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Estructura formal y unidad tematica

Esta tesis esta compuesta por diez capitulos principales y cuatro apéndices. El primer
capitulo corresponde a la introduccién general de la tesis. Los Capitulos 2 a 8 son manuscritos
de trabajos cientificos; cuatro de estos manuscritos estan publicados en revistas cientificas
indexadas (SCI); los tres restantes se encuentran en preparacion y seran enviados en los
proximos meses. Los Capitulos 9 y 10 corresponden a la discusion y las conclusiones generales
de la tesis, respectivamente. Por ultimo, en los Apéndices 1 a 4 se adjuntan los articulos
publicados en las siguientes revistas cientificas: Journal of Mammalian Evolution (Anexo 1)
Comptes Rendus Palevol (Anexo 2y 3) y Quaternary International (Anexo 4). Los capitulos
correspondientes a articulos ya publicados se encuentran escritos en el idioma de publicacion
de los mismos (inglés). Los restantes capitulos estan escritos en espafiol. Se trata de una tesis
de mencidn internacional, por lo que el resumen de cada capitulo, asi como los pies de figuras
y tablas, se encuentran escritos en ambos idiomas.

Capitulo 1. Introduccion

En este capitulo se realiza una introduccion general a la tematica de la tesis, escrito en
espanol. Se describen brevemente las principales caracteristicas de los quirépteros o
murciélagos como forma bioldgica, su historia evolutiva y las relaciones filogenéticas entre el
orden Chiroptera y el resto de los mamiferos placentados, y entre las distintas familias que
conforman este orden en la actualidad. Se presentan unos breves antecedentes del registro
fosil de quirépteros en la peninsula ibérica. Se especifican los objetivos de la tesis. Se describe
la metodologia general empleada en los posteriores capitulos.

PARTE 1. Biometria de poblaciones actuales de Myotis myotis y Moytis blythii
Capitulo 2. Biometria craneal del complejo Myotis myotis/Myotis blythii en la
peninsula ibérica: nuevos data para el estudio del registro f6sil

Este capitulo corresponde al manuscrito del articulo cientifico publicado en la revista
Journal of Mammalian Evolution y esta escrito en inglés. En él se presentan los resultados del
estudio biométrico del esqueleto craneal de una muestra de poblaciones actuales ibéricas del
complejo de especies ctipticas Myotis myotis/ Myotis blythii, y se discute la aplicabilidad de los
datos obtenidos como herramienta para la identificacion de material fosil fragmentario
perteneciente a este complejo de especies.

PARTE 2. Los yacimientos de la Sierra de Atapuerca
Capitulo 3. Los murciélagos fosiles del Pleistoceno Inferior de la Unidad Inferior Roja
de Sima del Elefante (Atapuerca, Espafa)

Este capitulo corresponde al manuscrito de uno de los articulos cientificos publicados
en la revista Comptes Rendus Palevol y esta escrito en inglés. En ¢él se identifican los restos fosiles
pertenecientes al orden Chiroptera de Unidad Inferior Roja (TELRU) del yacimiento de la
Sima del Elefante. Se realiza una aproximacién paleoambiental empleando los quirépteros
como indicador indirecto y se comparan los resultados con los obtenidos mediante el empleo
de otros proxis.

Capitulo 4. Los quir6pteros del Pleistoceno Inferior y Medio de la secuencia de la
Gran Dolina

Este capitulo corresponde a uno de los manuscritos no publicados y esta escrito en
espafol. En ¢l se identifican los restos fosiles pertenecientes al orden Chiroptera del
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yacimiento de la Gran Dolina. Se realiza una aproximacién paleoclimatica y paleoambiental
empleando los quirépteros como indicador indirecto y se comparan los resultados con los
obtenidos mediante el empleo de otros proxis. Se discute la influencia del uso antrépico de la
cavidad en la asociacion de quirépteros coetaneos a lo largo del registro del Pleistoceno
Inferior y Medio.

Capitulo 5. Estudio preliminar de los quirépteros del Pleistoceno Medio de la Sima de
los Huesos y el nivel GIIIa de Trinchera Galeria (Complejo Galeria-Zarpazos)

Este capitulo corresponde a uno de los manuscritos no publicados y esta escrito en
espanol. En ¢l se identifican los restos fosiles pertenecientes al orden Chiroptera de los
yacimientos de la Sima de los Huesos y Trinchera Galerfa. Se realiza una aproximacion
paleoclimatica y paleoambiental empleando los quirdpteros como indicador indirecto y se
comparan los resultados con los obtenidos mediante el empleo de otros proxis. Se discute la
influencia del uso antrépico de ambas cavidades en la asociacion de quirdpteros coetaneos a lo
largo del registro del Pleistoceno Medio.

PARTE 3. Los yacimientos de Aragdn
Capitulo 6. Los murci¢lagos fésiles del Pleistoceno Superior del yacimiento de la
Cueva Aguilén P7 (Zaragoza, Espana)

Este capitulo corresponde al manuscrito de uno de los articulos cientificos publicados
en la revista Comptes Rendus Palevol y esta escrito en inglés. En €l se identifican los restos fosiles
pertenecientes al orden Chiroptera del yacimiento Aguilén P7. Se realiza una aproximacion
paleoambiental empleando los quirépteros como indicador indirecto y se comparan los
resultados con los obtenidos mediante el empleo de otros proxis.

Capitulo 7. Los Batanes (Biescas, Espafa), un refugio para los murcié¢lagos de
herradura en los Pirineos durante el Pleistoceno final

Este capitulo corresponde al manuscrito del articulo cientifico publicado en la revista
Quaternary International y esta escrito en inglés. En él se identifican los restos fosiles
pertenecientes al orden Chiroptera del yacimiento de los Batanes. Se realiza una aproximacion
paleoambiental empleando los quirépteros como indicador indirecto y se discute la influencia
de las fluctuaciones climaticas del Pleistoceno final sobre las poblaciones de quirépteros que
habitaban la zona del Prepirineo aragonés.

Capitulo 8. Nuevos hallazgos de restos de quirdpteros fosiles y subfosiles en las sierras
interiores del Pirineo aragonés

Este capitulo corresponde a uno de los manuscritos no publicados y esta escrito en
espanol. En él se identifican los restos fosiles pertenecientes al orden Chiroptera recuperados
en varias cuevas de alta montafia en los Pirineos de Aragén. Se compara la composicion
especifica de las asociaciones fosiles recuperadas en el relleno sedimentario de tres de esas
cuevas (cueva B-9, B-8 y D-2, Holoceno) con la de los especimenes subactuales o actuales
recuperados en superficie y se discuten las implicaciones paleoambientales.

PARTE 4. Discusion y conclusiones
Capitulo 9. Discusién general

En este capitulo, escrito en espafiol, se discuten cuatro aspectos fundamentales de las
aportaciones de esta tesis y se plantean futuras vias de investigacion para cada uno de ellos.
Primero, las nuevas aportaciones al conocimiento global del registro de quirdpteros en el
Cuaternario de la mitad norte de la peninsula ibérica. Segundo, el caso particular del complejo
de especies Myotis myotis/ Myotis blythii en el registro ibérico del Pleistoceno. Tercero, el uso de
los quirépteros como indicadores paleoclimaticos y paleoambientales indirectos y su
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aplicabilidad. Cuarto, las evidencias en el registro fosil de la influencia de los hominidos del
pasado en las poblaciones de quirépteros coetaneas.

Capitulo 10. Conclusiones y perspectivas de futuro

En este capitulo, escrito en espafiol e inglés, se hace un compendio de las principales
conclusiones de esta tesis, y se proponen futuras lineas de investigacion relacionadas con ellas.

Anexo 1.
Articulo publicado en Journal of Mammalian Evolution, 2018, 1-12.

Anexo 2.
Articulo publicado en Comptes Rendus Palevol, 2016, 15(6), 647-657.

Anexo 3.
Articulo publicado en Comptes Rendus Palevol, 2016, 5(5), 501-514.

Anexo 4.
Articulo publicado en Quaternary International, 2018, 481, 135-145.
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Formal structure and thematic unit

This PhD dissertation is composed of ten main chapters and four appendices. The
first chapter corresponds to the general introduction to the thesis. Chapters 2 to 8 are
manuscripts of scientific works; four of these manuscripts are already published in indexed
scientific journals (SCI), the remaining three are in preparation and will be submitted in the
next few months. Chapters 9 and 10 correspond to the discussion and the general conclusions
to the thesis, respectively. Finally, Appendices 1 to 4 include the papers published in the
following scientific journals: Journal of Mammalian Evolution (Appendix 1) Comptes Rendus Palevol
(Appendix 2 and 3), and Quaternary International (Appendix 4). The chapters corresponding to
articles already published are written in the language of these publications (English). The
remaining chapters are written in Spanish. The summary of each chapter, as well as the figures
and tables captions, are written in both English and Spanish.

Chapter 1. Introduction

In this chapter a general introduction is made to the topic of the thesis. It is written in
Spanish. The main characteristics of bats as biological form are briefly described, as well as
their evolutionary history and the phylogenetic relationships between the order Chiroptera and
the remaining placental mammals, and between the different families that make up this order
today. A brief background on the Iberian bat fossil record is presented. The objectives of the
thesis are specified. The general methodology used in the later chapters is described.

PART 1. Biometry of current populations of Myotis myotis and Moytis blythii
Chapter 2. Cranial biometrics of the Iberian Myotis myotis/Myotis blythii complex:
new data for studying the fossil record

This chapter corresponds to the manuscript of the scientific article published in the
Journal of Mammalian Evolution and is written in English. Here it is presented the results of a
biometric study of the cranial skeleton of the complex of cryptic species Myotis tis myotis/ Myotis
blythii, performed ona sample of current Iberian populations. It discusses the applicability of
the data obtained as tools for the identification of fragmentary fossil remains belonging to this
species complex.

PART 2. The deposits of the Sierra de Atapuerca

Chapter 3. The fossil bat assemblage of Sima del Elefante Lower Red Unit (Atapuerca,
Spain): first results and contribution to the palaeoenvironmental approach to the site

This chapter corresponds to the manuscript of one of the scientific articles published
in the journal Comptes Rendus Palevol and is written in English. The bat fossil remains recovered
from the Lower Red Unit (TELRU) of the Sima del Elefante site are identified. A
palacoenvironmental approach is carried out using the fossil bat associations as indirect
indicators and the results are compared with those obtained by other proxies.

Chapter 4. Lower and Middle Pleistocene chiropters from the Gran Dolina

This chapter corresponds to one of the unpublished manuscripts and is written in
Spanish. The bat fossil remains recovered from the Gran Dolina site are identified. A
paleaoclimatic and palacoenvironmental approach is carried out using the fossil bat
associations as indirect indicators and the results are compared with those obtained by other
proxies. The influence of the anthropic use of the cavity on the contemporaneous bats
associations roosting there and evidenced throughout the Lower and Middle Pleistocene
record is discussed.
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Chapter 5. Preliminary study of the Chiroptera of the Middle Pleistocene of the Sima
de los Huesos and the level GIIIa of Trinchera Galeria (Complejo Galeria-Zarpazos)

This chapter corresponds to one of the unpublished manuscripts and is written in
Spanish. The bat fossil remains recovered fromSima de los Huesos and Trinchera Galerfa sites
are identified. A paleacoclimatic and palacoenvironmental approach is carried out using the
fossil bat associations as indirect indicators and the results are compared with those obtained
by other proxies. The influence of the anthropic use of both cavities on the bat populations
roosting there andevidenced throughout the Middle Pleistocene record is discussed.

PART 3. The deposits of Aragon

Chapter 6. Fossil bats from the Late Pleistocene site of the Aguilon P7 Cave
(Zaragoza, Spain)

This chapter corresponds to the manuscript of the other scientific article published in
the journal Comptes Rendus Palevo/ and is written in English. The bat fossil remains recovered
from the Aguilén P7 site are identified. A paleoenvironmental approach is carried out using
the bats associations as indirect indicators and the results are compared with those obtained
by other proxies.

Chapter 7. Los Batanes (Biescas, Spain), a roost site for horseshoe bats in the
Pyrenees during the late Pleistocene

This chapter corresponds to the manuscript of the scientific article published in the
journal Quaternary International and is written in English. The bat fossil remains recovered from
Los Batanes site are identified. A paleoenvironmental approach is carried out using the bats
associations as indirect indicators. The influence of climatic fluctuations at the ending Late
Pleistocene on the populations of bats inhabiting the area of the Aragonese pre-Pyrenees is
discussed.

Chapter 8. New findings of fossil and subfossil bat remains in the Internal Spanish,
Aragonese Pyrenees

This chapter corresponds to one of the unpublished manuscripts and is written in
Spanish. The bat skeletal remains recovered in several high-mountain cave-localities in the
Aragonese Pyrenees are identified. The specific composition of the fossil associations
recovered in the sedimentary fill of three of these caves (cave B-9, B-8 and D-2, Holocene) is
compared with that of the subactual or extant specimens recovered from the surfacesof the
caves and the paleoenvironmental implications are discussed.

PART 4. Discussion and conclusions
Chapter 9. General discussion

In this chapter, written in Spanish, four main aspects of this thesis contributions are
discussed, and future research paths are proposed for each one. First, the new contributions to
the global knowledge of the Quaternary bat fossil record in the northern half of the Iberian
Peninsula. Second, the case of the Myotis myotis/ Myotis blythii species complex in the Iberian
Pleistocene record. Third, the use and suitability of fossil bats as palacoclimatic and
palacoenvironmental indirect indicators. Fourth, the evidence in the fossil record of the
influence of hominids on populations of contemporary chiroptera in the past.

