensis 

(Lazcano et al., 2009a, 2009b) range in the State of Nuevo Leon. 

The black-headed snake Tantilla is represented by one cervical vertebra (SJC 5435) and two 

trunk vertebrae (SJC 5425, 5435) (Figure 3B1-4.). The fossil vertebrae are identified as Tantilla based 

on a centrum length less than 1.75 mm, subcentral bridge absent, short accesory process and low 

neural spine (Meyland, 1982); hemal keel gladiate; parapophysis like a small projection; convex 

zygosphene in dorsal and anterior view (Auffenberg, 1963); and shallow neural arch (LaDuke, 1991; 

Holman, 2000). 

The genus Tantilla today is composed of 53 species (Wilson, 1999). They are distributed from 

the southern United States to Argentina (Holman, 2000). In Mexico, 27species are known and 11 in 

the United States. Three species are found around the SJC area today: T. atriceps, T. rubra, and T. 

wilcoxi (Lazcano et al., 2007). The genus is present in different vegetation types and widely 

distributed. 
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4.2.2. Viperidae 

The rattlesnakes Crotalus is represented by 41 trunk vertebrae (SJC 5388, 5391-5393, 5396, 

5397, 5405, 5407, 5409, 5410, 5412, 5419, 5422, 5423, 5425, 5432, 5436, 5439). The fossil 

specimens are identified as Crotalus based on the hypapophysis almost as wide as the condyle; large 

paracotilar foraminae; and epizygapophysial spines absent. These features allow separation of the 

fossil material from Agkistrodon. Subcentral bridges, a tiny anterior processes, and neural spine are 

absent. These absences allow the separation of the fossil material from Sistrurus (Auffenberg, 1963; 

Holman, 1981; LaDuke, 1991; Meyland, 1982). Today, Crotalus is composed of 41 species (Campbell 

and Flores-Villela, 2008; Uetz and Hallermann, 2015). It is not possible to separate the species by 

vertebral morphology (Parmley, 1990). 

Crotalus is distributed from southern Canada to northern Argentina, excluding the Amazon 

Basin tropical forest (Holman, 2000). They inhabit different environments from desert to coniferous 

forests (Murphy et al., 2002). Six species are found today in the State of Nuevo León; C. atrox, C. 

lepidus, C. pricei, C. molossus, C. scutulatus, and C. totonacus (Lazcano et al., 2007, 2009a, 2009b; 

Contreras-Lozano et al., 2010). 

 

4.3. Extralimital taxa 

Of the 10 fossil herpetofauna identified taxa, three do not occur in the SJC region today. In 

the late Pleistocene, the squamate diversity in SJC was composed of elements from different today´s 

biogegraphical regions: 1) Heterodon simus from eastern United States, 2) Barisia imbricata from the 

Neovolcanic Transmexican Belt; and 3) Phrynosoma modestum from the Mexican Plateau (Figure 

4). 

 

4.4. Paleoenvironment 

The Habitat Weighted analysis for each taxon was based on the dominant vegetation found 

today in the localities where the different taxa are distributed. Results indicated that vegetation in the 

SJC surroundings was an open temperate forest, grassland, and oak-pine forest, during the Late 
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Pleistocene (Table 5). Phrynosoma modestum was the only taxon that inhabits xerophylous scrub 

(Figure 5) and Juniperus forest.  

 

 

Figure 4. Recent distributional range of fossil herpetofauna taxa identified from San Josecito Cave 
(Black square), indicating relationship of Sierra Madre Oriental (San Josecito Cave) with eastern 
North America (Heterodon simus), Mexican Plateau (Phrynosoma modestum) and Trans Volcanic 
Belt (Barisia imbricata-Barisia ciliaris sympatry area). 

 

5. Discussion  

5.1 Pleistocene Squamata 

The SJC squamate reptile diversity has increased its fossil record to 11 taxa of four families, 

eight genera, and five reptiles species, including seven new records (Brattstrom, 1955; Mead et al., 

1999) (Table 6). This locality contains a relatively large number of taxa, exceeded only by Santa Cruz 

Nuevo in Puebla (Tovar-Liceaga and Montellano-Ballesteros, 2006) and Rancho La Brisca in Sonora 

(Van Devender et al., 1985). Heterodon simus represents the first record of the species in Mexico. 

Barisia ciliaris, Phrynosoma modestum, Heterodon simus, Tantilla, and Storeria are the first records 

for the Pleistocene in Mexico; and Barisia imbricata is first record for the State of Nuevo León. As 
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noted by Mead et al. (1999), no specimens have been identified as the extinct species Phrynosoma 

josecitensis by Brattstrom (1955). 

 

Table 5. Taxa abundance and weighted habitat for the San Josecito Cave squamate reptile 
assemblage. NISP, number of identifiable bones. MNI, minimum number of individuals. P-O, Pine-
Oak forest. O-P, Oak-Pine forest. CF, Cloud forest. DS, Desert Scrub. OF-S, Open forest and 
Savannah. 
Taxa Abundance Vegetation type 

NISP MNI NISP/MNI P-O O-P CF DS OF-S 
Barisia ciliaris 41 23 1.78 0 0.89 0 0 0.89 
Barisia imbricata 12 8 1.5 0.75 0 0 0 0.75 
Phrynosoma orbiculare 5 2 2.5 0.62 0.62 0 0.62 0.62 
Phrynosoma modestum 1 1 1 0 0 0 0.5 0.5 
Sceloporus 14 4 3.5 0.7 0.7 0.7 0.7 0.7 
Tantilla 3 1 3 0.75 0.75 0.75 0.75 0 
Heterodon simus 1 1 1 0.5 0 0 0 0.5 
Hypsiglena 6 1 6 1.5 1.5 0 1.5 1.5 
Storeria 61 6 10.17 3.36 3.36 0 0 3.36 
Crotalus 41 4 10.25 2.05 2.05 2.05 2.05 2.05 

Total    10.23 9.87 3.5 6.12 
10.8
7 

 

 

Figure 5. Palaeoenvironmental reconstruction using the Habitat Weighted analysis for the squamate 
reptiles assemblage of San Josecito Cave area for the late Pleistocene. The highest value is with 
OF-S and P-O, indicating a mosaic vegetation including open forest of Pinus-Quercus with 
grassland. Numbers are of habitat weighted values. P-O, Pine-Oak forest. O-P, Oak-Pine forest. 
CF, Cloud forest. DS, Desert Scrub. OF-S, Open forest and Savannah. 
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Table 6. Late Pleistocene squamate reptiles from San Josecito Cave 
 
Brattstrom 1955 Mead et al. 1999 Present study 
Squamata Squamata Squamata 
 Anguidae Anguidae 
      Barisia cf. B. imbricata      Barisia imbricata 
       Barisia ciliaris 
Phrynosomatidae Phrynosomatidae Phrynosomatidae 
     Phrynosoma josecitensis †   
     Phrynosoma orbiculare      Phrynosoma cf. orbiculare      Phrynosoma modestum 
      Sceloporus spp.      Phrynosoma orbiculare 
       Sceloporus spp. 
  Colubridae 
       Tantilla sp. 
       Heterodon simus 
       Hypsiglena 
       Storeria sp. 
  Viperidae 
       Crotalus spp. 

 

5.2 Paleodistribution 

An abrupt retraction occurs in the distribution of Heterodon simus from the Sierra Madre 

Oriental to the eastern United States. Some mammals, like the Southern bog lemming Synaptomys 

cooperi and the Meadow vole Microtus pennsylvanicus follow the same retraction pattern (Ceballos 

et al., 2010; Ferrusquía-Villafranca et al., 2010). 

Barisia imbricata also shows a change in its distribution to the Mexican Transvolcanic Belt. 

The association between the Sierra Madre Oriental and the Mexican Transvolcanic Belt have not 

been discussed for mammals in similar studies (e.g. Ceballos et al., 2010; Ferrusquía-Villafranca et 

al., 2010). Molecular data for Ambystoma, Crotalus, and Phrynosoma indicate a strong phylogenetic 

relation between the Mexican Transvolcanic Belt and the Sierra Madre Oriental (Shaffer and 

McKnight, 1996; Bryson et al., 2011, 2012). The presence of Barisia imbricata and B. ciliaris in the 

same geographic area has also been recognized in the State of Hidalgo (Guillette and Smith, 1982; 

Zaldívar-Riverón et al., 2005). This co-occurance indicates that sympatry extended as far as 450 km 

north to the State of Nuevo León during the Pleistocene. 

Although Phrynosoma modestum is found in the State of Nuevo León, it does not inhabit the 

pine-oak forest around SJC. It inhabits the open shrub areas in arid and semiarid watersheds 

(Sherbrooke, 2003), and Juniperus forest in the State of Nuevo León (Canseco-Márquez et al., 2004; 

Lazcano et al., 2007). The distributional pattern linking the Sierra Madre Oriental with the Mexican 



48 
 

Plateau represent by P. modestum is also repeated by the spiny pocket mouse Liomys irroratus 

(Ceballos et al., 2010; Ferrusquía-Villafranca et al., 2010). This relationship supports the proposal of 

Martin (1958), that a strong connection existed between those two areas during the Pleistocene. This 

suggestion is based on biogeographic analysis of amphibians and reptiles, climate, vegetation types 

and historical geology in the Gómez Farías Region, Tamaulipas. This pattern is also inferred for the 

genus Sceloporus poinsettii (Gadsden et al., 2005) y S. mucronatus (Méndez-de la Cruz et al., 1994). 

Shifts in taxa distribution appear related to environmental changes associated with changes 

in global climate (Polly et al., 2011). During the Pleistocene, climate and environmental conditions 

were highly dynamic. Distributional changes found in studies such as phylogeography, show the 

expansion and contraction of amphibian and reptiles ranges during glacial and interglacials (Douglas 

et al., 2006, 2009; Hutchison et al., 1999; McGuire et al., 2007; Waltari et al., 2007). We suggest that 

in the past climatic and environmental condition necesary to shelter the presence of H. simus, B. 

imbricata and P. modestum was present, although these species are not together today. 

 

5.3 Paleoenvironment 

In the SJC area during the late Pleistocene the vegetation is a mosaic principally of an open 

forest with savanna, dominated by Pinus and Quercus, and xeric scrub with Juniperus. This 

reconstruction differs from previous environmental inferences for the SJC area based on mammals 

(Arroyo-Cabrales et al., 1989, 1993; Arroyo-Cabrales and Johnson, 1995, 1997), birds (Steadman et 

al., 1994), and lizards (Mead et al., 1999). Those studies suggest the presence of oak-pine forest 

similar to the current setting. Our data expanded palaeoenvironmental reconstruction in agreement 

with pollen data recovered from the Pleistocene in the northern portion of Mexico. Those data 

indicates that Juniperus forest into the xeric scrub was widely spread in the late Pleistocene. This 

forest type around SJC is 400 km south from its current distribution (Caballero et al., 2010; Metcalfe, 

2000, 2006; Van Devender and Mead, 1978).  

The presence of two Barisia species in the same geographic area is uncommon. Today, B. 

ciliaris and B. imbricata are sympatric only in Atotonilco el Grande (Figure 4), northern State of 

Hidalgo (Guillette and Smith, 1982; Zaldívar-Riverón et al., 2005). Assuming niche conservatism, the 
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weather conditions in SJC area, 450 km north, would have been similar during the Pleistocene. Data 

from 1951 to 2010 in the Atotonilco el Grande weather station show an annual mean temperature of 

16.3°C, and an annual precipitation of 787.3 mm (smn.cna.gob.mx). In contrast, San Francisco (the 

closest weather station to the cave area), has an annual mean temperature of 17.3°C and annual 

precipitation of 319.9 mm (smn.cna.gob.mx). During the Pleistocene, then, the annual mean 

temperature in the SJC area may have been 1°C lower and the annual precipitation 467.4mm greater 

than today. These conditions also allowed the presence of other temperate climates taxa like 

Marmota and Synaptomys (Davis, 2005; Ceballos et al., 2010). 

 

6. Conclusions 

Results from this study indicate the herpetological community has varied from late Pleistocene to 

present in the SJC area. Changes in squamate reptiles’ distribution showed a strong relationship 

between the Sierra Madre Oriental with the eastern United States, Mexican Transvolcanic Belt, and 

Mexican Plateau. Ranges contracted to the north or south of the cave area. During the late 

Pleistocene, the SJC area had a mosaic vegetation composed principally of an open forest with 

grasslands dominated by Pinus and Quercus, and a secondary xeric scrub with Juniperus. The 

annual mean temperature in SJC area appears to have been 1°C lower and the annual precipitation 

467.4mm greater than today. This inference is based the sympatric distribution between Barisia 

imbricata and B. ciliaris. 
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Abstract 

Climate and ecological changes during the Quaternary modified the structure of biological 

communities through time. Based on the herpetofauna of the Sonoran Desert we reconstructed the 

late Quaternary paleoclimate and vegetation structure estimating changes in the amphibian and 

reptile communities through time. Of the total of fossil herpetofauna, two species of anuran, four of 

lizards, three of snakes and two of turtles are not found nowadays in the Sonoran Desert. Compared 

with current climate data, we found an important decrease in temperature and an increase of 

precipitation during the mid-Holocene, the Younger Dryas and the early Wisconsinian. The early 

Holocene, the Pleistocene-Holocene transition, the Allerød/Bølling and the Last Glacial Maximum 

presented drier conditions than recent. Vegetation structure in stripes, as found today, featured in the 

mid-Holocene and early Wisconsinian. In contrast, from the early Holocene up to the Last Glacial 

Maximum the vegetation structure was in mosaic. The amphibian and reptile communities are first 

affected by changes in vegetation structure and then by climate changes.  

Key words 

Amphibian and reptile communities; Pleistocene-Holocene; Paleoclimate; Vegetation structure.  
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Introduction  

Lacustrine records provide the most used and reliable data to reconstruct paleoclimate and 

paleoenvironment of past biological communities because of their depth temporal resolution (Hodell 

et al., 2008). Most studies in these sites are based on pollen information and have shown that past 

communities are not always analogous with recent ones (e.g. McAuliffe and Van Devender, 1998; 

Jackson and Overpeck, 2000; Hodell et al., 2008; Gonzales et al., 2009; Correa-Metrio et al., 2012). 

This same pattern has been found during the late Quaternary research in studies based on fossil 

fauna (Stewart, 2009). For example, in North America mastofauna that characterize eastern United 

States today was absent during the late glacial (Semken Jr. et al., 2010); and according to the 

vegetation reconstruction made by Jackson and Overpeck (2000), the mammal communities 

indicated a combination of deciduous forest, grassland, subtropical savannah and boreal elements in 

the southeastern region of North America (Semken Jr. et al., 2010). Evidences of non-analogous 

communities between glaciations and interglaciations in the Holocene and Pleistocene were 

described with fossil mastofauna in Great Britain, aevidencing that faunas are more disparate faunas 

according to the increment of time in which they are compared (Stewart, 2008). 

Biological communities are structured according to how species respond to climate changes in the 

World (Stewart, 2009), for how long those changes occur, and the magnitude and direction of the 

response of each taxon. It is predicted that communities do not have to react as unique entities, 

instead they respond to the individual reaction of each species to climate and environmental changes 

(Jackson and Overpeck, 2000. This forms communities with different structures and composition 

between a time range interval (Stewart and Cooper, 2008). 

Herbivorous megafauna (mammals ≥44kg) promoted spatial heterogeneity forming vegetation 

mosaics in the same zone, combining open vegetation and woody zones with a great diversity of 

habitats and species (Guthrie, 1984). The extinction of the megafauna caused a decrease in the 

interaction between large herbivores and vegetation, changing the influence of the CO2 in the nitrogen 

cycle and plant nutritional contents, while fires incidence increased because of the accumulation of 

plant material (Johnson, 2009a). The megafauna extinction along with different climate conditions 



66 
 

thereafter defined the Pleistocene-Holocene transition, allowing the restructuration of vegetal 

communities in altitudinal and latitudinal stripes, during the Holocene (Johnson, 2009a, 2009b; Gill et 

al., 2009, 2012, 2014; Faith, 2011, 2014; Yansa and Adams, 2012; Brault et al., 2013; Yeakel et al., 

2013; Froyd et al., 2014; Weigl and Knowles, 2014). Changes in vegetal communities structure should 

be also reflected in the composition of the other smaller and more habitat-dependent vertebrate 

communities. 

Fossils of micromammals, birds, amphibians, reptiles and fish show important features for past 

climates and environment reconstruction (Holman, 1995; Legendre et al., 2005; Blain et al., 2008, 

2009, 2010, 2011, 2012, 2013; Corona-M., 2008). The specialization of amphibians and reptiles to 

certain environments allows the reconstruction of past climates making them excellent markers in 

sites with fossils remains of these groups (Blain et al., 2008, 2009, 2010, 2011, 2014). 

In this study, we analyzed Pleistocene and Holocene amphibians and reptiles to answer the following 

question: Does changes in the structure of amphibian and reptile communities during the Quaternary 

respond to the climate change or to the vegetation structure type? 

Material and methods 

Study site 

The sites with fossil amphibians and reptiles in the Sonoran Desert used in this study are  

Whipple Mountains, Redtail Peaks, Artillery Mountains, New Water Mountains, Burro Canyon and 

Brass Cap Point, Wellton Hills, Wolcott Peak, Tucson Montains (Van Devender and Mead, 1978), 

and Rancho la Brisca (Van Devender et al., 1985) (Figure 1, Table 1). The Sonoran Desert is a 

subtropical arid area largely located in the peninsula of Baja California, western Sonora, southwestern 

Arizona and southeastern California. Main vegetation type in the Sonoran Desert is xerophytic scrub 

(Rzedowski, 2006) with arboreal cacti, wich reflects a strong affinity with the subtropical thorn scrub 

found in the south of the Sonoran Desert (Van Devender, 1990). It has elevations from below sea 

level up to 1000 m. The annual mean mid-temperature ranges between 12 to 26°C and mean annual 

diurnal range of 20°C. In summer, temperatures can reach more than 40°C in shade in 74.2% of the 

Sonoran Desert area. Highest temperatures occur in June or July, with a second maximum during 
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September, typical for intertropical zones. The temperatures can be cold at night, although the 

intensity and frequency of low temperatures diminish towards the south. Mean annual precipitation is 

lower than 100 mm. Rainy seasons occur twice a year with strong monsoons in summer for Sonora 

and Arizona and in winter for Baja California Peninsula. The high pressure semi-permanent Northeast 

Pacific wind cell and the water cold current of the California Gulf causes, arid or semi-arid climates in 

95% of the Sonora surface (Brito-Castillo et al., 2010). 

 

Figure 1. Localization of the sites with fossil amphibians and reptiles in the Sonoran Desert used in 
this study. Whipple Mountains (a), Redtail Peaks (b), Artillery Mountains (c, d), New Water 
Mountains (e, f), Burro Canyon and Brass Cap Point (g), Wellton Hills (h), Wolcott Peak (i), Tucson 
Montains (j), and Rancho la Brisca (k). Low elevation in light gray and high elevation in dark gray. 
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Table 1. Sites (Figure 1) and calibrates radiocarbon ages with CalPal (Danzeglocke et al., 2015). 
*Ages calibrated by Van Devender et al. (1985). 

Site Ca14 +/- CalPal +/- min max 
Artillery Mountains 10250 200 11990 408 11582 12398 
Tucson Montains 12430 400 14751 685 14066 15436 
Wolcott Peak 5020 80 5775 96 5679 5871 
Wolcott Peak 12130 500 14419 757 13662 15176 
Wolcott Peak 14550 800 17560 952 16608 18512 
Brass Cap Point 11450 400 13422 439 12983 13861 
Burro Canyon 13400 250 16281 510 15771 16791 
Burro Canyon 14400 330 17628 418 17210 18046 
New Water Mountains 7870 750 8890 838 8052 9728 
New Water Mountains 10880 900 12624 1214 11410 13838 
New Water Mountains 11000 510 12778 640 12138 13418 
New Water Mountains 11060 390 12935 431 12504 13366 
New Water Mountains 12090 570 14411 838 13573 15249 
Wellton Hills 6600 370 7436 375 7061 7811 
Wellton Hills 7950 370 8873 420 8453 9293 
Wellton Hills 8150 260 9051 327 8724 9378 
Wellton Hills 8750 320 9841 371 9470 10212 
Wellton Hills 10580 550 12212 726 11486 12938 
Wellton Hills 10750 400 12486 534 11952 13020 
Redtail Peaks 8910 360 10048 447 9601 10495 
Redtail Peaks 9160 170 10343 219 10124 10562 
Redtail Peaks 10030 160 11642 292 11349 11934 
Redtail Peaks 10930 170 12897 147 12749 13044 
Redtail Peaks 13810 270 16863 500 16363 17363 
Rancho la Brisca 6080 250 6942 281 6661 7223 
Rancho la Brisca* nd nd 75000 nd 75000 nd 
Rancho la Brisca* nd nd 125000 nd 125000 nd 

 

Amphibian and reptile communities 

The list of extant amphibians and reptiles species found today in the Sonoran Desert was obtained 

from Phillips and Wentworth (2000), Molina-Freaner and Van Devender (2010) and Rorabaugh 

(2008). Fossil amphibian and reptile data were obtained from Van Devender et al. (1985), Van 

Devender and Mead (1978), and White et al. (2010). Names of species were updated using Frost 

(2015) for amphibians, and Uetz and Hallermann (2016) for reptiles. 14C ages derived from studies 

with fossil amphibian and reptiles (Table 1), were calibrated using CalPal (Danzeglocke et al., 2015). 

The calibrated ages were grouped in eight age classes: Recent (0 ka), mid-Holocene (5-8 ka), early 

Holocene (8-10 ka), Pleistocene-Holocene transition (10-12 ka), Younger Dryas (YD, 12-14 ka), 

Allerød/Bølling (AB, 14-17), Last Glacial Maximum (LGM, 17-23 ka) and early Wisconsinian (75-125 

ka). 
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Paleoclimate reconstruction  

We select the Mutual Climatic Range method to model the recent distribution of each fossil taxon with 

extant counterparts data found in the site by overlapping their distributions. We assumed that the 

overlapping distribution areas contained the climatic values that were present in the past, and that 

the climatic conditions from where the fossil community was found are represented by the overlapping 

of the distributions (Blain et al., 2009). 

We created a Species Distribution Model (SDM) using historic records of extant taxa collected and 

cleaned from Sistema Nacional de Información sobre la Biodiversidad (CONABIO; 

www.conabio.org.mx), Global Biodiversity Information Facility (GBIF; www.gbif.org) and matched 

wiht the literature (e.g. Taylor, 1938; Bogert and Oliver, 1945; Smith and Hensley, 1958; Conant and 

Berry, 1978; Grismer, 2002; Brennan and Holycross, 2006; Rorabaugh, 2008; Lemos-Espinal and 

Smith, 2009; Enderson et al., 2009, 2010). 

We builted the SDMs using MaxEnt v3.3 (Phillips et al., 2006). MaxEnt provides the use of SDM to 

explore and predict the taxa distribution, even with a small number of records (Wisz, et al., 2008). We 

generated ten models for each species, using bootstrap sampling, each model was validated with the 

30% of the original records. To evaluate the models we use the Area Under de Curve (AUC) 

generated by the Receiver Operating Characteristic technique (ROC). We obtained the potential 

distribution reclassifying the potential area with 10 percentil training presence. The result was a binary 

map indicating the optimal climatic conditions (1= optimal, 0= not optimal) for each fossil amphibian 

and reptile species found in each time interval in the paleontological record of the Sonoran Desert. 

We overlapped all species potential distributions shaping the amphibian and reptile 

communities for each time interval in ArcGis 10.0. Then, we extracted the values of the 19 bioclimatic 

variables from Worldclim (Hijmans et al. 2005; www.worldclim.org) from overlapped area, with wich 

we inferred the paleoclimate for each time interval.  

 

Paleoenvironment reconstruction  

Using the amphibians and reptiles incidence (presence-absence) database generated for each age 

group (Supplementary Table 1), we produced a Habitat Weighting analysis (Blain et al., 2008) using 

http://www.gbif.org/
http://www.worldclim.org/
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six different habitat types: Sonoran Desert, thornscrub, deciduous tropical forest, grasslands, 

mountain forest and Chihuahuan Desert. Depending on how many taxa were found in each habitat 

type per time interval, we divided the maximum value of 1 between the numbers of habitats occupied. 

The sum of the habitat weighting values for each species allowed the reconstruction of the vegetation 

type of the distinct time intervals during the Pleistocene and Holocene. 

 

Evolution of the amphibian and reptile communities through time  

Using incidence data of amphibians and reptiles species for each age group, we obtained a distances 

matrix using the Chord Distance Method, tested as a good method for identifying communities that 

are not analogous (Bocard, et al., 2011). We used the Bray-Curtis method to detect ecological 

changes through time (Stewart, 2008). We compared the dissimilarity index of Recent and fossil 

communities and with a cluster analysis we grouped the age intervals, verifying the assignment of 

age groups to each cluster with an Amplitude Silhouette Analysis. We performed the association 

between the studied age groups with a Principal Coordinate Analysis (PCoA). For the analysis we 

used R (R Development Core Team, 2013) with the cluster packages (Maechler, 2013) labsdy version 

1.5-0 (Roberts, 2013) and vegan version 2.0-7 (Oksanen et al., 2013). 