Chapter 10. General conclusions and future perspectives
In this chapter, written in English, the main conclusions of this thesis are summarized.

Annex 1.
Scientific paper published on the Journal of Mammalian Evolution, 2018, 1-12.
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Annex 2.
Scientific paper published on the journal Comptes Rendus Palevol, 2016, 15(6), 647-657.

Annex 3.
Scientific paper published on the journal Comptes Rendus Palevol, 2016, 5(5), 501-514.

Annex 4.
Scientific paper published on the journal Quaternary International, 2018, 481, 135-145.
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Introduccion

Introduction

Los quirépteros o murciélagos (orden Chiroptera, Mammalia) son los tGnicos mamiferos adaptados al
vuelo activo. Con frecuencia aparecen representados en las asociaciones fésiles de pequefios vertebrados,
especialmente en yacimientos formados en el interior de cavidades karsticas, por lo que su estudio desde
un punto de vista paleontolégico reporta gran interés. El estudio de los quirépteros fésiles aporta datos de
importancia referidos a la paleogeografia, la paleoecologia y la paleodiversidad de este grupo. Ademas, los
quirépteros fosiles pueden ser empleados como indicadores paleoambientales y paleoclimaticos
indirectos. El registro de quirépteros fosiles en la peninsula ibérica comprende desde el Oligoceno
Superior hasta el Holoceno, con el mayor numero de yacimientos estudiados de edad Pleistoceno. En este
capitulo se apuntan brevemente las caracteristicas biolégicas que caracterizan al orden Chiroptera; se
resume el estado de la cuestion del estudio de quirépteros fésiles en la peninsula ibérica, con especial
incapié en el registro de edades Pleistoceno a Holoceno (periodos a los que pertenecen los yacimientos
presentados en esta tesis); y se indica la metodologfa general empleada en esta tesis.

Bats (order Chiroptera, Mammalia) are the only mammals adapted to active flight. They are often
represented in fossil associations of small vertebrates, especially in deposits accumulated inside karstic
cavities. Thus, their study under a palacontological point of view reverts great interest. The study of fossil
bats provides important data related to the palacogeography, palacoecology and palacodiversity of this
group. In addition, fossil bats can be used as palacoenvironmental and palacoclimatic indirect indicators.
The Iberian record of fossil bats ranges from the Upper Oligocene to the Holocene, with the largest
number of studied sites being Pleistocene in age. In this chapter, the biological characteristics that
characterize the order Chiroptera are briefly mentioned; the state of the art of the study of fossil bats in
the Iberian Peninsula is summarized, with special emphasis on the Pleistocene to Holocene record
(periods to which the sites presented in this thesis belong); and the general methodology used in this
thesis is presented.



1. Orden Chiroptera Blumenbach, 1779

1.1. Qué es un quirdptero o murciélago

El orden Chiroptera (quirépteros o murciélagos) esta conformado por los unicos
mamiferos con capacidad para el vuelo activo. El nombre cientifico Chiroptera proviene de
dos vocablos griegos, cheir (yetp), mano, y pteron (ntepov), ala ("Chiroptera"). De acuerdo con
la Real Academia Espafiola de la Lengua, el nombre que en castellano se da a estos animales
procede de una metatesis histérica de la palabra «murciégalo», formada por los términos
latinos mzus, muris, ratdn, y caeciilus, diminutivo de caecus, ciego. Este nombre revela dos
creencias populares mas o menos generalizadas sobre estos animales que son falsas: los
murciélagos no son ciegos (aunque se gufan preferentemente por su sentido del oido), ni estan
proximamente emparentados con los roedores.

Los quirdpteros pertenecen a la clase Mammalia, constituyen mas del 20% de los
mamiferos existentes y en la actualidad existen en nuestro planeta alrededor de 1.100 especies
(Simmons 2005; Teeling et al. 2005). Son los unicos mamiferos que han desarrollado la
capacidad del vuelo activo, a menudo con alta maniobrabilidad (Norberg & Rayner 1978).

Figura 1. Anatomia basica de los quirépteros; 1: craneo; 2: mandibula; 3: escapula; 4: humero; 5: radio;
6: ulna; 7: metacarpo II; 8: falanges; 9: pelvis; 10; fémur; 11: tibia; 12: fibula; 13: espolon; 14: dedo I; 15:
dedo II; 16: dedo III; 17: dedo IV; 18: dedo V; 19: dactilopatagio; 20: plagiopatagio; 21: uropatagio; 22:
cola. Modificado de de Paz & Benzal (1990).

Figure 1. Bats anatomy; 1: cranium; 2: mandible; 3: scapula; 4: humerua; 5: radius; 6: ulna; 7: metacarpal
II; 8: falanges; 9: pelvis; 10; femur; 11: tibia; 12: fibula; 13: calcar; 14: finger I; 15: finger II; 16: finger III;
17: finger IV; 18: finger V; 19: dactylopatagium; 20: plagiopatagium; 21: uropatagium; 22: tail. Modified
from de Paz & Benzal (1990).

La adaptacién al vuelo activo, junto con el desarrollo de ecolocalizacion laringea, son en gran
parte responsables del éxito global, la riqueza de especies y la capacidad de los murciélagos
para explotar nichos diversos (Jones & Teeling 2006). Ademas, el vuelo y la postura invertida
adoptada por los murciélagos en reposo han condicionado la aparicién de una serie de
complejos cambios estructurales en su esqueleto axial y pectoral, asi como la reorientacion
lateral de sus extremidades posteriores (Figura , Gunnell & Simmons 2005; Hill & Smith 1984;
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Simmons 1994, 1995). Al contrario que otros mamiferos con capacidad de planear, como las
ardillas voladoras (Sciuridae), los colugos (Dermoptera) o los marsupiales voladores
(Petauridae y Acrobatidae), el patagio o membrana alar de los murciélagos se extiende entre
los dedos II a V de las extremidades anteriores (Figura 1, Dietz et al. 2009). Por otro lado, el
uso de la ecolocalizaciéon por ultrasonidos como forma de percepcion activa de su entorno es
una singularidad unica entre los mamiferos terrestres, un «sonam bioldgico a través del cual el
animal emite sonidos para producir ecos que a su retorno se transmiten al cerebro a través del
sistema auditivo y les ayuda a orientarse, detectar obstaculos, localizar presas o comunicarse
con otros miembros de la comunidad (Dietz et al. 2009). Las caracteristicas de estas emisiones
(duracion, frecuencia y estructura) varfan inter e intraespecificamente (Dietz et al. 2009). La
mayoria de las familias de quirdpteros poseen este sistema de localizacién mediante el que
desenvolverse en ausencia de luz, a excepcion de los murciélagos de la fruta del Viejo Mundo
(familia Pteropodidae) que no usan la ecolocalizaciéon para la orientacién (aunque el género

Rousettus produce sonidos de ecolocaciéon con la lengua, conocidos como “clicks” (Jones &
Teeling 2000).

1.2. Breve nota sobre filogenia e historia evolutiva del orden Chiroptera

El origen filogenético y geografico del orden Chiroptera, asi como las relaciones
filogenéticas de este orden tanto respecto a otros grupos como dentro del mismo, son
cuestiones que han provocado fuertes controversias a lo largo de las tres dltimas décadas (Van
Den Bussche & Hoofer 2004; Jones & Teeling 2006). Treinta afios atras, la hipotesis vigente
consideraba a Chiroptera como grupo hermano de Primates, colugos (Dermoptera) y
musarafias arboricolas (Scandentia) dentro del superorden Arconta. Sin embargo, la teorfa
aceptada actualmente, que se apoya en analisis genéticos, sitia a Chiroptera en el superorden
Laurasiatheria (Figura 2), al que también pertenecen los ordenes Cetartiodactyla,
Perissodactyla, Carnivora, Pholidota, y Eulipothyphla (Van Den Busschet & Hoofer 2004,
Teeling et al. 2005). Esta nueva teorfa filogenética sitda el origen geografico del orden
Chiroptera en el hemisferio norte, ya que se tratarfa de un linaje laurasiatico (Teeling et al.
2005). El orden Chiroptera ha sido tradicionalmente dividido en dos subordenes,
Megachiroptera y Microchiroptera (Miller 1907), una clasificacién basada en criterios
morfolégicos, en la polarizacion de la adquisicion de caracteres dentro del actualmente
rechazado superorden Archonta (Van Den Bussche & Hoofer 2004), y en la asuncién de que
la ecolocalizacion evolucioné una sola vez en el grupo (Jones & Teeling 2006). El suborden
Megachiroptera estarfa integrado tnicamente por la familia Pteropodidae (murciélagos de la
fruta del Viejo Mundo, carentes de ecolocalizacién), mientras que el suborden Microchiroptera
incluirfa al resto de familias (Van Den Busschet & Hoofer 2004) (Figura 3). En 1985,
Koopman propone una subdivision dentro de Microchiroptera: por un lado, agrupa a
Rhinopomatidae, Rhinolophidae y Megadermatidae y por el otro al resto de familias,
denominando a estos grupos Yinochiroptera y Yangochiroptera respectivamente. Una década
después, Hutcheon & Kirsch proponen por vez primera el caricter parafilético de
Microchiroptera en base a datos obtenidos mediante estudios de hibridacién de ADN (Kirsch
1996; Kirsch & Hutcheon 1997; Hutcheon et al. 1998). Telling et al. (2002) proponen una
nueva division: el suborden Yinpterochiroptera, formado por los el antiguo Megachiroptera
junto con las familias Rhinopomatidae, Rhinolophidae, Hipposideridae, Megadermatidae y



Craseonycteridae, y el suborden Yangochiroptera, que incluye al resto de Microchiroptera
(Figura 3) (Jones & Teeling 2000).
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Figura 2. Arbol filogenético de los mamiferos, con los cuatro clados principales de mamiferos
placentados (Afrotheria, Xenarthra, Laurasiatheria y Euarchontoglires) y la posicion del orden
Chiroptera (modificado de Foley et al. 2016).

Figure 2. Mammal phylogenetical tree, with the four main clades of placental mammals (Afrotheria,
Xenarthra, Laurasiatheria and Euarchontoglires), and order Chiroptera location (modified from Foley et
al. 2016).

La aparicion de la adaptacion al vuelo y la del sénar son muy tempranas en el grupo,
habiéndose recuperado especimenes fosiles representantes de géneros basales que ya
presentan ambas caracteristicas. Los especimenes de murciélago mds antiguos en el registro
tésil proceden de la Green River Formation de Wyoming (Eoceno Inferior, 52,5 Ma
aproximadamente, Estados Unidos, Jepsen 1966; Simmons & Geisler 1998; Simmons et al.
2008; entre otros). El primero de los géneros en ser descubierto y descrito fue Icaronycteris
(cuatro individuos de conservacion excepcional asignados a la especie Icaronycteris index;, Jepsen
1966; Novacek 1985, 1987; Simmons & Geisler 1998). Durante décadas ha sido considerado
como el quiréptero mas antiguo del mundo. Se trata de un animal que ya presenta unas
caracterfsticas morfologicas muy similares a las de los microquirdpteros actuales (Gunnell &



Simmons 2005; Novacek 1985, 1987). Sin embargo, en el afio 2008 se describe una nueva
especie a partir de un individuo también procedente de la Green River Formation y coetineo
al anterior, Onychonycteris finneyi (Simmons et al. 2008). Aunque cronolégicamente similares,
Omnychonycteris presenta caracteres mas primitivos que Icaronycteris: si bien posee alas bien
desarrolladas, carece de la coclea agrandada que presentan los murciélagos actuales con
ecolocalizacién, un hecho que parece apoyar la hipétesis de que fue la capacidad para el vuelo
activo la primera en aparecer en este grupo (Simmons et at. 2008). Otros especimenes de
quiropteros del Eoceno temprano y el transito Eoceno Inferior-Medio se han recuperado
también en Buropa (e.g. Hassianycteris, Archaeonycteris y Paleochiropteryx (Messel, transito Eoceno
Inferior-Medio; Habersetzer & Storch 1987, 1989, 1992; Simmons & Geisler 1998; Storch et
al. 2002), en Africa, y en Australia (Australonycterss, Queensland, Eoceno Inferior) (Gunnell &
Simmons 2005).
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Figura 3. Relaciones filogenéticas e historia evolutiva del orden Chiroptera. Subérdenes tradicionales; 1:
Megachiroptera; 2: Microchiroptera; subdordenes segiin Teeling et al. (2005); 3: Yinpterochiroptera; 4:
Yangochiroptera. Modificado de Simmons (2005) y Teeling et al. (2005).

Figure 3. Phylogenetic relationships and evolutionary history of order Chiroptera. Traditional
suborders; 1: Megachiroptera; 2: Microchiroptera; suborders according to Teeling et al. (2005); 3:
Yinpterochiroptera; 4: Yangochiroptera. Modified from Simmons (2005) and Teeling et al. (2005).