 

Results 

We obtained a database of 14 anurans, 18 lizards, 25 snakes and 6 turtles for the interval Pleistocene 

to Holocene in the Sonoran Desert (Supplementary Table 1). The anurans Craugastor augusti and 

Leptodactylus melanonotus, the lizards Cophosaurus texanus, Holbrookia elegans, Phrynosoma 

modestum and Sceloporus undulatus, the snakes Coluber mentovarius, Pituophis melanoleucus and 

Sonora semiannulata, and the turtles Terrapene sp. and Kinosternon flavescens are not found today 

in the Sonoran Desert, but they were in the past. 
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Sonoran Desert paleoenvironment through the Pleistocene-Holocene 

Habitat weighting values (Table 2; Fig. 2) shows that the Sonoran Desert is today dominated by 

Sonoran Desert habitat and that the remaining vegetation types are structured in stripes. During the 

mid-Holocene a similar pattern was found but by the early Holocene. The dominance of the Sonoran 

Desert habitat was slightly higher than the rest of the vegetation types, showing a mosaic vegetation 

structure. For the early Wisconsinian the habitat weighting values increased for all vegetation types, 

suggesting that the vegetation structure in stripes was present in this time interval (Fig. 2). 

Table 2. Habitat weighting of the amphibians and reptiles communities regarding to the habitat type 
that they belong in each age interval. 0 ka = Recent, 5-8 ka = mid-Holocene, 8-10 ka = early 
Holocene, 10-12 ka = Pleistocene-Holocene transition, 12-14 ka = Younger Dryas, 14-17 ka = 
Allerød/Bølling, 17-23 ka = Last Glacial Maximum, 75-125 ka = early Wisconsinian.  

Interval 
of time 

Sonoran 
Desert Thornscrub 

Tropical 
deciduous 

forest Pastureland 
Mountain 

forest 
Chihuahuan 

Desert 

Recent 17.56 11.56 7.15 6.91 2.36 5.08 
5-8 ka 10.67 7.17 4.34 6.18 4.56 3.93 
8-10 ka 6.43 1.93 1.43 1.35 0 0.85 
10-12 ka 6.16 4.16 1.83 2.91 1.48 1.33 
12-14 ka 4.23 1.73 1.23 1.65 0.5 0.65 
13-17 ka 5.29 2.79 2.29 2.96 1.16 1.46 
17-23 ka 3.91 2.91 1.41 1.41 0.16 1.16 
75-125 ka 5.21 6.37 5.29 3.3 1.77 2.64 

 

Sonoran Desert paleoclimate through the Pleistocene-Holocene  

Our paleoclimate reconstruction shows an important climatic variability in the Sonoran Desert 

throughout the Pleistocene and Holocene. The climate for the Sonoran Desert today, estimated with 

the Mutual Climatic Range method with amphibians and reptiles, has an annual mean temperature 

of 22.25°C and an annual precipitation of 167.48 mm/year (Table 3, Fig. 3). The maximum 

temperature is 40.39°C in July and the minimum is 5.38°C in December. The largest amount of 

precipitation is 81.80 mm between the months of July to September and the drier months have a 

precipitation of 8.33 mm in April-June. The values reconstructed with the Mutual Climatic Interval 

method for today agreed with the climatic data for the Sonoran Desert of the Western Regional 

Climate Center (www.wrcc.dri.edu), Rzedowski (2006) and Brito Castillo et al. (2010). 

 

http://www.wrcc.dri.edu/
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Figure 2. Change in the vegetation structure in the Sonoran Desert during the Pleistoene and 
Holocene as revealed the Habitat Weighting analysis using amphibian and reptiles data as proxies. 
A stripe vegetation structure is predicted for the early Wisconsinian. During the Pleistocene to early 
Holocene increasing the heterogeneity of habitats to mosaic structure. A stripe vegetation is 
observed again from the mid-Holoceno to the Recent. 0 ka = Recent, 5-8 ka = mid-Holocene, 8-10 
ka = early Holocene, 10-12 ka = Pleistocene-Holocene transition, 12-14 ka = Younger Dryas, 14-17 
ka = Allerød/Bølling, 17-23 ka = Last Glacial Maximum, 75-125 ka = early Wisconsinian. 

 

The annual mean temperature values calculated for all studied age intervals turned out to be always 

below to those of today (Fig. 3, Table 3). For the mid-Holocene the temperature was 2.75°C lower 

and for the early Holocene and the Pleistocene-Holocene transition 1°C lower, but for YD the 

temperature decreased up to 5.71°C less, and for the early Wisconsinian 6.71°C. During the 

Allerød/Bølling and the LGM the temperature was just 2°C lower (Fig. 3, Table 3). 

In the early Wisconsinian, YD and, mid-Holocene, the annual precipitation increased associated to 

temperature drop. But in early Holocene, Pleistocene-Holocene, Allerød/Bølling and LGM, the 

precipitation was lower compared with that of today, showing drier climates (Fig. 3, Table 3). 
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Temperature variables are lower in the YD and in the early Wisconsinian, except for the temperature 

for July-September that in the early Wisconsinian was 5.99°C higher than today (Fig. 4). The 

precipitation variables increased in those age intervals with higher temperature decrements (mid-

Holocene, YD and early Wisconsinian), except for the precipitation during the coldest months 

(December-February) in the early Wisconsinian, with the lowest estimated precipitation of 17.86 mm 

(Fig. 5). 

 

 

Figure 3. Annual mean temperature reconstruction (solid line) and annual precipitation (dotted line), 
by means of amphibians and reptiles, through the Pleistocene and Holocene of the Sonoran Desert. 
The error bars show the standard deviation. 5-8 ka = mid-Holocene, 8-10 ka = early Holocene, 10-
12 ka = Pleistocene-Holocene transition, 12-14 ka = Younger Dryas, 14-17 ka = Allerød/Bølling, 17-
23 ka = Last Glacial Maximum, 75-125 ka = early Wisconsinian. 
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Table 3. Temperature (°C) and precipitation (mm) climate values inferred for the Sonoran Desert 
through the Pleistocene and Holocene. 0 ka = Recent, 5-8 ka = mid-Holocene, 8-10 ka = early 
Holocene, 10-12 ka = Pleistocene-Holocene transition, 12-14 ka = Younger Dryas, 14-17 ka = 
Allerød/Bølling, 17-23 ka = Last Glacial Maximum, 75-125 ka = early Wisconsinian. 

Intervale of time 0 ka 5-8 ka 8-10 
ka 

10-12 
ka 

12-14 
ka 

14-17 
ka 

17-23 
ka 

75-125 
ka 

Annual mean 
temperature 

22.25 19.50 21.27 21.81 16.54 20.50 20.46 15.54 

Mean diurnal range 15.64 17.01 16.88 16.34 17.74 16.94 15.64 17.14 
Max temperature of 
warmest month (July) 

40.39 38.80 40.10 41.16 35.49 39.64 39.72 32.97 

Min temperature of 
coldest month 
(December) 

5.387 1.54 4.41 4.19 -1.64 3.74 3.21 -2.57 

Temperature annual 
range 

35.00 37.26 35.69 36.97 37.13 35.90 36.51 35.54 

Mean temperature of 
wettest quarter (July-
September) 

17.16 24.16 18.90 13.88 23.26 16.65 20.83 23.15 

Mean temperature of 
driest quarter (April-
June) 

25.69 23.05 25.09 25.55 16.83 24.91 24.06 9.70 

Mean temperature of 
warmest quarter 
(June-August) 

31.52 29.21 30.29 31.59 25.93 29.56 30.35 24.20 

Mean temperature of 
coldest quarter 
(December-February) 

13.34 10.12 12.75 12.47 7.37 12.04 11.06 6.66 

Annual precipitation 167.48 220.21 130.13 134.64 269.16 157.08 132.85 313.70 
Precipitation of wettest 
month (August) 

34.04 43.62 22.15 20.98 53.12 26.44 22.42 59.31 

Precipitation of driest 
month (May) 

1.01 2.68 0.28 0.97 4.54 0.50 1.30 6.64 

Precipitation of wettest 
quarter (July-
September) 

81.80 104.25 58.24 53.62 137.40 71.01 54.11 164.57 

Precipitation of driest 
quarter (April-June) 

8.33 14.60 6.23 8.00 20.05 8.41 8.90 25.59 

Precipitation of 
warmest quarter (July-
August) 

60.26 83.37 27.47 29.57 111.58 29.02 36.45 148.20 

Precipitation of coldest 
quarter (December-
February) 

51.82 55.60 53.72 50.87 54.07 65.86 45.01 33.96 
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Figure 4. Pleistocene and Holocene temperature variables reconstructed from the mutual climatic 
range method with amphibian and reptiles of the Sonoran Desert. 0 ka = Recent, 5-8 ka = mid-
Holocene, 8-10 ka = early Holocene, 10-12 ka = Pleistocene-Holocene transition, 12-14 ka = 
Younger Dryas, 14-17 ka = Allerød/Bølling, 17-23 ka = Last Glacial Maximum, 75-125 ka = early 
Wisconsinian. 
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Figure 5. Pleistocene and Holocene precipitation variables reconstructed from the mutual climatic 
range method with amphibian and reptiles of the Sonoran Desert. 0 ka = Recent, 5-8 ka = mid-
Holocene, 8-10 ka = early Holocene, 10-12 ka = Pleistocene-Holocene transition, 12-14 ka = 
Younger Dryas, 14-17 ka = Allerød/Bølling, 17-23 ka = Last Glacial Maximum, 75-125 ka = early 
Wisconsinian. 

 

 

 

 



77 
 

Evolution of the amphibian and reptile communities in the Sonoran Desert through the Pleistocene-

Holocene 

Distance between age intervals with Chord Distance and Bray-Curtis analyses were similar using 

both methods. Dissimilarity values obtained by the Chord Distance and Bray-Curtis methods showed 

the ecological distance between the composition of the amphibian and reptiles communities today 

and the studied age intervals (Table 4, Fig. 6). Hereinafter Chord Distance values will be used for 

analysis of the results. 

Table 4. Dissimilarity matrix between the different age groups during the Holocene and Pleistocene. 
Values the matrix above the diagonal are Bray Curtis index and the values below the diagonal are 
cord distance index. 0 ka = Recent, 5-8 ka = mid-Holocene, 8-10 ka = early Holocene, 10-12 ka = 
Pleistocene-Holocene transition, 12-14 ka = Younger Dryas, 14-17 ka = Allerød/Bølling, 17-23 ka = 
Last Glacial Maximum, 75-125 ka = early Wisconsinian. 

 0 ka 5-8 ka 8-10 ka 10-12 ka 12-14 ka 14-17 ka 17-23 ka 75-123 ka 

0 ka 0 0.309 0.564 0.482 0.652 0.554 0.544 0.451 
5-8 ka 0.319 0 0.625 0.579 0.538 0.473 0.560 0.740 
8-10 ka 0.662 0.680 0 0.796 0.361 0.423 0.565 0.884 
10-12 ka 0.549 0.607 0.364 0 0.851 0.529 0.574 0.764 
12-14 ka 0.746 0.625 0.429 0.857 0 0.288 0.619 0.937 
14-17 ka 0.623 0.518 0.565 0.529 0.308 0 0.623 0.850 
17-23 ka 0.656 0.633 0.892 0.586 0.619 0.630 0 0.819 
75-123 ka 0.487 0.746 0.364 0.767 0.943 0.854 0.833 0 
 

The Early Wisconsinian dissimilarity values among composition of amphibian and reptiles 

communities with regard to the Recent were lesser than the Pleistocene. This age interval showed 

the most drastic climate changes. The annual mean temperature was 6.71°C lower and the 

precipitation was 146.22 mm higher than today; and the vegetation structure tend to stripes type, as 

is today. 

In the YD we found the greatest dissimilarity values of amphibian and reptiles communities with 

respect to the Recent. In this age period, the mosaic vegetation structure was present but there were 

drastic changes in the climate. The annual mean temperature was 5.71°C lower, but the annual 

precipitation was 101.68 mm higher than today. The dissimilarity values between amphibians and 

reptiles compositions were close between the Allerød/Bølling and LGM, and the mosaic vegetation 
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structure is present. However, the annual mean temperature was 1.75°C and 1.79°C lower, and the 

precipitation 10.4 mm and 34.63 mm lower than today, respectively. 

today (Fig. 2, 6 C). 

The early Holocene to LGM presents dissimilarity values of amphibian and reptiles communities 

above to 49% of dissimilarity with respect to the Recent. These age intervals have associated the 

vegetation structure towards a mosaic, although climatic values did no differ much from today. Then, 

in the early Holocene the annual mean temperature and the annual precipitation were just 0.98°C 

and 37.35 mm lower with respect to the Recent, respectively. In the Pleistocene-Holocene transition 

the dissimilarity values among amphibians and reptiles communities decreased with respect to early 

Holocene. Climate in the Pleistocene-Holocene transition showed 0.44°C decrement in the annual 

mean temperature and a 32.84 mm in the annual precipitation than today, however a mosaic 

vegetation structure remains (Fig. 2, 6). 

The mid-Holocene showed the lowest dissimilarity values with respect to the Recent, indicating few 

changes in the amphibians and reptiles community structure. During the mid-Holocene the mean 

annual temperature was 2.76°C below and annual precipitation 52.75 mm above the Recent climate 

(Fig. 6 A, B). In spite of climatic differences between both age intervals, it appears to be that climate 

modifications through time have not affected the composition of the amphibians and reptiles 

communities in a great scale, possibly because the vegetation was structured in stripes during the 

mid-Holocene as it is found  
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Figure 6. Chnages in annual temperature (A), annual precipitation (B), and vegetation structure (C) 
through time, comparing past amphibiand and reptile communities with the Recent, using Chord 
Distance values (segmented line) and Bray-Curtis values (dotted line). In C, gray scale shows 
bottom up: Sonoran Desert, thornscrub, deciduous tropical forest, grasslands, mountain forest and 
Chihuahuan Desert. 0 ka = Recent, 5-8 ka = mid-Holocene, 8-10 ka = early Holocene, 10-12 ka = 
Pleistocene-Holocene transition, 12-14 ka = Younger Dryas, 14-17 ka = Allerød/Bølling, 17-23 ka = 
Last Glacial Maximum, 75-125 ka = early Wisconsinian. 
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PCoA showed the relationship of the vegetation structure (X axis, CoA1) and the climate variables (Y 

axis, CoA2). According to this analysis, in quadrant I the Recent and the Early Wisconsinian was 

defined by a vegetation structure in stripes and strong influence of the climatic variables. In quadrant 

II, the mid-Holocene and the Pleistocene-Holocene transition was definided by the vegetation 

structure in stripes and slight climatic variables influence. In Quadrant III, the early Holocene and the 

Younger Dryas was defined by a vegetation structured in mosaic and strong influence of climatic 

variables. In quadrant IV, the Allerød/Bølling is defined by a vegetation structure in mosaic and little 

climatic variables influence (Fig. 7).  

 
Figure 7. Principial coordinates analysis (PCoA) made with the chord distance (A) and Bray-Curtis 
(B) methods. The PCoA area was divided in four quadrants inferring the variables that affected 
amphibian and reptile communities for each age group: I. Stripe vegetation structure and strongly 
affected by climate, II. Stripe vegetation structure and slightly influenced by climate, III. Mosaic 
vegetation structure and strongly influenced by climate, IV. Mosaic vegetation structure and slightly 
influenced by climate. In both cases, results were similar. 0 = Recent, 1 = mid-Holocene, 2 = early 
Holocene, 3 = Pleistocene-Holocene transition, 4 = Younger Dryas, 5 = Allerød/Bølling, 6 = Last 
Glacial Maximum, 7 = early Wisconsinian. 

 

Discussion  

Paleoclimate evolution of the Sonoran Desert  

The climate reconstruction for the early Wisconsinian our estimated mean annual temperature lower 

than today agreed with data of the Greenland ice sheet (Dahl-Jensen et al., 1998). Our annual 

precipitation estimated with a more humid climate than today, agreed with that for Babícora (around 



81 
 

79-85 ka; Roy et al., 2013), being the only paleopreciptation datum available for the region in this age 

interval. 

For the Allerød/Bølling and the LGM, we inferred that the average mean temperature was about 2°C 

lower, and annual precipitation was also lower compared to the Recent (Table 3, Fig.3). A lower 

temperature is consistent with the suggested of Kirby et al. (2013), that during the Allerød/Bølling the 

precipitation was realtively higher during the winter (Table 3, Fig. 4), and even lower during the LGM 

(Roy et al., 2014). For both age intervals we predicted a lower summer precipitation than today (Table 

3, Fig. 4) agreeing with Roy et al. (2012, 2013), but not Kirby et al. (2013) results, who suggested a 

higher precipitation. 

For Younger Dryas we predicted that the annual mean temperature was 5.71°C lower, and the annual 

precipitation greater compared to the Recent (Table 3; Fig. 3). Our data agree with the “great cooling” 

suggested by Kirby et al. (2013), during this time interval in which temperatures was 5-6°C less 

compared to the Recent (Metcalfe, 2006; Fiedel, 2011). We inferred that precipitation was 

considerably higher during the summer (Table 3, Fig. 4), affecting positively the annual precipitation 

in the Sonoran Desert (Roy et al., 2013). Concurring with Metcalfe (2006) and Antiano and McDonald 

(2013), there are no changes in the winter precipitation, as our results show. During the Younger 

Dryas the climate during this age interval was similar to “El Niño” with an important influence of the 

Gulf of California (Antiano and McDonald, 2013). 

In the Pleistocene-Holocene transition we inferred that the mean annual temperature was similar to 

the Recent, but the annual precipitation was lower (Table 3, Fig. 3). Our data agreed with a dry and 

hot weather, as inferred with speleothems in Arizona (Antiano and McDonald, 2013) and with diatoms 

in Guaymas (Roy et al., 2014). Both, Roy et al. (2012, 2013, 2014) and Antiano and McDonald (2013) 

showed evidence that during the Pleistocene-Holocene transition there was a higher precipitation, 

contrary to our findings. 

In the early Holocene we predicted that temperature was almost 1°C lower and that the precipitation 

decrease was also lower, compared to the Recent. There is a controversy It has been suggested that 

in the early Holocene, there were either humid (Anderson and VanDevender, 1995; Roy et al. 2012; 
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Antiano and McDonald, 2013) or arid (Antiano y Mcdonald, 2013) conditions, and that the variability 

of “El Niño” was similar to the one today (Antiano and McDonald, 2013). However, both hypothesis 

agreed with our data in that the surface ocean temperature was lower than today (Barron, et al., 

2012). Using fossil pollen evidence McAuliffe and VanDevender (1998) and Metcalfe (2006), results 

contrast with these evidence suggesting that for this age interval the temperature was 2°C higher 

than today.  

For the mid-Holocene, the climatic recostrunction suggested a mean annual temperature 2.75°C 

lower and, annual and summer precipitations higher than today (Table 3, Fig. 3, 4). Contrary to our 

results McAuliffe and Van Devender (1998), Metcalfe (2006) and Barron et al. (2012), predicted that 

the temperature in the Sonoran Desert was 2 °C higher than today by using paleovegetation as a 

proxy. However their estimation does not matches with Antiano and McDonald (2013) finding in which 

is known that during the mid-Holocene the temperature of the ocean surface decreased. Our results 

also agreed with a more humid climate for the mid-Holocene (Anderson and Van Devender, 1995; 

McAuliffe and Van Devender, 1998; Metcalfe, 2006). The summer precipitation appears to be highly 

influential in the annual precipitation (Barron et al., 2012; Roy et al., 2012; Antiano and McDonald, 

2013) as it is predicted by our data (Table 3, Fig. 4). A higher precipitation was possibly caused by 

the contribution of the effect of North American monsoon (Poore et al., 2005; Barron et al., 2012), 

that is believed to become very important during the mid-Holocene (Roy et al., 2012), associated to 

the displacement of the intertropical convergence zone (ZITC) to the north (Barron et al., 2012) with 

a higher influence of the Gulf of Mexico than that of the Gulf of California in the past (Antiano and 

McDonald, 2013). 

 

Vegetation structure for the Pleistocene-Holocene in the Sonoran Desert 

Clark et al. (2012) indicated that for North America the change of the vegetation structure occurred 

in the 16-11 ka interval. In contrast, we predicted that a mosaic vegetation structure with grasslands 

and open forests persisted from the LGM up to the early Holocene and that the change from a mosaic 
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vegetation structure to a stripe vegetation structure occurred during the mid-Holocene, remaining until 

today (Fig. 2, 6 C). 

Our data agreed with other published information: Williams et al. (2004) using fossil pollen data 

inferred that the LGM in southeastern North America was dominated by open forests and grasslands; 

Anderson and van Devender (1998) indicated that the vegetation structure that exists today was 

established between the 9300-5400 BP;, and Hall et al. (1988) suggested that pine and junipers 

forests existed in the Sonoran Desert in the 15-16 ka interval, and were mixed with the Sonoran 

Desert vegetation during the 11-8 Ka and in the 10-5 ka a more humid Sonoran Desert was 

established (Fig. 2, 6 C). We believe that the Sonoran Desert as structured today was established in 

the last 4 ka (Hall et al., 1988; McAulifle and VanDevender, 1998, Metcalfe, 2006). 

Guthrie (1984) proposed that the megafauna was an important factor in the construction of the mosaic 

vegetation, combining open forests and a greater plant diversity compared to that found today. Large 

mammals have effected on vegetation coverage, seed dispersal, nutrient cycles and fire regimens; 

also, because of their dispersal capacity, megafauna may have increased the environmental 

heterogeneity (Johnson, 2009a; Faith, 2011; Gill, 2014). 

Studies with fungus spores Sporormiella indicated a synchronic event in which an important change 

in the vegetation structure was associated to a large carbon accumulation caused by a larger number 

of fires following the extinction of the megafauna (Gill et al., 2009, 2012; Gill, 2014). Today, fires are 

considered as the primary abiotic force affecting vegetation structure (Gill, 2014). When the 

megafauna was present, fires were fewer because megaherbivores diminished the accumulation of 

ignitable leaf litter and vegetal material (Faith, 2011; Gill, 2014). However, it is believed that during 

the early and mid-Holocene, the extinction of the megafauna together with the influence of the first 

humans inhabitanting the Americas may have influenced on the fire regimens in a local way only 

(Marlon et al., 2013). Anthropogenic activity, together with climate factors was more influencial during 

the Late Holocene (3000 BP) (Power et al., 2008; Pausas and Keeley, 2009; Marlon et al., 2009, 

2013; Pinter et al., 2011).  
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It can be predicted that the change in the vegetation structure must have occurred during the North 

American megafauna extinction dated between ~13800-11400 BP cal (12000-10000 BP 14C) (Faith 

and Surovell, 2009; Haynes, 2013; Johnson, 2013; Faith, 2014). However our data suggest that in 

the Sonoran Desert the vegetation structure changed during the early Holocene (8-10 ka). These 

data disagree with our findings where the vegetation structure change during the early Holocene (8-

10 ka). Then, we think that the change of vegetation from a mosaic structure to a stripes structure 

was rather produced by the climate change. Another possibility is that the extinction of the megafauna 

in the Sonoran Desert, scarcely studied in this region (Barnosky et al., 2014), may have occurred 

later than as generally proposed for North America.  

Ecological change of amphibian and reptilian communities in the Sonoran Desert through the 

Pleistocene-Holocene 

The only study to understand the transition of small vertebrates in the Pleistocene-Holocene transition 

was by Blois et al. (2010) who found local extinction, loss and gain of species, and changes in the 

abundance of small mammal communities through time. They predicted that changes in the 

community structure were consequences of megafaunal extinction and climate change, together. 

However our results show that vegetation structure is the main factor that modified the structure of 

amphibian and reptilian communities, followed by climate change. Certainly, the tight interactions 

between the vegetation structure and the amphibian and reptiles community composition lessened 

the climate change effects. 

In the Sonoran Desert, the amphibian and reptilian communities were affected in first place by the 

vegetation structure and then by the climate. The greater dissimilarities of the amphibian and reptiles 

communities with the Recent (>0.49) occurred during the mid-Holocene when the vegetation structure 

changed from a mosaic type to the stripes type found today. Small vertebrates cannot alter the 

environment in a significant way, but changes in vegetation structure caused by any mean (e.g. 

extinction of megafauna or climate ) can affect the communities of small vertebrates since their 

biology are tightly linked to these factors (Gill, 2014). 
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Plants do not only provide food to herbivores, but they also provide habitat to other biological 

components in the ecosystem (Willis and McDonald, 2011). They modify the habitat creating 

microhabitats that would lessen the effects of climate change by enhancing favorable microclimates 

ofr many species (Pontes et al., 2013; Scheffers et al., 2014). Bromelias are generally used by 

amphibians for breeding or resting sites; phytotelms allow to lessen the air temperature from 93 to 

100% of each 1°C air temperature increases, enhancing conditions for the adult amphibians and 

providing the necessary humidity in dry weather (da Silva et al. 2011; Pontes et al., 2013); and Agave 

spp. provide resting place to anurans such as Plectrohyla ameibothalame (Canseco-Marquez et al., 

2002).  