1.3. El orden Chiroptera en la peninsula ibérica, especies actuales
Los murciélagos son un grupo de mamiferos muy diversificado, también en nuestro
territorio. Actualmente, existen 35 especies de quirépteros que habitan en Espafia, Portugal y
Gibraltar, de las cuales 31 estan presentes en el territorio peninsular (de acuerdo con Palomo



et al. 2007; http://secemu.org/). A continuacion, se incluye un listado de las especies de
murciélagos que habitan la peninsula ibérica en la actualidad:
Rhinolophus ferrumequinum (Schreber, 1774), murciélago grande de herradura
Rhinolophus hipposideros (Bechstein, 1800), murciélago pequefio de herradura
Rhinolophus enryale Blasius, 1853, murciélago mediterraneo de herradura
Rhinolophus mebelyi Matschie, 1901, murciélago mediano de herradura
Myotis myotis (Borkhausen, 1797), murciélago ratonero grande
Myotis blythii (Tomes, 1857), murciélago ratonero mediano
Myotis bechsteinii (Kuhl, 1817), murciélago ratonero forestal
Myotis capaccinii (Bonaparte, 1837), murciélago ratonero patudo
Myotis danbentonii (Kuhl, 1817), murciélago ratonero riberefio
Myotis escalerai Cabrera, 1904, murciélago ratonero ibérico
Myotis cf. nattereri (Kuhl, 1817), murciélago ratonero de Natterer
Myotis emarginatus (E. Geoffroy, 1806), murciélago ratonero pardo
Myotis aleathoe von Helversen & Heller, 2001, murciélago ratonero bigotudo de Alcathoe
Myotis mystacinus (Kuhl, 1817), murciélago ratonero bigotudo
Pipistrellus pipistrellus (Schreber, 1774), murciélago enano
Pipistrellus pygmaens (Leach, 1825), murciélago de Cabrera
Pipistrellus kublii Kuhl, 1817, murciélago de borde claro
Pipistrellus nathusii (Keyserling & Blasius, 1839), murciélago de Nathusius
Hypsugo savii (Bonaparte, 1837), murciélago montanero
Eptesicus serotinus (Schreber, 1774), murciélago hortelano
Eptesicus isabellinus (Temminck, 1839), murciélago hortelano pardo
Vespertilio murinus (Linnaeus, 1758), murciélago bicolor
Nyctalus leisleri (Kuhl, 1817) néctulo pequefio
Nyctalus lasiopterus (Schreber, 1780) néctulo grande
Nyctalus noctula (Schreber, 1774) néctulo mediano
Barbastella barbastellus (Schreber, 1774), barbastela
Plecotus anritus (Linnaeus, 1758), murciélago orejudo dorado
Plecotus austriacus (J. Fischer, 1829), murciélago orejudo gris
Plecotus macrobullaris Kuzyakin, 1965, murciélago orejudo alpino
Minigpterns schreibersii (Kuhl, 1817), murciélago de cueva
Tadarida teniotis, (Rafinesque, 1814) murciélago rabudo

2. Los quirGpteros como componentes del registro fosil en la

peninsula ibérica, antecedentes

Desde el Oligoceno Superior, se citan los siguientes géneros en la peninsula ibérica:
Rhbinolophus, Hipposideros y Megadema (Carrascosa del Campo, Cuenca, Sevilla 1990a), los dos
ultimos carecen de representantes actuales en este territorio. Desde el Mioceno Inferior se cita
el género Myotis (Navarrete del Rio, Teruel, Adrover 1972; Fuenmayor, La Rioja, Martinez
Salanova 1987). Desde el Mioceno Medio los géneros Minigpterus (Salobrefia, Granada, Aguilar
et. al. 1984), Tadarida (Bufiol, Valencia, Adrover 1968), Eptesicus (Caseton, Teruel, Sevilla
2002), y Asellia (Caseton, Teruel, Sevilla 2002), este dltimo tampoco tiene representantes
actuales en la peninsula ibérica. Desde el Mioceno Superior los géneros Pipistrellus y Nyctalus
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(Venta del Moro, Valencia, Crespo et al. 2017). Desde el Plioceno Medio el género Plecotus
(Almenara-Casablanca 4, Castellon, Agusti et al. 2011). El género Barbastella tiene su primer
registro fosil ya en el Cuaternario, en el Pleistoceno Medio (Pradena, Segovia, Sevilla 1988); del
género Hypsugo no se han encontrado datos en el registro fosil por ahora. Los yacimientos
fosiliferos con registro de quirépteros en la peninsula ibérica de edad Cuaternario (Figura 4, 5,
6 y 7) son notablemente mas numerosos en comparacion con los yacimientos de edad
Pale6geno y Nebdgeno. A continuacién, se incluye la localizacion de los yacimientos
cuaternarios ibéricos con registro de quirépteros, incluidas las nuevas localidades presentadas

en esta tesis.
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Figura 4. Localizaciéon geografica de los yacimientos ibéricos del Pleistoceno Inferior con registro fésil
de quirépteros (circulos rojos: localidades previas; circulos blancos: aportaciones de esta tesis). 1:
Atapuerca (Sima del Elefante, Galan et al. 2016a; Gran Dolina, Capitulo 4); 2: Pont6n de la Oliva (Sesé
& Ruiz-Bustos 1992); 3: Almenara-Casablanca (Agusti et al. 2011); 4: Quibas (Sevilla et al. 2014); 5:
Cueva Victoria (Sevilla 2012); 6: E1 Chaparral (Giles-Pacheco et al. 2011).

Figure 4. Geographical location of the Early Pleistocene Iberian sites with fossil bats record (red circles:
previous localities, white circles: contributions of this thesis).
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Figura 5. Localizacion geografica de los yacimientos ibéricos del Pleistoceno Medio con registro de
quirépteros (circulos rojos: localidades previas; circulos blancos: aportaciones de esta tesis). 1: El
Guardo (Sevilla 1988); 2: Atapuerca (Sima del Elefante, Lopez-Garcia et al. 2011b; Gran Dolina, Capitulo
4; Galeria-Zarpazos, Capitulo 5; Cuenca-Bescos & Garcia, 2007; Galindo-Pellicena et al. 2011); Sima de
los Huesos, Capitulo 5); 3: Mollet (Lopez-Garcia et al. 2014c; Maroto et al. 2012); 4: Pradena (Sevilla
1988); 5: Cova del Rinoceront (Daura et al. 2015); 6: El1 Congosto (Alberdi et al. 1977) y Aridos-1 (Lépez-
Martinez 1980); 7: Son Bou (Reumer 1982); 8: La Salema (Marquina-Blasco et al. 2016); 9: Las Yedras
(Sevilla 1988); 10: Las Grajas (Sevilla 1988); 11: El Higuer6n (Sevilla 1988).

Figure 5. Geographical location of the Middle Pleistocene Iberian sites with fossil bats record (red
circles: previous localities, white circles: contributions of this thesis).
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Figura 6. Localizacion geografica de los yacimientos ibéricos del Pleistoceno Superior con registro de
quirépteros (circulos rojos: localidades previas; circulos blancos: aportaciones de esta tesis). 1:
Valdavara-1y 3 (Lopez-Garcia et al. 2011a; Vaquero et al. 2018); 2: Las Caldas (Laplana et al. 2006); 3:
Cueva de las Aguas (Sesé 2016); 4: Cueva de Covalejos (Sesé 2005); 5: El Castillo (Sesé 2017); 6: E1 Miron
(Cuenca-Bescoés et al. 2009); 7: Ventalaperra (Murelaga et al. 2007); 8: Laminak (Peman 1994); 9: Erralla
(Peman 1985); 10: Labeko Koba (Peman 2000), Lezetxiki (Altuna 1972); 11: Aitzbitarte (Altuna 1972); 12:
Amutxate (Sesé 2014); 13: Atapuerca (El Portalon, Lopez-Garcia et al. 2010b; El Mirador, Bafiuls-
Cardona et al. 2017); 14: Cueva Millan (Alvarez et al. 1992); 15: Estebanvela (Sesé 2007); 16: Pinilla del
Valle (Camino, Arsuaga et al. 2012; Cueva de la Buena Pinta, Baquedano & Laplana 2006); 17:
Villacastin (Arribas 1994); 18: El Reguerillo (Sevilla 1988); 19: PRERESA (Sesé et al. 2011); 20: Los
Casares (Mingo-Alvarez et al. 2014); 21: Aguilén P7 (Galan et al. 2016b); 22: Los Batanes (Galan et al.
2018a); 23: Cueva de los Moros de Gabasa (Blasco-Sancho 1995); 24: Cova Colomera (Lopez-Garcia &
Cuenca-Bescos 2010); 25: Xaragalls (Lopez-Garcia et al. 2012a), Gals Carboners (Lopez-Garcia et al.
2014a); 26: Olopte (Lopez-Garcia 2008); 27: Cova de I’Arbreda (Alcalde & Galobart 2002; Lépez-Garcia
& Cuenca-Bescos 2010); 28: Teixoneres (Lopez-Garcia et al. 2012b, 2014b); 29: Abric Romani (Burjachs
et al. 2012); 30: macizo del Garraf (Villalta & Crusafont 1950), Cova del Rinoceront (Daura et al. 2015);
31: Cova del Gegant (Lopez-Garcia et al. 2014b), Cova del Muscle (Lépez-Garcia 2008); 32: Maltravieso-
Chimeneas (Bafiuls-Cardona et al. 2012); 33: Cova Negra (Guillem 2009); 34: La Carihuela (Sevilla 1988);
35: Cueva del Agua (Sevilla 1988); 36: Zafarraya (Barroso-Ruiz et al. 2003; Barroso & Desclaux 2006); 37:
Gorhams Cave (Lopez-Garcia et al. 2011c).

Figure 6. Geographical location of the Late Pleistocene Iberian sites with fossil bats record (red circles:
previous localities, white circles: contributions of this thesis).
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Figura 7. Localizacion geografica de los yacimientos ibéricos del Holoceno con registro de quirépteros
(circulos rojos: localidades previas; circulos blancos: aportaciones de esta tesis). 1: Valdavara-1 (Lopez-
Garcia et al. 2011a); 2: El Miron (Cuenca-Bescds et al. 2009); 3: Ekain (Zabala 1984) y Urtiagako Leizea
(Altuna 1972); 4: Marizulo (Altuna 1972); 5: E1 Mirador (Bafiuls-Cardona et al. 2017); 6: Secus (cuevas B-
9 y B-8, Capitulo 8); 7: Lecherines (cueva D-2, Capitulo 8); 8: Cova Colomera (Oms et al. 2009); 9: Cova
de la Guineu (Galobart et al. 1991); 10: Can Sadurni (Millan & Blanch 1989); 11: Cueva de la Buena Pinta
(Baquedano & Laplana 2006); 12: cueva de la Ventana (Sanchez-Marco et al. 2005); 13: La Sarsa (Sevilla
1988) y Cova Bolumini (Guillem 1999); 14: Cova de les Cendres (Guillem 1999).

Figure 7. Geographical location of the Holocene Iberian sites with fossil bats record (red circles:
previous localities, white circles: contributions of this thesis).

3.  Objetivos de la tesis

La presente tesis tiene dos principales metas. En primer lugar, la aportacion de
nuevos datos al registro f6sil del orden Chiroptera en el Cuaternario de la mitad norte de
la peninsula ibérica, contribuyendo a llenar el vacio de registro especialmente marcado en el
Pleistoceno Inferior y Medio. En segundo lugar, el analisis de la dinamica de las
poblaciones de quirépteros del pasado a través del tiempo. Para cllo, se han establecido
los siguientes objetivos:

1. Caracterizacion sistematica de los taxones pertenecientes al orden Chiroptera
representados en los nueve yacimientos estudiados en este trabajo: los yacimientos revisados
del Pleistoceno Inferior y Medio de la Sierra de Atapuerca, 1. e. la Sima del Elefante, la Gran
Dolina, Trinchera Galerfa y la Sima de los Huesos; y los nuevos yacimientos del Pleistoceno
Superior, transito Pleistoceno Superior-Holoceno y Holoceno de Aragdn, ie. Aguiléon P7, los
Batanes, las cuevas B-9 y B-8 de la Sierra de Sects y la cueva D-2 de Lecherines.
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2. Recopilaciéon de parametros biométricos sobre poblaciones actuales para la
identificacion del complejo de especies ctipticas Myotis myotis/ blythii en el registro f6sil.

3. Empleo de las asociaciones de quirépteros fosiles como indicadores indirectos de
parametros paleoclimaticos y paleoambientales y comparacién de las sefiales obtenidas con las
de otros proxis empleados en los mismos yacimientos (por ejemplo: analisis palinolégicos,
asociaciones de otros pequefios mamiferos o asociaciones de herpetofauna).

4. Analisis de la posible interaccién entre las poblaciones humanas prehistoricas y las
poblaciones de quirdpteros en los casos de ocupacion de un mismo refugio.

4.  Metodologia general

Debido a que en esta tesis se abordan trabajos de distinto tipo en cada capitulo, la
descripcion de la metodologia especifica empleada en cada uno de estos trabajos se aborda en
un apartado propio dentro de dichos capitulos. A continuacion, sin embargo, se va a exponer
de manera breve la metodologia comun empleada para el procesado de las muestras, en el
trabajo de campo en primer lugar, y en el trabajo de gabinete en segundo lugar.