Lizard species can maintain their preferred body temperatures through behavioral thermoregulation 

and habitat selection (Grigg y Buckley, 2013). Some Chihuahuan and Sonoran desert species of 

Phrynosoma and other phrynosomatid lizards display crepuscular activity as a adaptive mechanism 

for escaping the effects of climate warming (Lara-Resendiz et al. 2013, 2015). Sceloporus undulatus 

speari used a thermoregulation behavior by perching in a sun/shadow mosaic within the vegetation 

to mitigate the heat, whereas in cooler seasons it uses perches with direct solar incidence (Lemos-

Espinal et al., 2003). The interaction of the vegetation structure and lizard species may affect the 

abundance of each species within the community. Open areas where the temperature is higher 

benefits Anolis carolinensis, fallen trunks benefits A. carolinensis and Sceloporus undulatus, the 

decrement of leaf litter in the ground favors S. undulatus and none of the conditions mentioned above 

favors Scincella lateralis which prefers a larger canopy coverage and the presence of leaf litter on the 

ground (Sutton et al., 2014).  

It is clear that amphibians and reptiles have tight biotic interactions with the vegetation structure where 

they live in. These interactions reduced the effect of communities against climate change, reducing 

the effect of increments and reduction of temperature and precipitation. These changes have 

happened in the past and surely will occur in the future. 

 

Conclusions 
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During the Holocene, the Sonoran Desert was drier and warmer than in the Pleistocene, except for 

the mid-Holocene where the temperature decrease and the precipitation increased. Changes in 

vegetation structure does not seem to be directly associated to the megafauna extinction interval for 

North America, even though the Sonoran Desert region has been poorly studied. 

Through time, amphibian and reptile communities respond first to changes in the vegetation structure 

and then to climate changes. Biotic interactions between vegetation and amphibians and reptiles 

could have had an important role to lessen the climate change effects in the past.  
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Supplementary Table 1. Fossil and Current amphibians and reptiles founded in the Quaternary of 
the Sonoran Desert. 
 
Taxa Recent 5-8 

ka 
8-10 
ka 

10-12 
ka 

12-14 
ka 

14-17 
ka 

17-
23 
ka 

75-
125 
ka 

Anaxyrus cognatus 1 0 0 0 0 0 0 1 
A. kelloggi 1 0 0 0 0 0 0 1 
A. punctatus 1 1 0 1 0 1 0 0 
A. woodhousii 1 1 0 0 0 0 0 0 
Incilius alvarius 1 0 0 0 0 0 0 1 
I. mazatlanensis 1 0 0 0 0 0 0 1 
Craugastor augusti 0 0 0 0 0 0 0 1 
Hyla arenicolor 1 0 0 0 0 0 0 1 
Smilisca fodiens 1 0 0 0 0 0 0 1 
Leptodactylus 
melanonotus 

0 0 0 0 0 0 0 1 

Gastrophryne 
olivacea 

1 0 0 0 0 0 0 1 

Lithobates sp. 1 1 0 0 0 0 0 1 
Scaphiopus couchii 1 1 0 0 0 0 0 1 
Spea hammondii 1 1 0 0 0 0 0 0 
Crotaphytus collaris 1 1 0 1 0 1 0 0 
Gambelia wislizeni 1 0 0 1 0 0 0 0 
Coleonyx variegatus 1 1 1 1 0 0 0 0 
Heloderma 
suspectum 

1 1 0 0 0 0 0 0 

Dipsosaurus dorsalis 1 1 1 0 1 0 1 0 
Sauromalus ater 1 1 0 0 0 0 0 1 
Callisaurus 
draconoides 

1 1 0 0 0 0 0 0 

Cophosaurus 
texanus 

0 1 0 0 0 0 0 0 

Holbrookia elegans 0 1 0 0 0 0 0 0 
Phrynosoma 
modestum 

0 1 0 0 0 0 0 0 

Phrynosoma solare 1 1 0 0 0 0 0 0 
Sceloporus clarkii 1 1 0 0 0 0 0 1 
Sceloporus magister 1 1 0 1 1 1 1 0 
Sceloporus 
undulatus 

0 1 0 1 1 1 0 0 

Urosaurus graciosus 1 0 1 0 0 0 0 0 
Urosaurus ornatus 1 1 0 0 0 0 0 0 
Uta stansburiana 1 0 0 1 0 0 0 0 
Aspidoscelis sp. 1 1 0 1 0 0 1 0 
Aspidoscelis tigris 1 1 0 1 0 0 1 0 
Boa constrictor 1 0 0 0 0 0 0 0 
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Lichanura trivirgata 1 0 0 1 0 0 0 0 
Arizona elegans 1 1 1 0 1 1 0 0 
Chionactis occipitalis 1 1 1 0 1 1 0 0 
Coluber flagellum 1 0 0 0 0 0 0 0 
Coluber mentovarius 0 0 0 0 0 0 0 1 
Coluber sp. 1 1 0 1 0 0 1 1 
Gyalopion canum 1 1 0 0 0 0 0 0 
Hypsiglena torquata 1 1 1 0 1 1 1 1 
Lampropeltis getula 1 1 0 0 0 1 0 0 
Lampropeltis 
pyromelana 

0 1 0 0 0 0 0 0 

Phyllorhynchus 
decurtatus 

1 1 1 0 0 0 1 0 

Phyllorhynchus sp. 1 1 1 0 1 1 0 0 
Pituophis 
melanoleucus 

0 1 0 1 0 1 0 0 

Rhinocheilus lecontei 1 1 0 0 1 1 1 0 
Salvadora sp. 1 0 0 1 0 0 0 1 
Sonora semiannulata 0 0 1 0 1 1 0 0 
Thamnophis 
cyrtopsis 

1 0 0 0 0 0 0 1 

Thamnophis sp. 1 0 0 0 0 0 0 1 
Trimorphodon 
biscutatus 

1 1 1 0 1 1 0 0 

Rena humilis 1 1 0 0 0 0 1 0 
Crotalus atrox 1 1 0 1 0 0 0 1 
Crotalus cerastes 1 0 0 1 0 0 0 0 
Crotalus scutulatus 1 1 0 0 0 0 0 0 
Crotalus sp. 1 1 0 1 0 1 0 1 
Terrapene sp. 0 0 0 0 0 0 0 1 
Kinosternon 
arizonense 

1 0 0 0 0 0 0 0 

Kinosternon 
flavescens 

0 0 0 0 0 0 0 1 

Kinosternon 
sonoriense 

1 0 0 0 0 0 0 1 

Gopherus agassizii 1 0 1 1 0 1 1 0 
Gopherus sp. 1 0 1 1 0 1 1 1 
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CAPÍTULO IV 

RECONSTRUCCIÓN DE CLIMAS PASADOS UTILIZANDO EL CENTROIDE DE 
NICHO Y PATRONES DE ABUNDANCIA 

(Palaeontologia Electronica: En revisión) 
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ABSTRACT 

To study the past, present and future of ecological systems is necessary consider the biotic 

components such as species, populations, communities, biotic interactions, human activities 

and, the abiotic components such as the climate, soil, topography, water temperature, etc. 

Considering these also are important to reconstruct ecological systems, paleoclimate and 

paleoenvironments, thus exploring the ecological theory in the past. Ecological features are 

very susceptible to environmental modifications, and among these, it is expected that 

demography is the first to be affected during events of climate change. Paleoclimatic 

reconstructions with vertebrates have never used the species abundance as an ecometric to 

infer past climates. Theoretically, a species is expected to reach their highest abundance in 

the center of their climate niche, declining in abundance toward the climate niche edges. Here 

we use the Distance to the Niche Centroid approach (DNC), to reconstruct the climate shifts 

through different stratigraphic layers during the Quaternary in Loltún Cave, Yucatán by 

inferring abundance shifts of the Yucatan small-eared shrew Cryptotis mayensis. The 

paleoclimatic reconstruction suggests an interstadial in the XII layer where the climatic 

conditions were slightly colder and more humid than today. In layers X-VIII, we found the 

Last Glacial Maximum (LGM) with a mean annual temperature (MAT) 4.15ºC colder and an 

annual precipitation (AP) 1945.94 mm higher than the present one. In layers VII-VI, the 

MAT is 3ºC higher than in the LGM layer and the AP is variable in accordance with the 

Bølling-Allerød. The Younger Dryas founded in layer V has similar climatic conditions to 

LGM. Finally, the most recent layers (IV-I) have a similar MAT and an AP lower than to 

today, representing ages posterior to the Early Holocene. The use of abundance as an 
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ecometric to reconstruct the paleoclimate is an optional tool for reconstruct past 

environments. 

Keywords: Niche Centroid, abundance, ecometric, palaeoclimate, Yucatán Peninsula. 

 

RESUMEN 

Los estudios de sistemas ecológicos en el presente, pasado y futuro requieren la 

consideración de componentes bióticos como las especies, poblaciones, comunidades, 

interacciones bióticas, actividades humanas y, del conocimiento de los componentes 

abióticos como el clima, suelo, topografía, temperatura del agua y más. Lo anterior puede 

ayudarnos a reconstruir el paleoclima y los paleoambientes, explorando así la teoría ecológica 

en el pasado. Las reconstrucciones paleoclimáticas realizadas con vertebrados nunca han 

utilizado la abundancia de las especies, como ecométrico, para inferir climas pasados a pesar 

de que las características demográficas son las primeras en ser afectadas durante eventos de 

cambios ambientales. La abundancia de las especies es mayor en el centro de su nicho 

ambiental y se hace menor conforme se acerca a los extremos del mismo. En el presente 

estudio utilizaremos la Distancia al Centroide de Nicho (DCN) y los datos de abundancia 

relativa actual y fósil de la musaraña Cryptotis mayensis para reconstruir el clima durante el 

Cuaternario de la Gruta de Loltún, Yucatán. La reconstrucción paleoclimática sugiere un 

interestadial en la capa XII con condiciones ligeramente más frías y más húmedas que las 

actuales. En las capas X-VIII se encuentra el Último Máximo Glacial (UMG) con una 

temperatura promedio anual (TPA) 4.15°C más fría y una precipitación anual (PA) 1945.94 

mm mayor a la actual. En las capas VII-VI la TPA es 3°C mayor con respecto al UMG y la 
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PA es variable, correspondiendo al Bølling-Allerød. La capa V representa al Younger Dryas 

con condiciones climáticas similares al UMG. Finalmente, las capas más recientes (IV-I) 

presentan una TPA similar y una PA inferior a la actual, colocando estas capas posteriores al 

Holoceno temprano. El uso de la abundancia como un ecométrico para reconstruir el 

paleoclima resulta una herramienta opcional para conocer los ambientes pasados. 

Palabras clave: Centroide de nicho, abundancia, ecométrico, paleoclima, Península de 

Yucatán. 
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INTRODUCTION 

To study past, present and future of ecological systems is necessary to consider not only their 

biotic components such as the species, populations, communities, biotic interactions and 

human activities (Post, 2013) but also to know their abiotic components such as the climate, 

soil, topography, water temperature, etc. (Birks et al., 2010). All these components help us 

to reconstruct the paleoclimates and paleoenvironments, thus exploring the ecological theory 

in past environments, the main objective of the paleoecology (Louys et al., 2012). 

Paleoclimatic records are essential because they have a main role for understanding the past 

and present climatic system of the Earth, giving insights to predict the future climate changes 

(Fitzpatrick et al., 2010). 

Generally, paleoclimatic reconstructions have been made using different proxies as rings of 

trees, glacial records, fossil pollen, oceanic sediments, corals, isotope analysis, foraminifera, 

ostracods and historic records (Farmer and Cook, 2013). For continental climatic 

reconstructions it has been use pollen (e.g. Seppä and Bennett, 2003; Correa-Metrio et al., 

2012a; Tarasov et al., 2013), glacial records (e.g. Fitzpatrick et al., 2010; Lachniet and 

Vazquez-Selem, 2005) and packrat middens (e.g. Betancourt et al., 1990).  

Vertebrates have ecometrics, defined as functional traits that reflect the interactions among 

individuals their abiotic surroundings, can be used to reconstruct past climates and 

environments (Eronen et al., 2010a; Polly et al., 2011). This idea was first proposed by 

Brattstrom (1956), who established that if past reconstructions are based in a plants-

environment relationship, this relationship should also exist for vertebrates allowing to trace 

past living conditions when we know their current ecological requirements.  
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Paleoclimatic reconstructions using vertebrates have been done with different ecometrics 

such as thermal ecology (Markwick 1994, 1998), mass-specific metabolic relationship 

between body size and climate in poikilotherms (Head et al., 2009, 2013), relationship 

between ecophysiological groups and the climate (Böhme 2003, 2004, 2008, 2010), transfer 

functions (Hernández-Fernández y Peláez-Campomanes, 2005), relationship between 

climate and diversity (Montuire et al., 1997, 2006; Legendre et al., 2005; Escude et al., 2013), 

hypsodonty patterns (Fortelius et al., 2002, 2006; Eronen et al., 2010b, 2011); mutual 

climatic range (Blain et al., 2007, 2009, 2010, 2011, 2012, 2013, 2014, 2015; Polly and 

Eronen, 2011; Smith and Polly, 2013), and taphonomy (Holden et al., 2013). Despite that 

demographic characteristics are the first to be affected during events of climate change(Davis 

et al., 1998; Buckley, 2013; HilleRisLambers et al., 2013), paleoclimatic reconstructions 

with vertebrates have never used species abundance as an ecometric to infer past climates. 