4.1. Trabajo de campo: obtencién de los restos de pequefios vertebrados

Los restos de pequefios vertebrados se recuperan mediante el método del lavado-
tamizado de los sedimentos excavados con ayuda de una corriente de agua, con el objetivo de
eliminar la matriz arcillosa. El sedimento extraido en la excavaciéon arqueolégica o
paleontoldgica (Figura 8) que va a ser procesado debe siempre estar organizado en muestras,
donde cada una de ellas consiste en un volumen de sedimento bien delimitado (por unidad
litoestratigrafica, por cuadro excavado y por profundidad de sedimento excavado, Figura
b,c,d) que se lava de manera independiente. En excavaciones donde se procesa una gran
cantidad de sedimento, como es el caso de Atapuerca (Figura 8,Figura ), cuando las muestras
llegan al centro de lavado-tamizado (Figura 9) se organizan de tal manera que quedan
distribuidas en cuadriculas que replican las de cada yacimiento de origen (Figura 9a), para
facilitar asi su procesado y evitar la mezcla de distintas muestras. La muestra debe permanecer
en remojo una cantidad de tiempo variable (que depende de la naturaleza litologica del
sedimento) para que la fraccion arcillosa se disgregue (Figura 9b). En el caso del material
procesado en esta tesis el rango de tiempo empleado ha sido de entre 5 y 24 horas. Para el
lavado-tamizado de sedimento se emplea una columna de tres tamices superpuestos con luz de
malla 10, 5 y 0,5 mm respectivamente (de arriba abajo) y la ayuda de una corriente de agua. En
los casos mas sofisticados, como en la excavacién en Atapuerca, el agua se extrae de un rio (u
otra masa de agua) mediante una bomba de agua con motor de gasolina y se hace caer sobre
los tamices mediante un montaje de mangueras (Figura 9c). El sedimento se vuelca sobre el
tamiz superior y se hace pasar a través de la columna de tamices junto con la cortiente de agua
(Figura 9d) hasta que la matriz arcillosa se elimina por completo (Figura 9¢). En excavaciones
donde no se dispone de este mecanismo, como es el caso de las realizadas en los yacimientos
de los Pirineos, los tamices empleados eran de dimensiones menores y el proceso de lavado se
realiz6 aprovechando la corriente de un pequefio arroyo de montafia, sumergiendo los tamices
parcialmente en él. Tras el proceso de lavado-tamizado, el concentrado no arcilloso de la
muestra (técnicamente denominado levigado) queda dividido en dos fracciones en funcién del
tamafio de grano: grueso (recogido en el tamiz de luz 5 mm) y fino (recogido en el tamiz de
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luz 0,5 mm). Dicho concentrado se seca al aire libre (Figura f) y se empaqueta manteniendo

siempre la unidad de cada muestra.

) f AN % :

. I RS
Figura 8. Proceso de transporte de las muestras desde la excavaciéon arqueoldgica hasta el centro de

lavado-tamizado en Atapuerca; a: excavacion del yacimiento de la Gran Dolina; b: acumulacion de las

muestras de sedimento extraido en la excavaciéon almacenadas en sacos; c: etiqueta de una muestra de

sedimento correspondiente a la campafia de excavacion del afio 2014, procedente del yacimiento

Trinchera-Dolina, unidad TD10.3, cuadro H13 y profundidad 240-250 cm; d: organizacién de los sacos

de sedimento en el centro de lavado-tamizado, agrupados por yacimientos y distribuidos en

cuadriculas. Autoria fotos: Julia Galan, Carmen Nuiflez, Mercedes Conde.

.

Figure 8. Transporting the samples from the archaeological excavation to the washing-sieving centre in
Atapuerca; a: excavation of the Gran Dolina site; b: accumulation of the samples of sediment extracted
in the excavation, stored in sacks; c: organization of the sediment sacks at the washing-sieving centre,
grouped by sites and distributed in squares; d: label of a sediment sample corresponding to the 2014
excavation campaign, at the Trinchera-Dolina site, unit TD10.3, square H13 and depth 240-250 cm.
Pictures by: Julia Galan, Carmen Nuifiez, Metcedes Conde.
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Figura 9. Procesado de las muestras de sedimento el centro de lavado-tamizado en Atapuerca; a:
llenado de cubos; b: remojado de las muestras; c: estructura de andamios para sostener los puestos de
lavado-tamizado, cada uno formado por una columna de tamices y dos mangueras ; d: volcado de cubos
de muestra himeda sobre la columna de tamices; e: eliminacién de la matriz arcillosa con la ayuda de
la corriente de agua para obtener el concentrado de sedimento formado por pequefios clastos y restos
fosiles; f: secado de cada muestra de concentrado de sedimento. Autoria fotos: José Luis Barco,
Mercedes Conde.

Figure 9. Sediment samples processing at the washing-sieving centre in Atapuerca; a: cube filling; b:
samples soaking; c: structure of scaffolds supporting the washing-sieving stations, each station
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consisting of a column of sieves and two hoses; d: dumping of the cubes containing the wet sample on
the columns of sieves; e: clay matrix removal with the water stream to obtain the concentrate of
sediment formed by small clasts and fossil remains; f: concentrate samples drying. Pictures by: José
Luis Barco, Mercedes Conde.

4.2. Trabajo de gabinete: estudio de los restos esqueléticos de quirdpteros

El estudio de los restos esqueléticos de quirdpteros, tanto de los restos foésiles
separados mediante el triado de los levigados (Figura 10a, c), como de los especimenes
actuales en el caso de toma de datos biométricos o del estudio de colecciones de referencia en
anatomia comparada, se ha realizado siempre con la ayuda de un microscopio estereoscépico
o lupa binocular modelo Olympus SZ61 (Figura 10b) debido al pequefio tamafio de los
elementos estudiados. L.a manipulacién de los restos esqueléticos requiere el empleo de pinzas
(Figura 10b, c). La toma de medidas de las piezas dentales se ha realizado sobre fotografias
digitales de los restos objeto de estudio, empleando para ello una camara digital (modelo
LC20) acoplada a la lupa binocular (Figura 10d) a 1,5x aumentos, asi como software adecuado
a la toma de medidas (en este caso, Photoshop). Para la toma de medidas sobre el esqueleto
craneal (excepto dientes) y postcraneal, se ha empleado un calibre electrénico (modelo
Mitutuoyo Digimatic Caliper CD-8"CX, Japan) con precision teérica de 0,01 mm (Figura 10e).

La identificacion de los restos de quirdpteros se ha basado en los criterios
taxonomicos propuestos por los siguientes autores: para restos craneales Dupuis (1986), Menu
& Popelard (1987), Sevilla (1988), Jenrich et al. (2012) y Galan et al. (2018b); para restos del
esqueleto postcraneal Felten et al. (1973), Dupuis (1986), Dodelin (2002) y Radulet (2003). La
nomenclatura anatémica empleada aqui es la proporcionada por los autores previamente
mencionados junto con Strikler (1978) (Figura 11, 12). Ademas, se ha llevado a cabo la
comparaciéon de los restos recuperados con especimenes actuales procedentes de las
colecciones de las siguientes instituciones: Museo de Ciencias Naturales de la Universidad de
Zaragoza, Centro Internacional del Agua y el Medioambiente (CIAMA) de La Alfranca en
Zaragoza, Museo Nacional de Ciencias Naturales de Madrid, Estacién Biolégica de Dofiana-
CSIC de Sevila, Muséum National d'Histoire Naturelle de Paris, Laboratério de
Arqueociéncias de Lisboa, Magyar Természettudomanyi Muzeum de Budapest, y Smithsonian
Institution de Washington.
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Figura 10. Procesado de las muestras en la Universidad de Zaragoza; a: muestra para triado, compuesta
por pequefios clastos y fragmentos foésiles; b: triado de las muestras con lupa binocular; c: restos fosiles
de quirdpteros triados; d: toma de imagenes de los restos con camara digital acoplada a la lupa
binocular; e: toma de medidas de los restos con calibre electronico.

Figure 10. Processing samples at the University of Zaragoza; a: sample for picking up, composed of
small clasts and fossil fragments; b: picking up the samples with binocular microscope; c: picked up
fossil remains of bats; d: taking images of the remains with a digital camera attached to the binocular
microscope; e: taking measurements of the remains with an electronic calliper.
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Figura 11. Esqueleto craneal; a: serie dental superior derecha en vista oclusal; 1, metastilo; 2, parastilo; 3,
metacresta; 4, paracresta; 5, metacono; 6, paracono; 7, protocono; 8, cingulo; b: serie dental inferior derecha en
vista oclusal; 1, talénido; 2, trigéonido; 3, hipoconulido; 4, entocénido; 5, entocréstida; 6, metaconido; 7,
paraconido; 8, hipocénido; 9, paraconido; 10, cingulo; c: craneo en vista ventral y dorsal; 1, premaxilar; 2,
maxilar; 3, arco cigomatico; 4, lamina horizonal del palatino; 5, coana; 6, coclea; 7, foramen magnum; 8,
escotadura nasal; 9, rostro; 10, cavidad craneal; d: mandibula derecha en vista posterior y labial; 1, proceso
coronoides; 2, proceso articular; 3, proceso angular; 4, rama mandibular; 5, cresta masetérica; 6, cuerpo
mandibular; 7, foramen mentoniano. Escala=1 mm.

Figure 11. Craneal skeleton; a: upper right dental row in occlusal view; 1, metastyle; 2, parastyle; 2, metacrista; 4,
paracrista; 5, metacone; 6, paracone; 7, protocone; 8, cingulum; b: lower right dental row in occlusal view; 1,
talonid; 2, trigonid; 3, hypoconulid; 4, entoconid; 5, entocristid; 6, metaconid; 7, paraconid; 8, hypoconid; 9,
paraconid; 10, cingulum; c: skull in ventral and dorsal view; 1, premaxilla; 2, maxilla; 3, zygomatic arc; 4,
palatine horizontal plate; 5, choana; 6, cochlea; 7, foramen magnum; 8, nasal cavity; 9, rostrum; 10, craneal
cavity; d: right mandible in posterior and labial view; 1, coronoid process; 2, articular process; 3, angular process;
4, mandibular ramus; 5, masseteric crista; 6, mandibular body; 7, mental foramen. Scale=1 mm.
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Figura 12. Esqueleto postcraneal, principales huesos descritos; a: clavicula derecha, vista superior e
inferior; 1, extremo esternal; 2, extremo acromial; b: escapula derecha, vista dorsal y ventral; 1, borde
superior; 2, angulo superior; 3, espina; 4, fosa supraespinal; 5, fosa infraespinal; 6, borde medial; 7,
angulo inferior; 8, borde lateral; 9, cavidad glenoidea; 10, proceso coracoide; 11, actomion; 12, muesca
supraescapular; c: esternén; 1, manubrio; 2, cuerpo esternén; d: himero derecho en vista externa e
interna; 1, troquiter; 2, cresta pectoral; 3, diafisis; 4, fosa radial; 5, epicéndilo; 6, condilo; 7, troclea; 8,
proceso estiloide; 9, epitroclea; 10, fosa antecubital; 11, fosa lateral; 12, cresta ventral; 13, cresta dorsal;
14, troquin, 15, cabeza; e: radio derecho en vista ventral y dorsal; 1, barra longitudinal; 2, superficie
articular; 3, fosa de insercion del biceps; 4, barra transversal; 5; engrosamiento de la barra longitudinal;
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6, proceso proximal; 7, diafisis; 8, apofisis ulnar; f: epifisis proximal del segundo metacarpo derecho; g:
epifisis proximal del tercer metacarpo derecho; h: epifisis proximal del cuarto metacarpo derecho; i:
epifisis proximal del quinto metacarpo derecho; j: pelvis derecha en vista lateral y mesial; 1, ilio; 2,
espina pubica; 3, pubis; 4, isquio; 5, acetabulo; 6, foramen obturador; k: fémur derecho en vista ventral y
dorsal; 1, cabeza; 2, trocanter menor; 3, trocanter mayor; 4, cresta medial; 5, cresta lateral; 6, diafisis; 7,
condilo medial; 8, céndilo lateral; 1: tibia derecha en vista dorsal y ventral; 1, condilo lateral; 2,
tuberosidad; 3, condilo medial; 4, diafisis; 5, maléolo medial. Escala=2 mam.

Figure 12. Postcraneal skeleton, main described bones; a: right clavicle, superior and inferior view; 1,
sternal end; 2, acromial end; b: right scapula, dorsal and ventral view; 1, superior border; 2, superior
angle; 3, spine; 4, supraspinal fossa; 5, infraspinal fossa; 6, medial border; 7, inferior angle; 8, lateral
border; 9, glenoid cavity; 10, coracoid process; 11, acromion; 12, suprascapular notch; c: sternum; 1,
manubrium; 2, body of sternum,; d: right humerus in external and internal view; 1, trochiter; 2, pectoral
ridge; 3, diaphysis; 4, radial fossa; 5, epicondyle; 6, condyle; 7, trochlea; 8, styloid process; 9, epitrochlea;
10, antecubital fossa; 11, lateral fossa; 12, ventral ridge; 13, dorsal ridge; 14, trochin, 15, head; e: right
radius in ventral and dorsal view; 1, longitudinal bar; 2, articular surface; 3, biceps insertion fossa; 4,
transversal bar; 5; longitudinal bar thickening; 6, proximal process; 7, diaphysis; 8, ulnar apophysis; f:
second right metacarpal proximal epiphysis; g: third right metacarpal proximal epiphysis; h: fourth
right metacarpal proximal epiphysis; i: fifth right metacarpal proximal epiphysis; j: right pelvis in lateral
and mesial view; 1, ilium; 2,pubic spine; 3, pubis; 4, ischium; 5, acetabulum; 6, obturator foramen; k:
right femur in ventral and dorsal view; 1, head; 2, lesser trochanter; 3, greater trochanter; 4, medial ridge;
5, lateral ridge; 6, diaphysis; 7, medial condyle; 8, lateral condyle; I: right tibia in dorsal and ventral view;
1, lateral condyle; 2, tuberosity; 3, medial condyle; 4, diaphysis; 5, medial maleollus. Scale=2 mm.
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Biometria craneal del
complejo Myotis myotis/
Myotis blythii en la peninsula
ibérica: nuevos data para el
estudio del registro fosil

Cranial biometrics of the Iberian Myotis myotis/Myotis blythii
complex: new data for studying the fossil record

The Myotis myotis/ M. blythii species complex, spread across the Western Palearctic, is a problematic group for
which the taxonomy of the species is not yet satisfactorily resolved. The Iberian Peninsula played a key role in
its evolutionary history as a Pleistocene refuge and as the starting point for the eastward expansion of M.
myotis in the early Holocene, while M. blythii reached the Iberian Peninsula only during the middle Holocene.
The study of Iberian populations and particulatly of the Iberian fossil record is of high interest in this regard.
However, there are few data available on the biometry of the skulls and teeth of Iberian populations (which
differ somewhat in size from those of other regions of Europe and Asia) or tools for the identification of
fragmentary cranial remains. Much of the Quaternary Iberian record of large Myotis remains unassigned. Here,
we contribute to the task of determining fragmentary cranial remains by providing new cranial and dental
biometric data from extant Iberian populations, predictive models for isolated upper molar identification, and
a set of indices that allow quantitative evaluation of the differences in anatomical traits (in skull and molars)
between the two species.