According to the center abundance hypothesis, the species reach their highest abundance in 

the center of their distributional range, declining toward the edges (Brown 1984; Brown et 

al., 1995; but see Sagarin and Gaines, 2002). This hypothesis has been demonstrated to be 

noa absolutely true and cannot stated as a general rule (Sagarin and Gaines, 2002), and that 

alternative patterns of distribution of abundance, such as the ecological niche, should be used 

(Sagarin and Gaines, 2002, Yañez-Arenas et al., 2012, 2014; Martínez-Meyer et al., 2013; 

Micheletti and Storfer, 2015; Ureña-Aranda et al., 2015). Yañez-Arenas et al. (2012) and 

Martínez-Meyer et al. (2013) developed a method, the Distance to the Niche Centroid 

approach (DNC), using species distribution models (SDM) to evaluate the relationship 

between species abundance with their climatic niche. In the present study, we attempt to use 
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the DNC approach and the abundance as a paleoclimatic proxy to reconstruct climatic shifts 

through different Quaternary stratigraphic layers in the Loltún Cave, Yucatán. 

 

LOCALITY 

Loltún Cave, Yucatán 

Loltún Cave (20°15’14.35”N, 89°27’20.82”W, 40 m elevation) is located in the southwest 

portion in the state of Yucatán, México, about 110 km south of Mérida and 7 km southwest 

from Oxcutzcab (Figure 1). The cave lays in Miocene karstic limestones on the foothills of 

the Sierra de Ticul. Loltún Cave is an east-west- oriented series of tunnels and chambers. The 

fossil material here used was obtained in the Huechil chamber that was systematically 

excavated using a metric grid and controlled stratigraphy between 1977 and 1981 (Arroyo-

Cabrales and Álvarez, 1990, 2003; Arroyo-Cabrales and Polaco, 2003). The Loltún Cave is 

an important archaeological and paleontological site because of the presence of Pleistocene 

fauna and lithic tools (Arroyo-Cabrales and Álvarez, 2003). Paleontological studies have 

been focused on mammals (Mercer, 1975; Cope, 1975; Hatt, 1953; Álvarez, 1972; Álvarez 

and Arroyo-Cabrales, 1990; Arroyo-Cabrales and Álvarez, 1990, 2003), pollen (Xelhuantzi-

López, 1986 and Montúfar, 1987), mollusks (Polaco, 1972), birds (Fisher, 1953) and 

amphibians and reptiles (Langebartel, 1953, Cruz et al., 2016). 
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Figure 1. Loltun Cave (White star) in Yucatan Peninsula, Mexico. 

 

The stratigraphic sequence was reported in three main groups (Schmidt, 1988; Arroyo-

Cabrales and Álvarez, 2003): 

Group 1. Levels I to VII, Ceramic Stage with extinct animals remains are found in the bottom 

of level VII dated at 12 720 14C yr BP (15131 ± 289 cal year BP) (Arroyo-Cabrales y Álvarez, 

2003). 

Group 2. Level VIII, Pre-Ceramic Stage with some lithic elements and extinct fauna. 

Group 3. Levels IX to XVI, Pleistocene in age, without any cultural material, but level XI 

has volcanic ash correlated to the Rosseau tephra dated at 28400 14C yr BP (32782 ± 296 cal 

year BP). 
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MATERIALS AND METHODS 

We chose Cryptotis mayensis as our species of study because: 1) small mammals are good 

proxies for paleoclimatic reconstructions (Hernández-Fernández and Peláez-Campomanes, 

2005), 2) shrews and moles have the lowest dispersal mean among mammals when climate 

change occurs (Urban et al., 2013), 3) C. mayensis fossil record is well represented in Loltún 

Cave (Álvarez, 1972; Arroyo-Cabrales and Álvarez, 2003) and 4) we gathered recent data 

for observed relative abundance of the species in the Yucatán Peninsula (LG com. pers.). 

 

Relative fossil abundance 

We counted the total number of fossil remains, including the number of identified 

osteological remains (NISP) and the minimum number of individuals (MNI), which indicates 

the lowest quantity of fossil organisms represented in each stratigraphic layer (Lyman, 2008). 

The values of relative fossil abundance were calculated using the MNI of Cryptotis mayensis 

in each stratigraphic layer using the number of cranial remains, right jaws or left jaws.  

Current patterns of abundance 

Estimation of abundance as a function of the distance niche centroid in the climatic 

distribution of Cryptotis mayensis was done following the method of Yañez-Arenas et al. 

(2012) and Martínez-Meyer et al. (2013). The species distribution model (SDM) was created 

using the locality data from natural history collections such as Sistema Nacional de 

Información sobre la Biodiversidad (CONABIO; www.conabio.org.mx), the Global 

Biodiversity Information Facility (GBIF; www.gbif.org), the Mammal Networked 
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Information System (MaNIS; manisnet.org), data reported in literature (Choate, 1970; 

Woodman and Timm, 1993, 1999; Carraway, 2007; Woodman, 2010, 2011; Guevara et al. 

2014) and the specimens examined and collected by one of us (LG). The current patterns of 

abundance of C. mayensis were taken from the historical records of the specie and data 

provided by LG.  

The SDM was constructed in MaxEnt v3.3 (Phillips et al., 2006). We used the 19 bioclimatic 

variables from worldclim`s database (Hijmans et al. 2005; www.worldclim.org) with ~1 km 

of resolution. For the species, 10 distinct models were generated using the bootstrap sampling 

and each model was validated with the 20% of the original records. To evaluate the model, 

the area under the curve (AUC) generated with the ROC technique (Receiver Operating 

Characteristic) was used. The potential distribution was obtained by reclassifying with the 

10 percentile training presence. This was implemented in ESRI ArcGIS v. 10.0 (Redlands, 

CA, USA). As a result, it was created a binary map showing the potentially optimal climatic 

conditions for C. mayensis (1 = optimal, 0 = not optimal). 

Climatic niche structure 

To characterize the climatic niche we used the 19 bioclimatic variables derived from the 

worldclim database. Each cell of the potential distribution of C. mayensis had specific 

climatic values that were standardized, subtracting each value to its mean and dividing by its 

standard deviation, producing a z-standard normal variable (0 = mean, 1 = standard 

deviation) (Yañez-Arenas et al., 2012; Martínez-Meyer et al., 2013). Then, we identified the 

cells with current abundance data and calculated the distance niche centroid (DNC) using the 

Mahalanobis distance (Yañez-Arenas et al., 2014). The value of the niche centroid is where 

all the climatic variables are equal to zero (Yañez-Arenas et al., 2012). 

http://www.worldclim.org/
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Using the best fitted regression, in this case the logarithmic regression (Figure 2), we related 

the current abundance to the distance niche centroid. To calculate the DNC in the past, we 

converted the relative fossil abundance (MNI) to DNC values. To achieve this, we isolated 

the x variable from the equation of the logarithmic regression (Table 1). 

Paleoclimatic reconstruction 

We relate the present DNC with the current mean annual temperature (MAT) and annual 

precipitation (AP) using the best fit regression. The best fit regression between the DNC and 

the MAT was a second order polynomial regression (Figure 3a) and between the DNC and 

AP was a power regression (Figure 3b). This allowed us to find the relationship between the 

climatic variables and the niche centroid existed. To obtain the paleoclimatic values we 

isolated the x variable (MAT and AP) (Table 1). 

For the relationship between the DNC and the MAT, the second order polynomic 

regression has two possible results when variable x (MAT) is isolated. We used the x value 

that involves the negative sign previous to the square root (Table 2), because β1, the shift 

parameter, has this sign inside the formula. The β0 value was not used because it indicates 

the y-intercept of the curve and β2 is the rate of curvature (Mendenhall and Sincich, 2015). 

The paleoclimatic values inferred for the MAT and the AP for each stratigraphic layer were 

compared with the climatic records from 1951 to 2010 in the Oxcutzab weather station 

(smn.cna.gob.mx), Yucatán, the closest weather station to Loltún Cave. 
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Table 1. Relationship between the abundance and the Distance Niche Centroid (DNC) and 
between the DNC with regard to the Mean Annual Temperature (MAT) and Annual 
Precipitation (AP) at present, inside range of Cryptotis mayensis. Relationship between the 
DNC with the abundance, and the MAT and AP with the DNC to estimate the fossil DNC 
and infer the palaeoclimate of Loltun Cave. 

Independent 
variable (x) 

Dependent 
variable (y) 

Regression equation R2 Description 

DNC Abundancia 𝑦 = −0.279 ln(𝑥) + 1.2096 0.1303 Relationship between 
abundance with regard to 
DNC. 

DNC Abundancia 
𝑥 = 𝑒

𝑦−1.2096
−0.279  

- x variable isolated 

MAT DNC 𝑦 = 5.7716𝑥2 − 295.4𝑥 + 3779.7 0.5043 Relationship between the 
DNC with regard to 
MAT. 

MAT DNC 𝑥 =
295.4

2(5.7716)
−√

𝑦

5.7716
+

−295.42−4(5.7716)(3779.7)

4(5.77162)
  - x variable isolated to 

deduce the 
palaeotemperature. 

AP DNC 𝑦 = 2 ∗ 10−20𝑥6.189 0.2101 Relationship between the 
DNC with regard to the 
AP. 

AP DNC 
𝑥 = √

𝑦

2 ∗ 10−20
6.189

 
- x variable isolated to 

deduce the 
palaeoprecipitation. 

 

RESULTS 

DNC and abundance of Cryptotys mayensis today 

The best fit regression between the relative abundance of Cryptotis mayensis and the DNC 

was a logarithmic regression (Figure 2; Table 1). This indicates that today, the highest 

abundance of the species range in the Yucatán Peninsula is in sites closer to its climatic niche 

(Figure 3, 4). 
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Figure 2. Logarithmic regression between the current relative abundance of Cryptotis 

mayensis and the distance niche centroid today. The specie is more abundant closer to the 
niche centroid (0). 

 

 



114 
 

 
Figure 3. Different regressions between the Distance Niche Centroid (DNC) in relation to 
a) the Mean Annual Temperature (MAT); and b) the Annual Precipitation (AP) (b). The 
DNC-abundance ratios are within the MAT and AP values with more cells counts in the 
Cryptotis mayensis distribution. 
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Figure 4. Distance Niche Centroid in the distribuyion range of Cryptotis mayensis. Closest 
values to niche centroid in black and reote values in white. White circles sizes indicate 
relative abundance value of C. mayensis in the sampled sites. White star indicates the 
location of Loltun Cave. 
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DNC and relative fossil abundance 

A total of 88 fossil remains of Cryptotis mayensis were obtained in the different stratigraphic 

layers (I-XII) of Loltún Cave, Yucatán. The greater relative fossil abundance (MNI) is found 

in the first layers (I-IV) which are the closest to the Present; we found little abundance in 

layers V, VII and XII. We did not found fossil remains in layers VI and VIII to XI (Table 3).  

 

Table 3. Number of identified specimens (NISP) and minimum number of individuals 
(MNI) for each stratigraphic layer (I-XIII) in Loltun Cave. 

Layer Age BP Left 

dentaries 
Right 

dentaries 
Skulls NTR MNI 

I - 5 1 5 11 5 
II - 19 18 20 37 20 

III - 7 9 3 16 9 
IV - 8 11 16 19 16 
V - 0 0 1 1 1 

VI - 0 0 0 0 0 
VII 15131 1 2 1 2 2 

VIII - 0 0 0 0 0 
IX - 0 0 0 0 0 

X - 0 0 0 0 0 
XI 32782 0 0 0 0 0 

XII - 1 0 0 1 1 

 

The DNC values in the past, obtained for each stratigraphic layer, are closer to zero (niche 

centroid) when the relative abundance (MNI) is greater (Table 4), as it is observed today. 

 

Paleoclimatic reconstruction 

The paleoclimatic reconstruction (Figure 5, Table 4) for the most ancient layer (XII), which 

is greater than 32782 ± 296 cal year BP, infers a MAT 1.12ºC lower and an AP 596.35 mm 
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higher than today, indicating that the climate was slightly cooler and humid. Anterior to the 

32782 ± 296 cal year BP and posterior to the 15131 ± 289 cal year BP (layers X to VIII) the 

MAT was 4.15ºC lower and the AP was 1945.94 mm greater than the Present, indicating that 

the climate was colder and more humid. Layer VII, with 15131 ± 289 cal year BP, had a 

MAT slightly cooler than today (-0.66ºC) and a lower AP (-159.94 mm), indicating that the 

climate became warmer and drier than layers XII. In layer VI MAT dropped (-1.12ºC) and 

AP increased (596.35 mm) again to similar conditions found in Layer XII. Layer V present 

a MAT 4.14ºC lower to the Present and a large increment in the AP of 3069.94 mm, 

indicating a cold, humid climate, similar to the one found for layer XI-VIII. Most recent 

layers show the greatest abundance of C. mayensis fossil remains, have a slight decrease of 

the MAT (-0.62) and a large decrease of the AP (-1123.97 to -954.34 mm) when compared 

to the Present, indicating that the climate was slightly drier with temperatures similar. 

 

Figure 5. Palaeoclimatic reconstruction of Loltún Cave in each stratigraphic layer. Mean 
Annual Temperature (Solid line) and Annual Precipitation (dotted line). Interstadial before 
to 28400 years BP (XII), 28400 years BP (XI), LGM (X-VIII), Bølling-Allerød (VII-VI), 
Younger Dryas (V), after to Early Holocene (VI-I), Oxcutzcab metereological station 
nearest to Loltún Cave. 
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Table 4. Fossil relative abundance, calculated from minimum number of individuals (MNI) 
and the distance niche centroid (DNC), palaeoclimatic reconstruction to each stratigraphic 
layer (I-XIII) from Loltún Cave, and contrast with current weather conditions. MAT, Mean 
Annual Temperature; AP, Annual Precipitation. Interstadial conditions before 32782 ± 296 

cal year BP (XII), 32782 ± 296 cal year BP (XI), LGM (X-VIII), Bølling-Allerød (VII-VI), 
Younger Dryas (V), after Early Holocene (VI-I). 

Layer Age 
(BP) 

MNI DNC MAT 
(°C) 

Contrastwi
th the 
present 
(°C) 

AP 
(mm) 

Contrastwi
th the 
present 
(mm) 

Loltún Recent - - 26.1 0 1124 0 
I - 5 1.26*10-06 25.48 -0.62 169.66 -954.34 

II - 20 5.63*10-30 25.48 -0.62 0.03 -1123.97 
III - 9 7.47*10-13 25.48 -0.62 16.73 -1107.27 
IV - 16 9.49*10-24 25.48 -0.62 0.29 -1123.71 

V - 0 76.36 21.95 -4.15 3069.94 1945.94 

VI - 1 2.12 24.98 -1.12 1720.35 596.35 

VII 15131 2 0.06 25.45 -0.66 964.06 -159.94 

VIII - 0 76.36 21.95 -4.15 3069.94 1945.94 

IX - 0 76.36 21.95 -4.15 3069.94 1945.94 

X - 0 76.36 21.95 -4.15 3069.94 1945.94 

XI 32782 0 76.36 21.95 -4.15 3069.94 1945.94 

XII - 1 2.12 24.98 -1.12 1720.35 596.35 

 

DISCUSSION 

DNC and relative fossil abundance 

The relationship between the current abundance and the distance niche centroid found for 

Cryptotis mayensis, has also been described for several species of birds, mice, carnivorous 

animals, monkeys, deers and turtles (Martínez-Meyer et al., 2013; Yañez-Arenas et al., 2014; 

Manthey et al., 2015; Ureña-Aranda et al., 2015). The best fit equation turned out to be 

efficient for calculating the DNC of the fossil abundance because, as it is stated in theory, a 

greater MNI indicated values closer to zero (Yañez-Arenas et al., 2012; Martínez-Meyer et 

al., 2013). 
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Paleoclimatic reconstruction 

Insight of paleoclimatic reconstruction across the stratigraphical layers of Loltún Cave was 

possible by using the DNC approach of Yañez-Arenas et al. (2012, 2014) y Martínez-Meyer 

et al. (2013). Layer XII, the oldest layer before the Last Glacial Maximum (LGM) (>32782 

± 296 cal year BP), indicate a colder and more humid climate than today with a MAT 1.12ºC 

lower and an AP of 596.35 mm higher than the Present, indicating a colder and more humid 

climate (Figure 5, Table 4). These results suggest that layer XII represents an interstadial 

period, where the climate is warmer and less humid than in the LGM (Correa-Metrio et al., 

2012a, 2012b; Escobar et al., 2012; Grauel et al., 2016). 

Even though we understand that estimations of climate conditions with this method may be 

flaw when abundance values are cero, we found that cero does have a climatic meaning when 

comparing to local climate evolution. For layers X to VIII and layer V we did not found any 

remain of Cryptotis mayensis. The absence of this species, locally would mean an estimated 

temperature of 21.95 °C and a AP of 3069.94 mm, this is 4.15 °C less than today but an AP 

of 1945.94 mm more than today (Figure 5, Table 4). 

For layers X-VIII, between 32782 and 15131 yr BP, the MAT was 4.15ºC lower than the 

Present and the AP had the greatest increment (1945.94 mm) compared to the Present (Figure 

5, Table 4). This results are consistent with the studies for the LGM, which comprises 

between the 25.6 ka yr BP to the 19 ka yr BP in Titicaca Lake with fossil pollen, isotopes 

and diatoms (Baker et al., 2001) and in Petén Itzá Lake in Guatemala (Hodell et al., 2008; 

Bush et al., 2009; Correa-Metrio et al., 2012a, 2012b, 2013; Escobar et al., 2012; Grauel et 

al., 2016) and Lake Chichancanab in México (Hodell et al., 2012). The MAT during the 

LGM in these lakes is about 3 to 5ºC colder than the present (Bush et al., 2009; Correa-



120 
 

Metrio et al., 2012a, 2013). For Lake Titicaca, the precipitation during the LGM shows a 

great accumulation of water, indicating an increment of the AP (Baker et al., 2001); for Lake 

Peten Itza all records show, for the LGM, the presence of mesic forest and a more humid 

climate (Baker et al., 2001; Hodell et al., 2008; Bush et al., 2009; Correa-Metrio et al., 2012a, 

2012b; Escobar et al., 2012), being consistet with our data for layers X-VIII. 

Layer VII (15131 ± 289 cal year BP) was estimated to be 25.45 °C, this is 0.66 °C less than 

today and AP was 964 mm, 159.94 mm less than today. In layer VI mAP decreased even 

more to 24.98 °C, 1.12 °C less than today, but AP increased to 1720.35 mm, 596.35 mm 

more than today (Figure 5, Table 4). Ours results are consistent with the Bølling-Allerød 

(14700-12800 yr cal BP) which, posterior to the LGM, presents warmer climatic conditions 

(Baker et al., 2001; Bush et al., 2009; Correa-Metrio et al., 2012a; Escobar et al., 2012; 

Hodell et al., 2012) and according to Correa-Metrio et al. (2012a), the temperature was 3ºC 

greater than the LMG as observed in this study. Hodell et al. (2008) y Escobar et al. (2012) 

indicated that during the Bølling-Allerød the climatic conditions were humid, while Baker et 

al. (2001), Bush et al. (2009) and Correa-Metrio et al. (2012a) infer dry conditions. This 

disagreement was caused by intense climatic oscillation during the Bølling-Allerød (Bush et 

al., 2009). This explain why in the DNC we obtain more humid values for lauer VII (15131 

yr BP) and dryer values for layer VI compated to today; although MAT values were similar.  

Similar to what happened in layers VIII-X that belong to the LGM (Figure 5, Table 4), in 

layer V the MAT has a decrement of 4.15ºC when compared to the present and the AP has 

an increment of 1945.94 mm. These conditions, that are similar to the LGM and posterior to 

the Bølling-Allerød, place layers VIII-X in the Younger Dryas (13100-10400 yr BP) which 

is a cold (Baker et al., 2001; Correa-Metrio et al., 2012a) and humid or dry period (Baketr et 
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al., 2001; Correa-Metrio et al., 2012a; Escobar et al., 2012; Hodell et al., 2008; 2012). As it 

is reported for Lake Titicaca (Baketr et al., 2001) and Lake Petén Itzá (Correa-Metrio et al., 

2012a; Escobar et al., 2012), our results shows that there was a decrement in the MAT and 

an increment in the AP.  

For the most recent layers (IV-I), MAT was estimated in 25.48 °C, this is 0.62ºC less than 

today and AP in 0.29 to 169.66, 1123.71 to 954.34 mm less than today (Figure 5, Table 4) 

indicating that the period for this layers is the Holocene. From the 10400 yr BP the MAT was 

similar to the Present (Correa-Metrio et al., 2012a; Hodell et al., 2012), but the climatic 

conditions were drier after the Early Holocene (10500-8000 yr BP) (Baker et al., 2001; Bush 

et al., 2009; Correa-Metrio et al., 2012b; Escobar et al., 2012). Our models suggest that 

climatic conditions of layers IV to I possibly correspond to those posterior to 8000 yr BP. 

The assignment to time period of a layer by paleoclimatic values has been done previously 

by Smith and Polly (2013) with mammals in Indiana. 

DNC and paleoclimatic reconstructions 

Small vertebrates like small mammals, amphibians and reptiles are an efficient paleoclimatic 

proxy when studying communities (Montuire et al., 1997, 2006; Böhme 2003, 2004, 2008, 

2010; Hernández-Fernández and Peláez-Campomanes, 2005; Legendre et al., 2005; Blain et 

al., 2007, 2009, 2010, 2011, 2012, 2013, 2014, 2015; Polly and Eronen, 2011; Escude et al., 

2013; Holden et al., 2013; Smith and Polly, 2013) or their physiological requirements 

(Markwick 1994, 1998; Fortelius et al., 2002, 2006; Eronen et al., 2010b, 2011; Head et al., 

2009, 2013). This study shows that species abundance is a good proxy to infer paleoclimatic 

reconstructions because the demographic characteristics are the first to be affected during 

events of climate change (Davies et al., 1998; Buckley, 2013; HilleRisLambers et al., 2013). 
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The abundance of a species is favoured as long as the climatic conditions are optimal for its 

development. When these conditions change, the abundance is affected, diminishing it, and 

if non optimal conditions persist, the species may be driven to extinction (Heino, 2005; 

VanDerWal et al., 2009; Ureña-Aranda et al., 2015; Bradley, 2016). Using recent records of 

species abundant records we can calculate the relationship between the abundance and the 

Distnace Niche Centroid allowing us to use the ecological space of a species and the relative 

fossil abundance in a locality to reconstruct past climates.  

 

CONCLUSIONS 

The abundance of small vertebrate species, as is in Cryptotis mayensis, is greater near to the 

climatic niche centroid. Based on the distance niche centroid theory, small vertebrates 

abundance can be used as a proxy for paleoclimatic reconstructions when current and fossil 

abundance records are available.  

In Loltún Cave, the oldest layer (layer XII) represent an interstadial before the LGM. During 

the LGM (layers X-VIII) the temperature was 4.15 ºC colder and the precipitation was 

1945.94 mm higher when compared to today, agreeing with reports using other proxies. 

Layers VII-VI corresponded to the Bølling-Allerød which MAT was 3 ºC higher when 

compared to the LGM and a variable precipitation along the period. Layer V corresponded 

to the Younger Dryas with cold and humid climates similar to the LGM. Layers IV-I 

correspond to a period after the Early Holocene with a MAT similar to the present and a dry 

period.  
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Special care needs to be taken when the abundance of a species is cero, in paleontological 

localities, since absence forbids any reconstruction. We believe, however, fossil abundance 

equal cero may have a paleoecological interpretation with the methodology described above, 

if treated in a local o regional scale. 
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DISCUSIÓN GENERAL 

 

La Gruta de Loltún (Capítulo I), localizada en la Península de Yucatán, en los estratos XII-

XIV con una edad anterior a los 32782 ± 296 cal años AP, muestra una comunidad de anfibios 

y reptiles pleistocénicos similar a lo encontrado actualmente en la Península de Yucatán, con 

excepción de Ctenosaura, subgenus Loganiosaura (Cruz et al., 2016), que se encuentra 

actualmente en los bosques tropicales de montaña y el bosque tropical lluvioso (Kölher, 

2003). Indicando un cambio de distribución de por lo menos 446.4 km al norte de su 

distribución actual, entre las fases de isótopos marinos (marine isotope stage, MIS) 3 y el 

MIS 2 (Cruz et al., 2016). Esto indicaría cierta concordancia con la hipótesis de estabilidad 

herpetofaunística durante el Cuaternario, que menciona que durante el Cuaternario en Norte 

América existió poca extinción o extirpación, así como poca aparición de nuevas especies y 

pocos cambios en la distribución de los anfibios y reptiles fósiles con respecto al presente 

(Holman, 1995). 