El complejo de especies Myotis myotis/ M. blythii, extendido a lo largo del Paledrtico occidental, es un grupo
problematico para el cual la taxonomifa de las especies no estd satisfactoriamente resuelta todavia. La
peninsula ibérica jugd un papel principal en la historia evolutiva de este grupo como refugio Pleistoceno y
como punto de expansioén hacia el este de la especie M. myotis, mientras que M. blythii alcanzé la peninsula
ibérica en cronologfas mas recientes, Holoceno medio. El estudio de las poblaciones ibéricas, y en particular
del registro fosil ibérico de este complejo de especies revierte por ello gran interés. Sin embargo, los datos
biométricos obtenidos mediante la medicién de parametros craneales y dentales en especimenes procedentes
de poblaciones ibéricas (los cuales difieren ligeramente en talla de los de poblaciones procedentes de otras
zonas de Europa y de Asia) asi como otro tipo de herramientas para la comparacion y la diagnosis de restos
craneales fragmentarios son escasos. Gran parte del registro ibérico cuaternario de Myosis de talla grande
permanece sin asignar. La contribucién de este trabajo a la tarea de determinaciéon de restos craneales
fragmentarios cosiste en: una nueva y amplia coleccién de datos biométricos craneales y dentales procedentes
de poblaciones ibéricas actuales, modelos predictivos para la identificacién de molares superiores aislados y
un conjunto de indices biométricos que permiten la evaluacién cuantitativa de las diferentes tendencias
anatémicas (en craneos y molares) que presentan las dos especies.
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1. Introduction

Traditionally, two taxa have been distinguished among the species complex of large
Myotis Kaup 1829, widespread across the Western Palearctic: the greater mouse-eared bat,
Myotis myotis (Borkhausen 1797), and the lesser mouse-eared bat, Myotis blythii (Tomes 1857)
(Figure 1). Both show size clines and morphological variations across their geographical
distribution (Arlettaz et al. 1997; Benda & Horacek 1995b). Consequently, the taxonomic
status of some populations has been a matter of controversy (Arlettaz et al. 1997; Benda &
Horacek 1995a, 1995b; Bogan et al. 1978; Castella et al. 2000; Felten et al. 1977; Gulia 1913;
Lanza 1959; Strelkov 1972). In regions of sympatry of the greater and the lesser mouse-eared
bats (Figure 1), they commonly share nursery and reproductive roosts (Berthier et al. 20006;
Dietz et al. 2009; Palomo et al. 2007), and cases of hybridization have been reported
(Bachanek & Postawa 2010; Berthier et al. 2000).

-M. myolis - sympatry M. blythii

Figure 1. Current geographical distribution of the two species of large mouse-eared bats studied in this
work. After Dietz et al. (2009) and the EMMA Database maintained by the Societas Europaea
Mammalogica (European-mammals 2017, www.european-mammals.org).

Figura 1. Distribucion geografica actual de las dos especies de murcélagos ratoneros estudiadas en este
trabajo. Basado en Dietz et al. (2009) y la EMMA Database de la Societas Europaea Mammalogica
(European-mammals 2017, www.european-mammals.org).
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According to Corbet (1978), the greater mouse-eared bat is represented by the nominal
torm Mpyotis myotis myotis, and a larger subspecies in the Levant, M. 7. macrocephalicns Harrison &
Lewis, 1961. According to Strelkov (1972), the lesser mouse-eared bat is represented by the
nominal, Himalayan form Myotis blythii blythii, by the Western Palearctic form M. b. oxygnathus
Monticelli 1885, by the Anatolian form M. b. omari Thomas 1906, by the Eastern Palearctic
torm M. b. ancilla Thomas 1919, and by the Altaian form M. b. altaicus (see also Dzeverin &
Strelkov 2008). Simmons (2005) also recognized M. b. lesviacus 1liopoulou-Georgudaki 1984, in
Greece, and raised M. oxygnathus to species level in accordance with Ruedi & Mayer (2001).
The North African form M. punicus Felten et al. 1977, constitutes a well-defined allopatric
species that does not coexist with the other two forms in Europe (Castella et al. 2000).
Furman et al. (2014) established the biological species status of M. myotis and M. blythii in
Europe but refused to recognize the morphological subspecies defined in Europe as
significant evolutionary units and recommended keeping the Central Asian forms of lesser
mouse-eared bats as M. blythii s. 1. until further sampling allows the taxonomic question to be
resolved.

Regarding the evolutionary history of the two groups, Furman et al. (2014) proposed
that an isolation process of M. myotis and M. blythii s. 1. took place in scattered glacial refuges in
Western Europe and Asia, respectively. Molecular studies (Bogdanowicz et al. 2009) date the
branching between these taxa at 560 ka BP (middle Pleistocene). The importance of the fossil
record of large Myotis in the Iberian Peninsula, a refuge for mammalian faunas during the late
Pleistocene (e. g., Cuenca-Bescos et al. 2010c; Hewitt 1996, 1999, 2000; Sauqué & Cuenca-
Bescos 2013), is due to its key location. The evidence indicates that this region was the starting
point for the expansion of M. myotis towards Central Europe and the Balkans, together with
the expansion of forested habitats, during interglacial periods of the Pleistocene-Holocene
transition (Furman et al. 2014; Ruedi & Castella 2003). On the other hand, it has been
established that the eventual entrance into Iberia of M. blythii after its westwards expansion
from Asia occurred subsequently, in the middle Holocene (Benda & Horacek 1995a; Sevilla
1989; Topal & Ruedi 2001). However, a few remains from the latest Pleistocene of L’Arbreda
and Cova Colomera (Spain) have recently been identified as M. bhythii and M. myotis/ blythii
(Lopez-Garcefa 2011), and there is a notable late Pleistocene Iberian record of large Myotis that
remains unassigned (Galan et al. 2016b; Lopez-Garcia 2011; Sevilla 1988).

The problem of assigning the fossil bones of these bats is grounded in the very similar
morphology of M. myotis and M. blythii and on the fragmentary nature of this type of remains,
commonly isolated teeth or fragmentary skeletal remains (examples in Galan et al. 20106a,
2016b; Lopez-Garcfa 2011; Sevilla 1988). The assignation of cranial and dental remains is
mostly based on metric parameters, where the first species is usually smaller than the second
although there is a non-negligible overlap of size between the two (Arlettaz 1995, 1997, 1999;
Benda & Horiacek 1995a, 1995b; Bachanek & Postawa 2010; Evin et al. 2008; Kowalski &
Ruprecht 1981; Topal & Tusnady 1963). This is especially problematic when working with
Iberian M. myotis specimens, which currently represent the Western, smaller-size extreme of a
size cline across Europe.

Works on the cranial biometrics of the European M. myotis/ M. blythii complex atre
abundant in the literature. Topal & Tusnady (1963) distinguished Carpathian populations of
M. myotis and M. oxygnathus (M. blythii s. 1) by differences in size and also by allometric trends
based on six measurements on both the cranium and mandible. Arlettaz (1995, 1997), Benda
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& Horacek (1995a, 1995b) addressed the issue of the geographical distribution and variation
of the large Myotis complex through the Palearctic by, amongst other procedures, a cranial
biometric approach. Arlettaz (1995) proposed two diagnostic relationships: the total length of
the cranium versus the length of the upper tooth row, and the total length of the cranium
versus the zygomatic breadth. Evin et al. (2008) employed a landmark-based, geometric
morphometric method in order to analyze the skull variability within the species complex.
Bachanek & Postawa (2010) performed a traditional morphometric study on a sample of M.
myotis and M. blythii from the Carpathian Basin in order to find potential hybrid specimens,
revealing intermediate specimens that the authors interpreted as hybrids. Regarding the
assignation of isolated teeth, the relationship between the talonid width and the total length of
the third lower molar was employed by Mein (1975) to assign middle Pleistocene bat remains
from La Fague (France) to M. myotis. Sevilla (1988) also applied this criterion in assigning bat
remains from several Quaternary Iberian sites. Dupuis (1986) and Menu & Popelard (1987)
distinguished the two species using the length of the tooth row (from canine to third molar)
and the molar row, both upper and lower. These authors also proposed the lengths of upper
first and second molars as diagnostic criteria. Finally, Ghazali (2009) developed a new
identification tool by obtaining canonical models of the lower molars and premolars based on
tooth biometry from Eastern European populations of the two species.

The first objective of this work is to characterize the cranial and dental biometrics of
the Iberian M. myotis and M. blythii. The second is to provide further morphometric data that
allow the determination of fragmentary skull remains and isolated teeth from Iberian
populations. A final aim is to recognize and quantify specific trends in the shape and cranial
proportions of each taxon which can be analysed in further studies on fragmentary fossil

remains.

2.  Material and methods

The sample studied here comprises a total of 120 individuals belonging to extant
Iberian populations and originally assigned to M. myotis (n=067) and M. bhthi (n=53)
(Appendix 1).

The specimens belong to the collections of the Museo de Ciencias Naturales de
Zaragoza, MCNZ (M. myotis, n=6, M. blythii, n=24); the Museo Nacional de Ciencias Naturales
de Madrid, MNCN-CSIC (M. myotis, n=10, M. blythii, n=06); and the Estacién Bioldgica de
Dofiana, EBD-CSIC (M. myotis, n1=51, M. blythii, n=23). The biometric analysis of the bat
crania is based on nine parameters following Arlettaz (1995, 1997), Bachanek & Postawa
(2010), Benda (1996), among others: CBL (condylo-basal length), CC (distance between the
upper canines), CM3 (length of upper tooth row from canine to third molar), CtB (maximum
width of the cranium base), CtL (total cranial length), IC (interorbital constriction width),
MIM3 (length of upper molar row), MM (distance between the upper third molars), ZB
(maximum width between the two zygomatic arches) (Figure 2a). The analysis of the
mandibles is based on nine parameters following Bachanek & Postawa (2010) and Jenrich et
al. (2012): cm3 (length of lower tooth row from canine to third molar), conan (distance
between the condylar and the angular processes of the ramus), conW (width of the condylar
process of the ramus), coran (distance between the coronoid and the angular processes of the
ramus), mIm3 (length of lower molar row), mdL (total mandible length), raH (height of
mandibular ramus) (Figure 2b). The analysis of the molars is based on 18 parameters
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measured, following Sevilla (1988); for the upper molars M1, M2, and M3: L; (greater length,
distance from the parastyle to the metastyle), L, (medium length, measuring the constriction
of the protoconal basin) and W (width, distance from the parastyle to the base of the
protocone) (Figure 2c); for the lower molars m1, m2, and m3: 1 (length, distance from the
paraconid to the hypoconulid), w; (trigonid width, distance from the metaconid to the
protoconid) and w: (talonid width, distance from the entoconid to the hypoconid) (Figure 2c).
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Figure 2. Scheme of the 34 parameters measured on the crania of genus Myotis (Chiroptera, Mammalia)
in the present work (description of the abbreviations in the Material and Methods section); a
measurements taken on the cranium, in dorsal and ventral views; b: measurements taken on the
mandible, in lateral and posterior views; c: measurements taken on the molars, in occlusal view, on the
upper left tooth row (top) and lower left tooth row (bottom).

Figura 2. Esquema de los 34 parametros medidos en los craneos del género Mpyotis (Chiroptera,
Mammalia) en este trabajo (descripcion de las abreviaturas en la seccion “Material and Methods”); a
medidas tomadas en el craneo, en vistas dorsal y ventral; b, medidas tomadas en la mandibula, en vistas
lateral y posterior; c: medidas tomadas en los molares, en vista oclusal, para la serie dental superior
(arriba) y la serie dental inferior (abajo).

The measurements of the crania and mandibles were taken using an electronic digital
caliper (Mitutoyo Digimatic Caliper CD-8” CX, Japan) with 0.01 mm theoretical precision.
The teeth were measured on photographs of the specimens taken by an Olympus SZ61
binocular stereo microscope with a LC20 camera at 1.5x magnification. All the measurements
are provided in mm.

A preliminary reassignment of all specimens was performed using the relation between
CrL and CM3 (following Arlettaz 1995; Arlettaz et al. 1997). As hybrid specimens occur in the
areas of sympatry and sometimes they have been reported to present cranial biometrics of one
of the parental forms but dental biometrics of the other (Bachanek & Postawa 2010), we also
employed the relation between M2(L;) and M1(L;) in order to observe whether the cranial and
molar parameters yield congruent results.

The free software PAST v.2.14 (Hammer et al. 2001) was employed for the statistical
processing of the measured data. A multivariate test (HOTELLING’S T° Bonferroni
corrected) was applied in order to test the homogeneity of the sample. A principal component
analysis (PCA) was performed in order to ascertain which of our selected variables exerted a
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major influence in characterizing the two groups of the sample. As all our variables were taken
in the same units (mm), we used variance-covariance matrices (non-standardized data). A
discriminant analysis was applied in order to provide predictive models for identifying the
individuals by their upper and lower molars, following Ghazali (2009). For each multivariate
analysis performed, all the specimens with missing values for more than 25% of the variables
were removed. The missing values of those specimens included in the analysis were imputed
using the EM algorithm (Dempster et al. 1977). Finally, in order to establish possible trends in
the cranial conformation of the two species leaving size out of account, several indices were
obtained by pairing parameters, and their statistical significance tested with I and t tests. The
box-and-whisker plots for the graphic visualization of the indices follow the convention of
assigning the lower and upper edges of the boxes to the 25-75 percent quartiles, respectively,
the line inside the boxes to the median, and the whiskers to the inner fence values (the largest
data point less than 1.5 times the box height from the box in the case of the upper inner
fences, and similarly below).

The datasets generated duting and/or analysed during the cutrent study are available
from the corresponding author on reasonable request.

3. Results
3.1. Testing the sample

In the preliminary reassignment using the CrL.-CM3 ratio, four in-collection specimens
labeled as M. blythii appeared grouped with M. myotis (Figure 3a, dots in light grey within the
black group), while nine in-collection specimens labelled as M. myotis appeared grouped with
M. bhythii (Figure 3a, dots in black within the light grey group). The M2(L;)-M1(L;) ratio
yielded congruent results to the CrL-CM3 reassignment except for five specimens previously
grouped in the M. bhythii cluster that now appear within the M. myotis one (Figure 3b, white
circles). Two were infant individuals still with deciduous teeth in some of the anterior alveoli
(although the permanent dentition had already erupted). Their still incomplete growth would
explain their small cranium size (similar to that of M. blythii) with a molar size large enough to
be M. myotis. These specimens were excluded from further study. The other three showed
different degrees of tooth wear, but plainly they were all already adults. These specimens with
incongruent results between the two reassignment tests have been removed from the
biometric characterization of the species but have been included in the PCA graphic
representations in order to observe the affinities that they present.

The specimens of known sex were analysed (myois=38, nuymi=20) in order to detect
possible sexual dimorphism within groups. No differences between males and females were
found on analysing the samples of M. myotis (the statistics for cranial parameters were as
follows: Hotelling’s t*: 31.76, F: 1.1803, p: 0.3527; for molar parameters, Hotelling’s t* 31.501,
F: 0.94897, p: 0.5415). No differences between males and females were found among the M.
blythii sample either (the statistics for cranial parameters were as follows: Hotelling’s t* 70.646,
F: 0.51945, p: 0.8218; for molar parameters, Hotelling’s t: 1087.1, F: 12.789, p: 0.02916). In
the case of molars, the results pointed to a greater degree of difference than previously, but p
is still not significant.
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Figure 3. Reassignment of the sample specimens; a, scatter plot of the relationship between CrL (total
cranial length, in mm) and CM3 (total length of upper tooth row, in mm), the specimens originally
assigned to M. blythii in grey dots, those originally assigned to M. myotis in black dots; b, scatter plot
of the relationship between M1(L1) (greater length of the first upper molar, in mm) and M2(LL1) (greater
length of the second upper molar, in mm), the specimens reassigned by cranial size to M. blythiiin grey
dots, those reassigned to M. myotis in black dots, specimens with cranial size as M. blythii but molar
size as M. myotis in white circles.

Figura 3. Reasignacion de los especimenes de la muestra; a, grafico de dispersion de puntos, relacion
entre CrL (longitud total del craneo, en mm) y CM3 (longitud total de la serie dental superior, en mm),
los especimenes originalmente asignados a M. blythii en puntos grises, los originalmente asignados a
M. myotis en puntos negros; b, grafico de dispersiéon de puntos, relacion entre M1(L1) (longitud
maxima del primer molar superior, en mm) and M2(L1) (longitud maxima del segundo molar superior,
en mm), los especimenes reasignados mediante las medidas craneales a M. blythii en puntos grises, los
reasignados a M. myotis en puntos negros, los especimenes con tamaifio craneal dentro de la variaciéon
de M. blythii pero el tamafio de los molares dentro de la variaciéon de M. myotis en circulos blancos.

When testing the homogeneity of the whole sample, important differences were found
between the two a priori distinguished groups (Hotelling’s t*: 1808.3, F: 34.108, p: 5.992x107),
so they most likely represent two different species.

3.2.  The skull biometrics

3.2.1. The cranium

The items measuring antero-posterior cranial lengths (CrL, CBL, CM3, and M1M3)
show small or non-existing overlapping values in the sample studied here, but the overlap is
notable in lateral cranial breadths (CC, MM, IC, ZB and CtB) (Table 1). In the PCA
performed (matrix: v=9, Nmyois=55, Nuiymi=40), the first three principal components accounted
for 95.3 % of the total variation (Table 2, PCA cranium). The scatter plot obtained (Figure 4a)
shows two well-separated groups. The three non-fitting specimens detected in the preliminary
reassignment fall within the 95% confidence ellipse of M. bhythii. And there are two outliers in
the M. biythii cluster (Figure 4a). All the original variables have positive loadings on PC1; thus,
it can be assumed that this component is an indicator of size. All the parameters show strong,
positive correlations (the major loadings corresponding to antero-posterior lengths CrL, CBL,
and CM3) except for IC (Table 2, cranium PCA). By contrast, antero-posterior lengths have
negative values in PC2, where the major positive loading is given by ZB (a lateral breadth) and
major negative loading by CrL; major loadings on PC3 are given by CC and MM (also lateral
breadths) (Table 2, PCA cranium). Several indices connecting the antero-posterior length of
the cranium to different lateral breadths, as well as indices connecting the parameter IC to
other lateral breadths, were analyzed. The most marked differences between the two species
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were exposed by the indices ZB/CBL, IC/CBL, IC/ZB and 1C/CtB (Figure 5, Table 3).
Myotis myotis presented lower values than M. blythii in all cases. However, the indices do not

provide clear-cut differences between the two species.

Myotis myotis Myotis blythii
n min  max M SE SD CV n min max M SE SD Cv
CrL 55 2215 2404 2320 0060 0436 1879 45 1917 2183 21.10 0.077 0516 2445
LCB 52 2090 2312 2224 0062 0445 2003 46 1861 2098 2023 0073 0497 2458
Cm3 55 943 1037 983 0025 0182 1842 46 7.89 9.14 875 0038 0259 2966
MIM3 54 554 6.04 575 0018 0132 2297 44 482 543 512 0020 0.130 2541
CC 54 546 6.49 609 0032 0232 3813 46 483 6.00 562 0038 0256 4554
MM 55 886 1033 971 0041 0303 3126 46 7.77 9.70 887 0051 0346 3.896
IC 55 501 5.77 537 0021 0156 2896 46 479 5.56 523 0024 0164 3144
ZB 52 1370 1554 1479 0054 0386 2608 41 1159 1427 1379 0067 0430 3.116
CrB 54 978 1139 1070 0.046 0335 3134 46 937 1055 1001 0041 0281 2.803
mdL 53 1745 1898 1819 0.046 0333 1.829 46 1481 1706 16.60 0.064 0432 2602
cm3 55 1002 1100 1061 0.028 0207 1956 47 839 9.99 936  0.042 0286 3.060
mlm3 53 614 6.80 642 0023 0165 2578 47 532 6.05 570 0021 0.143 2514
raH 54 524 6.43 591  0.041 0300 5080 47 402 5.75 500 0.061 0417 8341
conan 54 263 3.74 346 0027 0196 5660 47 243 3.52 311 0027 0182  5.862
coran 53 501 7.23 671 0040 0289 4300 47 507 6.38 605 0041 0280 4.634
conW 54 194 2.96 259 0026 0188 7232 47  1.68 2.54 233 0027 0188  8.099
M1 (W) 56 220 2.67 245 0013 0100 4088 46 197 241 217 0014 0.095 439%4
M1 (@Ly) 56 228 2.75 250 0014 0103 4105 46 191 2.35 214 0015 0100  4.662
Mi(@:) 56 143 1.74 1.60 0009 0069 4294 46 124 1.49 1.37 0010 0.069  5.016
M2 (W) 56 277 321 298 0014 0106 3559 46 250 2.89 265 0014 0093 3491
M2(@Ly) 56 231 2.63 247 0010 0078 3166 46 198 2.39 218 0013 0.089  4.091
M2 56 133 1.73 156 0010 0077 4948 46 1.27 1.49 1.37 0008 0.056  4.085
M3 (W) 56 253 2.90 270 0012 0089 3303 46 226 2.78 251 0015 0104 4144
M3(@Ly) 56 1.84 221 201 0010 0077 3846 46 157 2.19 195 0015 0.104  5.369
M3 (L) 56 077 1.04 090 0009 0065 7182 46 072 1.00 0.85  0.009 0064 7556
ml (w1) 55 1.37 1.69 1.53 0011 0082 5365 48 1.19 1.51 1.30 0010 0.072  5.502
ml(wz2) 56  1.56 1.88 172 0011 0083 4844 48 137 1.65 149 0008 0.058  3.879
ml(d) 56 203 2.38 220 0010 0073 3331 48 187 2.15 201 0010 0069 3424
m2(wy) 56 148 1.98 1.69 0014 0107 6318 48 130 1.69 145 0013 0.092  6.347
m2(wz) 56 159 1.93 1.77 0012 0087 4930 48 141 1.68 1.53 0009 0.061 3.997
m2(1) 56 220 247 233 0008 0062 2675 48 192 2.21 207 0010 0070 3359
m3 (w1) 56 133 1.74 1.53 0012 0089 5827 48 117 1.49 131 0010 0.070 5.296
m3 (w2) 56 067 1.10 089 0010 0.078 8708 48 0.75 1.02 0.89  0.009 0062 7.011
m3(1) 56 182 2.31 1.99 0011 0080 4.030 48 1.1 1.90 1.78 0009 0.063 3.520

Table 1. Biometric characterization of the Iberian M. myotis and M. blythii, n: number of measured
specimens; min: minimum value of the sample (mm); max: maximum value of the sample (mm); M:
mean value (mm); SE: standard error (mm); SD: standard deviation (mm); CV: coefficient of variation

(%).

Tabla 1. Caracterizacion biométrica de las poblaciones ibéricas de M. myotis y M. blythif; n: namero de
especimenes medidos; min: valor minimo de la muestra (mm); max: valor maximo de la muestra (mm);
M: valor medio de la muestra (mm); SE: error estandar (mm); SD: desviacién estandar (mm); CV:
coeficiente de variacion (%).
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Cranium PCA Mandible PCA
PC Eigenvalue % variance PC Eigenvalue % variance
1 3.707 90.627 1 1.835 88.255
2 0.128 3.127 2 0.105 5.051
3 0.065 1.579 3 0.062 2.980
4 0.061 1.486 4 0.040 1.912
5 0.046 1.117 5 0.019 0.897
6 0.031 0.757 6 0.011 0.549
7 0.025 0.609 7 0.007 0.357
8 0.017 0.424
9 0.0113 0.276
Jolliffe cut-off: 0.3181 Jolliffe cut-off: 0.2079
: Axis 1 Axis 2 Axis 2 . Axis 1 Axis 2 Axis 2
Variable (coef) (coef) (coef) Variable (coef) (coef) (coef)
CtL 0.582 -0.355 0.451 mdL 0.657 -0.390 0.123
CBL 0.570 -0.268 -0.542 cm3 0.485 -0.132 -0.361
CM3 0.306 -0.112 -0.036 mlim3 0.265 -0.207 -0.404
M1M3 0.162 -0.095 0.084 raH 0.372 0.877 -0.221
CC 0.147 0.262 0.253 conan 0.157 0.0601 0.382
MM 0.246 0.402 0.534 coran 0.292 0.118 0.044
IC 0.042 0.070 -0.038 conW 0.125 0.040 0.287
ZB 0.302 0.044 -0.378
CtB 0.202 0.363 -0.045
Upper molar row PCA Lower molar row PCA
PC Eigenvalue % variance PC Eigenvalue % variance
1 0.159 78.871 1 0.130 82.397
2 0.0118 5.838 2 0.012 7.854
3 0.010 5.093 3 0.006 3.912
4 0.007 3.339 4 0.003 1.802
5 0.005 2.339 5 0.002 1.253
6 0.003 1.653 6 0.002 1.028
7 0.003 1.241 7 0.001 0.776
8 0.002 0.978 8 0.001 0.681
9 0.001 0.650 9 0.000* 0.299
Jolliffe cut-off: 0.01564 Jolliffe cut-off: 0.0123
. Axis 1 Axis 2 Axis 2 . Axis 1 Axis 2 Axis 2
Variable (coef) (coef) (coef) Variable (coef) (coef) (coef)
M1 (W) 0.393 0.159 -0.489 m1 (wy) 0.356 -0.172 -0.209
M1 (L1) 0.479 -0.582 0.0442 ml (w2) 0.360 -0.126 -0.167
M1 (L2) 0.303 0.139 0.109 ml1 (1) 0.273 0.546 -0.169
M2 (W) 0.459 0.256 -0.369 m2 (w1) 0.413 -0.381 -0.173
M2 (L1) 0.384 -0.239 0.390 m2 (W2) 0.384 -0.201 0.027
M2 (L2) 0.263 0.068 0.217 m2 (1) 0.359 0.562 -0.037
M3 (W) 0.280 0.555 0.037 m3 (w1) 0.354 -0.229 0.110
M3 (L1) 0.126 0.413 0.596 m3 (w2) 0.048 -0.186 0.713
M3 (L2) 0.126 0.105 0.237 m3 (1) 0.309 0.261 0.589

Table 2. Summary of the four PCAs performed: the cranium analysis (top left), the mandible analysis
(top right), the upper molar row analysis (bottom left), and the lower molar row analysis (bottom right).
The amount of variance explained by each principal component (PC) expressed as Eigenvalues and
percentages; the loadings of the items on each of the three first axes expressed as regression coefficients

(coef).