La Cueva de San Josecito en Nuevo León (Capítulo II), con una edad de 32672 ± 1035 cal 

años AP, indica el cambio de distribución de dos especies de lagartijas y una especie de 

serpiente. Los datos de la Cueva de San Josecito contradicen la hipótesis de estabilidad 

herpetofaunística de Holman (1995), contrario a lo observado en la Gruta de Loltún, Yucatán 

(Capítulo I). Esta hipótesis ya ha sido criticada anteriormente, mostrando cambios 

importantes en la distribución de anfibios y reptiles durante Cuaternario, comparados con el 

presente (Blain et al., 2015); y ofreciendo soluciones de cómo identificar restos de anfibios 

y reptiles del Cuaternario, para no caer en una circularidad biogeográfica (identificar material 
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fósil con material de comparación de las zonas cercanas al sitio fósil únicamente), que 

permita eliminar una estabilidad no existente (Bell et al., 2010). 

Los resultados obtenidos en el capítulo I y II pueden verse afectados por comparar el Presente 

con un momento en el pasado, por lo que es recomendable estudiar cambios de las 

comunidades a través del tiempo, en varios momentos entre el pasado y el presente, para 

entender los procesos de respuesta de los organismos que conforman una comunidad 

(Magurran et al., 2010; Rull, 2014; Jackson y Blois, 2015; Shimadzu et al, 2015; Nuvoloni 

et al., 2016), como en los capítulos III y IV. Esto se plantea en el presente trabajo con la 

herpetofauna fósil del Desierto Sonorense (Capítulo III), observando un cambio de la 

estructura de la comunidad de anfibios y reptiles a través del tiempo, con dos anuros, una 

lagartija, tres serpientes y dos tortugas que no se encuentran actualmente en la zona, pero en 

el pasado estaban presentes. Esto contradice la hipótesis de estabilidad herpetológica en el 

Cuaternario, discutida anteriormente, lo cual seguramente sucedería en la Gruta de Loltún, si 

se estudiaran las comunidades de anfibios y reptiles a través de varios periodos de tiempo, 

como se ha observado para mamíferos y moluscos (Álvarez y Polaco, 1982) y murciélagos 

(Arroyo-Cabrles y Álvarez, 1990) del sitio. La comunidad de anfibios y reptiles en el 

Desierto Sonorense durante el Cuaternario respondió a los cambios ambientales y climáticos 

con diferente intensidad, muy similar a lo observado con los mamíferos pequeños durante el 

Cuaternario en California (Blois et al., 2010). 

La estructura de las comunidades de anfibios y reptiles responde a ambos factores, estructura 

de la vegetación (ambiental) y el clima, sin embargo dilucidar cual es la importancia de cada 

uno es complicado. El estudio de la herpetofauna del Cuaternario en el Desierto Sonorense 

(Capítulo III) infiere que el cambio en la estructura de la vegetación es más importante. El 
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estudio de los anfibios y reptiles Pleistocénicos en la Gruta de Loltún (Capítulo I), parece 

inferir que la estructura de la vegetación también es el más importante, pero no queda muy 

claro. En cambio, la Cueva de San Josecito (Capítulo II) infiere que tanto la estructura de la 

vegetación como el cambio climático fueron los causantes de los cambios en la composición 

herpetofaunística del Pleistoceno. Actualmente, no se sabe cuál de los dos factores influye 

más en la estructura de las comunidades de vertebrados pequeños, algunos estudios apuntan 

al clima como el principal factor (Blois y Hadly, 2009; Blois et al., 2010; Blain et al., 2015; 

Kemp y Hadly, 2016; Royer et al., 2016) y otros a la estructura de la vegetación (Stegner y 

Holmes, 2013; Rowe y Terry, 2014; Bochaton et al., 2015; Stegner, 2016). De tal manera 

que queda aún la pregunta sobre cuál es el factor principal que afecta la estructura de las 

comunidades de anfibios y reptiles o si la intensidad de uno u otro factor se comporta 

diferente a nivel espacial. 

La respuesta de los anfibios y reptiles, así como mamíferos pequeños, a cambios climáticos 

y/o ambientales a través del tiempo, los hace excelentes indicadores paleoambientales y 

paleoclimáticos (Brattstrom, 1956; Kay y Maden, 1996; Avery, 2001; Böhme, 2002; 

Hernández-Fernández y Peláez-Campomanes, 2005; Blain et al., 2007, 2008, 2009; Vieites 

et al., 2009). Los restos fósiles de anfibios y reptiles de la Gruta de Loltún (Capítulo I) y la 

Cueva de San Josecito (Capítulo II) tienen una antigüedad similar, muestran disparidad en 

los cambios ocurridos entre la herpetofauna pleistocénica y actual. Sin embargo, ambos 

coinciden en que en el Pleistoceno existió una estructura de la vegetación en mosaico, 

contraria a la vegetación en franjas encontrada actualmente, lo cual se muestra claramente 

con lo encontrado en el Desierto Sonorense (Capítulo III). Estos cambios en la estructura de 

vegetación tan marcados entre el Pleistoceno y el Holoceno, se pudieron deber a la extinción 
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de la megafauna, al clima o ambos (Guthrie, 1984; Johnson, 2009a, 2009b; Gill et al., 2009, 

2012, 2014; Faith, 2011), permitiendo la presencia de comunidades no análogas a la 

estructura vegetal, durante el Pleistoceno. Tal como se había predicho con análisis de polen 

anteriormente (Gill et al., 2009, 2012, 2014; Correa- Metrio et al., 2011, 2012a, 2012b, 

2013), se puedieron encontrar diferentes comunidades de fauna actual en el pasado, reunidas 

en un mismo sitio (Guthrie, 1984). Los cambios en la estructura de la vegetación y de las 

comunidades de microvertebrados, formando comunidades no análogas en el pasado con 

respecto al presente, pueden permitir evaluar y predecir futuros cambios de la biota ante 

efectos de cambio climático y destrucción del hábitat (Veloz et al., 2012; Williams et al., 

2013; Rowe y Terry, 2014; Jackson y Blois, 2015; Maguire et al., 2015), utilizando a la 

paleontología como una herramienta para la conservación en el presente y hacia el futuro 

(Birks, 2012; Louys, 2012; Stegner y Holmes 2013; Dietl et al., 2015; Dietl, 2016; Kemp y 

Hadly, 2016). 

La respuesta de los microvertebrados (anfibios, reptiles y mamíferos pequeños) a los cambios 

climáticos en el pasado y en el presente, permiten utilizar la distribución actual de los 

representantes fósiles como proxy para reconstruir paleoclimas (Blain et al., 2009; Lobo et 

al., 2016; Lyman, 2016). En la Gruta de Loltún (Capítulo I) los anfibios y reptiles infieren 

un paleoclima para la edad de 32782 ± 296 cal años AP con una temperatura promedio anual 

(TPA) 1.47 °C menor y precipitación anual (PA) 85.14 mm de precipitación mayor a la 

actual, concordando claramente con el registro polínico para la zona de una TPA 1.5 °C 

menos que el presente y una precipitación menor al Último Máximo Glacial para la zona 

(Correa-Metrio et al., 2012a, 2012b, Escobar et al., 2012; Grauel et al., 2016). 
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En la Cueva de San Josecito los reptiles infieren para el Pleistoceno tardío (32672 ± 1035 cal 

años AP) una TPA de 1 °C menor y una PA de 467 mm mayor a la actual. Los reptiles indican 

que la precipitación es mayor durante el Pleistoceno tardío con respecto a la actual, esto 

también se ve reflejado en los trabajos de paleoprecipitación en el norte de México (Roy et 

al., 2013) concordando con nuestros datos. El problema se encuentra en la inferencia de la 

TPA para esta época en la Cueva de San Josecito, aunque los dos indican la presencia de un 

interestadial para la zona, concordando con los registros de Groenlandia (Rahmstorf, 2002; 

Ahn y Brook, 2013) y sedimentos marinos (Rashid y Boyle, 2007; Alvarez-Solas et al., 2010; 

Lynch-Stieglitz et al., 2014), así como con la Gruta de Loltún en Yucatán (Capítulo I), los 

valores de la temperatura no concuerdan con los 5-6 °C menos que lo actual para la zona 

(Metcalfe, 2006). Sin embargo, Cruz (2012) utilizando la distribución de anfibios y reptiles 

juntos, para la misma edad en la Cueva de San Josecito, encontró que los valores de TPA 

5.97°C son menores a los actuales y una precipitación 95.96 mm mayor a la actual, 

concordando perfectamente para lo que se conoce con otros proxies en el norte de México 

(Metcalfe, 2006; Roy et al., 2013). Esto sugiere que se utilicen los anfibios y reptiles juntos 

para inferir paleoclimas por medio del intervalo climático mutuo, y que presentan mejores 

resultados que si se analizan los grupos por separado. 

La reconstrucción paleoclimática para el Desierto Sonorense utilizando anfibios y reptiles, 

por medio del método de intervalo climático mutuo dio buenos resultados a lo largo de los 

diferentes periodos de tiempo (Capítulo III). Siendo congruente con lo que se ha encontrado 

con otros proxies como polen fósil (McAuliffe y Van Devender, 1998; Metcalfe, 2006; 

Barron et al., 2012), espeleotemas (Antiano y McDonald, 2013), superficie de la temperatura 

del océano (Barron et al., 2012), registros geoquímicos (Roy et al., 2012, 2013, 2014; Kirby 
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et al., 2013), foraminíferos (Poore et al., 2005). Esto hace que el método de intervalo 

climático mutuo utilizando vertebrados pequeños sea bueno para determinar paleoclimas 

(e.g. Blain et al., 2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016; López-García et al., 2011, 

2013, 2014, 2015, 2016), aunque se deben tomar precauciones a la hora de realizarlo (Lobo 

et al., 2016) y conocer bien las bases del método (Lyman 2016).  

Finalmente, proponemos un método alternativo para reconstruir paleoclimas con vertebrados 

utilizando la relación de abundancia con el centroide del nicho climático (Capítulo IV). En 

caso de no tener un sitio con buena representación fósil a nivel comunidad, se puede utilizar 

la abundancia de un taxón, ya que las características demográficas son las primeras en verse 

afectadas durante eventos de cambios ambientales y climáticos (Davis et al., 1998; Blois y 

Hadly, 2009; Buckley, 2013; HilleRisLambers et al., 2013). Parte fundamental de este 

método es conocer cómo se comportan las poblaciones de un taxón a lo largo de la 

distribución actual, lo cual también es una desventaja, porque en México se conoce muy poco 

de ecología de poblaciones para anfibios y reptiles (e.g. Yañez-Arenas et al., 2014, 2016; 

Ureña-Aranda et al., 2015), así como de los vertebrados pequeños. Sin embargo, si se cuentan 

o se realizan los trabajos de demografía, se puede utilizar el método de centroide de nicho 

climático, para conocer la relación entre el clima y la demografía de una especie (Martínez-

Meyer et al., 2013; VanDerWal et al., 2009; Ureña-Aranda et al., 2015; Bradley 2016; Searcy 

y Shaffer, 2016; Weber et al., 2016) y así poder utilizar el método para reconstruir el 

paleoclima, como se realizó para la Gruta de Loltún, en Yucatán (Capítulo IV). La TPA 

inferida, para la capa XII con más de 32782 ± 296 cal años AP, es de 1.12 °C, muy similar a 

lo encontrado con el método de intervalo climático mutuo utilizando herpetofauna (1.5 °C), 

lo cual concuerda también con los datos que se tienen con otros proxies como el polen fósil 
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para la zona (Correa-Metrio et al., 2012a, 2012b, Escobar et al., 2012; Grauel et al., 2016). 

Con el método de abundancias y centroide de nicho se pudo inferir el paleoclima de diferentes 

estratos, mostrando concordancia en la reconstrucción paleoclimática con otros proxies como 

registros polínicos (Hodell et al., 2008, 2012; Bush et al., 2009; Correa-Metrio et al., 2012a, 

2012b, 2013; Escobar et al., 2012; Grauel et al., 2016), diatomeas e isótopos (Baker et al., 

2001), de diferentes sedimentos lacustres. Se recomienda explorar este método para otros 

sitios y otros grupos de organismos en la reconstrucción paleoclimática. 

 

CONCLUSIONES GENERALES 

Comparando las comunidades de anfibios y reptiles durante el Pleistoceno y el Holoceno, de 

diferentes sitios de México, se encontró que existen cambios en la distribución de las especies 

comparándolas con el Presente, demostrando que la hipótesis de estabilidad herpetológica 

durante el Cuaternario no es aplicable en el país o debe tomarse con mucho cautela. 

La respuesta de las comunidades de anfibios y reptiles, a través del tiempo, responde a los 

cambios en la estructura de la vegetación y a los cambios climáticos. 

Los anfibios y reptiles, así como otros vertebrados pequeños, son buenos proxies 

paleoambientales y paleoclimáticos, para reconstruir condiciones ambientales y climáticas 

del pasado. 
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