Tabla 2. Resumen de los cuatro PCAs realizados: el analisis del craneo (arriba izquierda), el analisis de
la mandibula (arriba derecha), el analisis de la serie molar superior (abajo izquierda), y el analisis de la
serie molar inferior (abajo derecha). La varianza explicada por cada componente principal (PC) se
expresa en Valores propios y porcentajes, la carga de cada parametro sobre cada uno de los tres

primeros ejes se expresa en coeficientes de regresion (coef).
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3.2.2. The mandible

The items measuring the antero-posterior lengths of the mandible (mdL and cm3)
show values with a low degree of overlap between the two species (Table 1). The overlap is
greater for the items measured on the mandibular ramus. Particularly notable is the greater
variation in raH values shown by M. blthii in comparison to M. myotis (Table 1). The PCA
(mattix: v=7, Nmyois=55, Npiymi=47) showed that the first three principal components accounted
for 96.3 % of the total variation (Table 2, mandible PCA). The two groups appear well
separated in the scatter plot. The non-fitting specimens fall within the 95% confidence ellipse
of M. bhythii (Figure 4b). There are two outliers in the M. bhthii cluster that are the same
specimens than in the cranium PCA (Figure 4b). As in the previous case, all the original
variables have positive loadings on PC1. The mandible parameters generally show quite
strong, positive correlations among one another, with the major loadings given by the antero-
posterior lengths mdL and cm3, but they are somewhat smaller for the parameters related to
the condylar process, with the lowest loading corresponding to conW, the only lateral breadth
measured (Table 2, mandible PCA). The antero-posterior lengths have negative values in PC2,
where the major positive loading corresponds to raH (a dorso-ventral height) and the major
negative loading to mdL. In PC3, the items coran and conan present the greatest weights
(Table 2, mandible PCA).

Several indices connecting the parameters of the mandibular ramus to the antero-
posterior length of the mandible, as well as indices connecting the parameters of the
mandibular ramus to each other, were analyzed. The most marked differences between the
two species were observed in raH/mdL, conan/raH, coran/raH, and conW/raH (Figure 5,
Table 3). Myotis blythii shows lower values for raH/mdL, whetreas M. myotis shows lower values
for the other three indices. As previously, no clear-cut differences between the two species are
shown, although coran/raH yields a reasonable degree of difference.

3.3. The molar biometrics

3.3.1. The upper molar row

The lowest degree of overlap among measurements is observed in the antero-postetior
lengths of M1 and M2; on the other hand, there is quite a wide range of overlapping values for
the parameters relating to M3 (Table 1).

The PCA (matrix: v=9, imyois=55, Nuymi=40) showed that the first three principal
components accounted for 89.8 % of the total variation (Table 2, upper molar row PCA). The
scatter plot presents two well-separated groups, with the non-fitting specimens grouped within
(or very close to) the 95% confidence ellipse of M. myotis (Figure 4c). All the original variables
show positive loadings on the first component. The parameters relating to M1 and M2 show
relatively strong correlations between one another, in descending order the major loadings are
given by M1(Ly), M2(W), M1(W), and M2(L). M3(W) shows a notable correlation with the
parameters of the other two molars, but not M3(Li) and M3(L,), which present the lowest
loadings on PC1 (Table 2, upper molar row PCA). The variables measuring M3(W) and
M3(Li) have the major positive loadings on PC2, and the greatest negative value is given by
M1(Li). M3(L1) gives the greatest positive loading on PC3 (Table 2, upper molar row PCA).
When analyzing the ratio of the parameters of length and width for the same molar, or for one
molar with another molar, or for one molar with the total length of the molar row, the most
marked differences between the two species were observed in M3(Li)/M3(W),
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M3(W)/M2(W), M3(Li)/MIM3, and M3(W)/MIM3 (Figure 5, Table 3). These all showed
lower values for M. myotis (Figure 5). Notable differences were also observed in the
relationships M2(L;)/M1M3 and M1(L;)/M1M3, with lower values for M. blythii, but these

were reporting the same phenomenon as the previous values, as the relative length of M3 was
larger in this species.

3.3.2. The lower molar row

The lowest degree of overlap among measurements is observed in the antero-postetior
lengths (I) of both m1 and m2; by contrast, there is quite a wide range of overlapping values

for the parameters relating to m3, as well as the labio-lingual widths of the trigonid (w1) and
the talonid (w2) of m1 and m2 (Table 1).
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Figure 4. PCA scatter plots; a: analysis of the cranium; b: analysis of the mandible; c: analysis of the
upper molar row; d: analysis of the lower molar row. The first and second principal components were
employed as axes; eigenvalue scale; 95 % confidence ellipse of each group represented; M. blythii in
grey dots, M. myotis in black dots, anomalous individuals in white circles.

Figura 4. Graficos de dispersion de los PCA; a: analisis del craneo; b: analisis de la mandibula; c:
analisis de la serie molar superior; d: analisis de la serie molar inferior. Se han empleado como ejes los
components principales primero y segundo; escala de valor propio; elipses del 95 % de confianza de

cada grupo representadas; M. blythii en puntos grises, M. myotis en puntos negros, individuos
an6émalos en circulos blancos.
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Figure 5. Box-and-whisker plots of the indices found to express the greatest differences between the
two species; M. myotis in dark grey, M. blythii in light grey; the black dots represent the outliers.

Figura 5. Diagramas de caja de los indices que expresan las mayores diferencias entre las dos especies;
M. myotis en gris oscuro, M. blythii in gris claro; los puntos negros representan valores atipicos.
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The PCA (matrix: v=9, Nmyois=57, nuymi=48) showed that the first three principal
components accounted for 94.2 % of the total variation (Table 2, lower molar row PCA). In
the scatter plot obtained, the two groups appear well separated. Two of the non-fitting
specimens appeared within the 95% confidence ellipse of M. myotis and one in the M. bhythii
ellipse (Figure 4d). All the original variables show a strong correlation to each other, with high
positive loadings on PC1 except for m3(w>), and the greatest loadings are given by m2(wi) and
m2(w) (Table 2, lower molar row PCA). All items measuring lateral widths have negative
coefficients in PC2, where the largest positive loadings are given by m2(l) and m1(l), and the
largest negative loading by m2(wi). Major loadings on PC3 are given by m3(wz) and m3(])
(Table 2, lower molar row PCA). The values obtained for several indices were analyzed as in
the previous cases (Fig 5, Table 3). The main differences between the species observed for m3
wete given by the relationships m3(wz)/m3(wi) and m3(w2)/m3(l), with lower values for M.
myotis (Figure 5). The indices showing the main differences for m2 were m2(wi)/m2(l) and
m2(wy)/m2(l), with lower values for M. blythii (Figure 5). The indices showing the main
differences for m1 were m1(wi)/m1(l) and m1(w2)/m1(l), both with lower values for M. blythii;
and m1(l)/m1m3, with lower values for M. myotis (Figure 5).

F p t p
ZB/CLB 1,032 0,908 4,463 0,000%
IC/CLB 1,040 0,888 9,077 0,000*
IC/ZB 1,345 0,318 -5,904 0,000%
IC/C:B 1,345 0,318 -5,904 0,000*
raH/mdL 2,757 0,000 5,906 0,000%
conan/raH 3,828 0,000 -3,993 0,000*
coran/raH 3,539 0,000 4,862 0,000%
conW/raH 1,740 0,052 -3,525 0,000%
M3(L1)/M3(W) 1,289 0,361 4,203 0,000%
M3(W)/M2(W) 1,285 0,383 6,479 0,000*
M3(L1)/M1M3 1,008 0,988 7,583 0,000%
M3(W)/MI1M3 1,143 0,654 -4,695 0,000*
m1(w1)/mi(l) 1,309 0,347 5,360 0,000%
m1(w2)/mi(l) 1,337 0,312 7,979 0,000*
m2(wl)/m2(l) 1,042 0,877 2,901 0,0045
m2(w2)/m2(1) 1,173 0,578 2,952 0,0039
m3(w2)/m3(1) 1,505 0,154 4912 0,000%
m3(w1)/mi(l) 1,170 0,587 -10,641 0,000%
m1(l)/mim3 1,352 0,293 4,197 0,000*

Table 3. F and t statistics for the indices found to express the greatest differences between the two
species.

Tabla 3. Estadisticos F y t para los indices que expresan las mayores diferencias entre las dos especies.
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3.3.3. Predictive models for molars in extant Iberian populations

A total of 14 discriminant functions were obtained on the basis of the molar
parameters measured in this work. For all these functions, those individuals yielding values
above 0 will probably belong to M. myotis, whereas individuals with values under 0 will belong
to M. biythiz. The majority of the models present a reasonably high quality of prediction (above
95 %) except model ¢ (for isolated M3) (Table 4). In general, the models for the upper molar
row show higher values for predictive quality than those for the lower row. When considering
isolated molars, the predictive quality is greater for the first and the second molars than for the
third molar of both the upper and lower rows. Finally, the predictive quality of the models
increases when more than one tooth is taken into account.

coefficients: predictive
model molar W) Ly) o) constant quality
a M1 14.996 24.685 27.341 135.4690 98.02%
b M2 24.169 34.238 22.345 180.026 100%
c M3 23.503 -2.7526 15.063 68.8935 90.01%
M1 3.6624 14.793 15.255
0
d M2 17.058 25.405 12.887 191.146 100%
M2 27.079 39.493 22.622
185.274 100 %
€ M3 2.4416 -19.26 18.525 !
M1 11.574 35.422 18.205
f 189. 100 ¢
M3 19.413 -13.659 34.297 89.345 00 %
M1 5.1514 23.717 9.1204
g M2 15.077 26.78 12.544 215.338 100 %
M3 9.8933 -20.21 30.09
coefficients: predictive
model molar (w1) (w2) ()] constant quality
h ml 9.077 26.412 26.622 111.444 97.17%
i m2 -4.9247 34,612 36.17 129.261 97.17%
j m3 26.103 -35.468 45.442 91.2434 96%
ml 20.407 6.1622 -1.2507
k 193.14 100 9
m2 27.205 47.864 54.919 o
m2 -12.449 55.227 51.069
1 195.28 99.03 9
m3 3.4462 -38.903 21.877 5285 %
ml 19.585 17.72 23.145
164.182 100 9
m m3 8.3214 -40.279 44,324 64.18 00 %
ml 33.569 -0.66253 -3.403
n m2 -30.369 58.278 49.285 205.567 99.03 %
m3 -3.5958 -41.473 27.42

Table 4. Coefficients and constants provided for the discrimination functions obtained for each model,
and the predictive quality of the models. On the top, models for the upper molar row; on the bottom,
models for the lower molar row.

Tabla 4. Coeficientes y constantes de las funciones discriminantes obtenidas para cada modelo, y el

poder predictivo de dichos modelos. Arriba, modelos para la serie molar superior; abajo, modelos para
la serie molar inferior.
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4. Discussion

4.1. Intraspecific variability and non-fitting specimens

As suggested in previous works on the cranial biometrics of these two sibling species,
there is no sexual dimorphism (Arlettaz 1995; Bachanek & Postawa 2010). The PCAs on
cranium and mandible traits showed two outliers in the M. bhythii cluster (Figure 4b). The
permanent dentition had already outcropped in all, but we observed that the teeth did not
show any wear. Considering that the two individuals fall within the M. bhythii cluster when
molar traits were analysed, the outlying position in the first two PCAs probably reflect their
still ongoing growth; i.e., they did not yet attain the adult size. Regarding the three non-fitting
individuals, all of which are adults, the PCA results reflect the same incongruence as the
preliminary reassignment tests in at least two of the specimens, which fall within the M. blythii
cluster when cranium and/or mandible parameters are analysed, but within the M. myotis
cluster when the molar parameters are studied (Figure 4). The third specimen falls within the
M. blythii cluster when the cranium, mandible, and lower molar parameters are analysed, and
close to the M. myotis cluster when the upper molar parameters are under analysis. A possible
explanation for these characteristics could be the occurrence of hybridization. Hybrid
specimens are known to occur in areas where the two species live in sympatry (Afonso et al.
2017; Bachanek & Postawa 2010; Berthier et al. 2006). Bachanek & Postawa (2010) reported
hybrids from the Carpathian Basin that were similar in skull size to M. myotis but have a tooth-
row configuration similar to M. blythii, in contrast to our results. The authors argued that in
many cases of interbreeding among closely-related species of small mammals, the first
generation of hybrid specimens rarely shows intermediate forms but rather inherits most of
the features from one of the parental forms, although in some aspects they may present
characters of the other parent, or display heterotic effects differing from both of the parents.
The non-fitting individuals detected here could indeed be hybrids, but no definitive
affirmation can be made in this regard without a genetic analysis of the specimens.

4.2. Differences in size

The results corroborate the existence of significant differences in cranial size between
the two groups, as established by many previous works on this feature (Arlettaz 1995, 1997;
Bachanek & Postawa 2010; Benda & Horacek 1995a, 1995b; Evin et al. 2008; Furman et al.
2014). Both the cranial and the molar analysis indicated that the main differences between the
two species are due to size (as indicated by Arlettaz 1995, 1997; Benda & Horacek 1995a,
1995b; Dupuis 1986; Menu & Popelard 1987; Sevilla 1988; Topal & Tusnadi 1963; among
others), and that these differences in size are mainly expressed by the antero-posterior lengths
of the skull. The following biometric parameters have been found to provide the best
differentiation between extant Iberian M. myotis and M. blythir: for cranial and mandible traits
CrL, CBL, CM3, mdl, and cm3; for molar traits M1(L:), M2(W), M2(L,), m2(l), m2(w>),
ml(wz), and ml(wz). All these items have been employed in the previous literature as
discriminating tools (Arlettaz 1995, 1997; Benda & Horacek 1995a, 1995b; Dupuis 19806;
Jenrich et al. 2012; Menu & Popelard 1978; de Paz and Benzal 1991; among others), although
our results provide slightly lower values for both species (specially for M. myotzs). This is due to
having focused our study on extant Iberian populations, which are smaller in size than other
populations from continental Europe (Atlettaz 1995, 1997; Benda & Horacek 1995a, 1995b;
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Sevilla 1988; Topal & Tusnadi 1963; among others). Thus, the biometrics given here are better
fitted for the purpose of identifying Iberian specimens of large Myotis and may prove helpful
in assigning the fragmentary fossil material that in many cases remains undetermined. Further,
we here provide several predictive models based on molar measurements for this purpose,
following the work of Ghazali (2009). The predictive quality of models ¢ and j (Table 4), for
molars M3 and m3, respectively, is weaker than that of the models for isolated first and
second molars (both upper and lower). This is consistent with the fact that the first and
second molars show clear-cut differences in size between the two species in our sample, as
was also observed in lower teeth by Ghazali (2009). The models for lower molars provided by
Ghazali (2009) based on FEastern European samples have been applied to Iberian samples, and
their predictive quality compared with the quality of our models. The amount of correctly
assigned specimens was almost equal in the two cases; unlike univariate or bivariate analyses,
multivariate models based on extant Iberian populations do not provide a cleatly superior
diagnostic quality when applied to Iberian samples than models based on populations from
other regions. Nevertheless, here we provide reliable models for upper molars and also for the
combination of m1 and m3 as a complementary tool (Table 4).

4.3. Differences in shape

Here we observe that M. myotis shows a major degree of cranial elongation together
with a relatively lower interorbital constriction width, whereas M. blythii is characterized by a
relatively broader cranium and a shorter rostrum. This confirms studies of previous authors
who already established these differences using other approaches (e.g., Evin et al. 2008;
Jenrich et al. 2012; Ghazali & Dzeverin 2013). Evin and colleagues (2008) interpreted them as
being the result of different feeding adaptations. Both species have an insectivorous,
durophagous diet (Ghazali & Dzeverin 2013). Myotis myotis feeds on a relatively harder diet
than M. blythii (Arlettaz 1996; Evin et al. 2008), and so a more robust cranium and shorter
rostrtum should be expected according to Freeman (1981, 2000). However, Ghazali and
Dzeverin (2013) indicated that this pattern is not shown by these two Myotis species, where the
larger cranial size of M. myotis apparently allows a stronger masticatory musculature in spite of
having a relatively more elongated skull and rostrum.

The two species also differ in the shape of the mandibular ramus. Myotis myotis shows a
tendency to have higher rami, with less projected condylar and angular processes and
narrower condyles than the other species. By contrast, M. blythii is characterized by lower rami,
and by condylar and angular processes that project posteriorward more markedly. A
mandibular ramus with higher coronoid processes in M. myotis has also been described in
Jenrich et al. (2012), and the development of higher coronoid processes in genus Myotis has
been associated with harder diets by Ghazali & Dzeverin (2013).

In M. myotis the length and width of M3 are reduced in comparison to the length of the
upper tooth row, confirming Jenrich et al. (2012). Also the m3 talonid is reduced (in
agreement with, e.g., Topal & Tusnadi 1963; Mein 1975; Sevilla 1988; Jenrich et al. 2012), and
the m1 length is shortened. This might reflect dietary adaptation. According to Ghazali &
Dzeverin (2013), the contribution of the second molars to the total area of the molar row
increases significantly with increasing hardness of the diet in genus Myozzs. Myotis blythii shows
a tendency to compress ml and m2 laterally, producing a more elongated shape in the
direction of the tooth row (a characteristic also indicated by Jenrich et al. 2012); the more
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robust lower molars in M. myotis by comparison could also be an adaptation to a harder diet.
The shape of the lower molar row shows greater differences between the species than the
upper one. Finally, although the degree of reduction of the m3 talonid in M. myotis has been
considered diagnostic (Lopez-Garcia 2011; Mein 1975; Sevilla 1988; Topal & Tusnadi 1963;
among others), we found that it is not a valid criterion by itself. Our results show a non-
negligible amount of ovetlap between the two taxa for the index m3(wz)/m3(l). The ovetlap is
smaller when the reduction of the talonid is compared to the trigonid width instead of the
total length of the molar, i.e., index m3(w2)/m3(w1) (Figure 5). Although the indices presented
here (Figure 5) cannot be employed as diagnostic criteria (they do not show a clear-cut
differentiation between M. myotis and M. blythii), they do allow a quantitative evaluation of the
differences in anatomical traits between the two species.

5.  Conclusions

The cranial and molar biometry of a sample of the extant Iberian populations of the
M. myotis/ M. blythii complex was studied here. Two forms can be distinguished beyond any
doubt, corresponding to the two species M. myotis and M. blythii s). Three individuals that
showed incongruent results in the preliminary reassignment tests also displayed opposite
affinities when the cranial or dental parameters underwent PCA. Hybridization could explain
the characteristics of these specimens, but this cannot be confirmed definitively without
genetic analysis.

In this work we corroborate that there are no significant differences due to sex in the
size and proportions of the cranium and the molars of these species. Our work also
corroborates that even if the amount of size overlap between the two species is non-negligible,
some cranial and dental parameters allow a reasonably good differentiation. According to our
results these parameters are the antero-posterior lengths of the cranium and mandible, and the
traits of the first and second upper and lower molars. The set of parameters provided here are
measured exclusively on extant Iberian large Myotis populations and may prove helpful in
assigning the fragmentary fossil material from Iberian sites that remains undetermined. As a
new feature, we present predictive models for isolated molar identification, not only for lower
molars but also for the upper ones. In this work we also present a set of indices that allow a
quantitative evaluation of the differences in anatomical traits between the two taxa. By means
of these indices, a general trend towards a major elongation of the skull in M. myotis together
with some gracilization of the rostrum can be recognized, mainly expressed in this species as a
narrower interorbital constriction. In M. bhythii, the lateral surface of the muscle insertions of
the mandibular ramus is projected posteriorward more markedly, and the condyle is wider
than in M. myotis, where the ramus is projected in a dorsal direction. M. myotis presents a
reduction in the relative size of M3 and m3, as well as a shortened m1, whereas M. bhythii
shows a more laterally compressed, less robust m1 and m2. Most of these differences are
probably related to feeding adaptations. Although their use as diagnostic tools should be
cautious due to the wide degree of overlap between the two species (even the reduction index
of the m3 talonid, which has been widely used in the previous literature), this approach can be
applied to the study of fragmentary fossil remains in order to observe if the two taxa have
maintained these anatomical traits through time.

In further studies, we plan to compare these extant data with our Pleistocene fossils
from Atapuerca and other Iberian paleontological sites.
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Los murciélagos fosiles del
Pleistoceno Inferior de la Unidad
Inferior Roja de Sima del Elefante
(Atapuerca, Espana)

The fossil bat assemblage of Sima del Elefante Lower Red Unit
(Atapuerca, Spain): first results and contribution to the
palaeoenvironmental approach to the site

Los quirépteros fosiles de la Unidad Inferior Roja de Sima del Elefante (TELRU) en la Sierra de Atapuerca
(Burgos, Espafia), de edad Pleistoceno Inferior, se han analizado exhaustivamente por primera vez. Las
asociaciones fosiles de murciélagos pueden ser de particular relevancia en la realizacién de la aproximacion
paleoambiental de un yacimiento. En este trabajo se integran los nuevos datos acerca de la fauna de
quirdpteros fosiles con los datos proporcionados por otros autores en base a las asociaciones de otros
pequefios vertebrados y la palinologia del yacimiento. Los resultados aqui obtenidos son consistentes con
resultados anteriores, ya que indican un clima en general mas cilido que el actual en el area, asi como
condiciones ambientales estables a lo largo de la mayor parte de la secuencia TELRU. Sin embargo, las
asociaciones de murciélagos fosiles a veces conducen a problemas cuando se usan para la reconstruccion del
paisaje. Estos problemas se discuten aqui y se deben tener en cuenta en trabajos futuros.

The fossil bat assemblage from the Lower Red Unit of Sima del Elefante (TELRU) in the Sierra de Atapuerca
(Burgos, Spain), aged Early Pleistocene, has been exhaustively analysed for the first time. Bat fossil
assemblages can be of particular relevance to palacoenvironmental approaches to sites. Here we integrate the
new data on the chiropteran fauna with the data previously provided by other authors on the basis of the
small-vertebrate assemblages and the palynology of the site. The results here obteined are consistent with the
earlier results in that they indicate a generally warmer climate than at present in the area and stable
environmental conditions throughout the major part of the TELRU sequence. However, fossil bat
assemblages sometimes lead to problems when they are used in landscape reconstruction. These problems are
discussed here and should be taken into account in future works.
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1. Introduction

Fossil chiropteran assemblages are interesting palacoenvironmental indicators in
Quaternary sites mainly due to the specific habitat preferences of bats. Bats are only
occasionally preyed upon by owls and other predators such as carnivorous mammals, snakes
or lizards, which means that frequently they are hardly represented in fossil small-vertebrate
assemblages (Garcfa et al. 2005; Kowalski 1995; Rosina & Shokhrin 2011; Sommer et al.
2009). In some circumstances, however, the formation of exceptionally abundant, well-
preserved fossil bat assemblages may occur within karst-cavity fillings as the thanatocoenosis
generated when the individuals of a bat colony roosting inside the cave die and accumulate in
situ (Lopez-Garcia & Sevilla 2012). Thus, as bat assemblages are not necessarily produced by
the same processes as other small-vertebrate assemblages, we think that they may provide a
valuable independent source of palacoenvironmental information. This confers great
importance upon the study of this group of flying mammals. The fossil bat assemblage from
the Lower Red Unit of Sima del Elefante (TELRU) in Atapuerca (Burgos, Spain) has been
exhaustively analysed here for the first time. The Sima del Elefante site in the Sierra de
Atapuerca (Figure 1), also called Trinchera Elefante (TE), is an archaeo-palacontological
locality where some of the oldest European hominine remains have been found. More
specifically, an incomplete jaw bone was recovered in level TE9c, ca ~1.22 Ma, which is the
oldest hominin fossil found in western Europe and was provisionally attributed to Homo
antecessor (Carbonell et al. 2008) although it is currently under revision (Bermudez de Castro et
al. 2011). The study of this level together with the other levels that make up the Early
Pleistocene stratigraphic sequence of TE, known as TELRU (Trinchera Elefante-Lower Red
Unit), is of great importance in understanding the physical and ecological factors that led to
the rapid occupation of Europe by hominins, as well as the evolution of these hominins. The
analysis of the fossils of small vertebrates from TELRU such as insectivores, rodents,
lagomorphs, amphibians and squamate reptiles has already been employed success-fully as part
of a palacoenvironmental approach to the site (Blain et al. 2010; Cuenca-Bescos et al. 2013,
2015; Rodriguez et al. 2011; Cuenca-Bescés & Rofes, 2004; Rofes & Cuenca-Bescos, 2009b).
However, the remains of chiropters from the site have remained pootly studied to date. Here
we integrate our new data on the chiropteran fauna of the site with the data provided by these
previous works. In addition, this study is of particular importance since the Iberian fossil bat
assemblages reported from this time period (such as those from the Guadix-Baza sites or the
Almenara-Casablanca site) are rather scarce (Agusti et al. 2011; Sesé & Sevilla 1996; Sevilla
1988).

2. The locality

The Sierra de Atapuerca (Burgos, Spain) rises about 1080 m a.s.l. (meters above sea
level), dominating the flat landscape of the Castilian plains. It comprises a set of Quaternary
localities containing a very complete stratigraphic and palacontological record (Figure 1). The
deposits—which have been studied and dated in great detail—are detritic sediments filling a
complex karst system which was developed in the Cretaceous limestone of the area during the
Pliocene and FEarly Pleistocene. The Sima del Elefante stratigraphic section (Figure 1)
comprises 16 excavated levels (from TE7 to TE21), grouped into three sedimentary phases.
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Figure 1. Geographical and geological location of the Sima del Elefante site; a: location of the Sierra de
Atapuerca (Burgos) in the Iberian Peninsula; b: schematic plan of the Sierra de Atapuerca karstic
system (modified from Ortega et al. 2013); c: Sima del Elefante simplified stratigraphic profile (modified
from Cuenca et al. 2013); d: TELRU stratigraphic sequence (modified from Blain et al. 2010).

Figura 1. Situacion geografica y geolégica del yacimiento de la Sima del Elefante; a: localizacion de la
Sierra de Atapuerca (Burgos) en la peninsula ibérica; b: esquema en planta del sistema karstico de la
Sierra de Atapuerca (modificado de Ortega et al. 2013); c: perfil estratigrafico simplificado de la Sima
del Elefante (modificado de Cuenca et al. 2013); d: columna estratigrafica de la secuencia de TELRU
(modificado de Blain et al. 2010).

The lower phase of TELRU studied in the present paper ranges from TE7 to TE14.
The site was an old output point for groundwater flow from the intermediate level of the
Cueva Mayor Complex (Ortega et al. 2013). By the time that TELRU was deposited the
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opening of the pit was suspended on the mountain slope due to the fall of the base level,
becoming a cave entrance which connected this intermediate level of Cueva Mayor—a vadose
karst-conduit by then—with the outside. The TELRU levels are formed by detritic sediments
from the immediate vicinity, displaying a marked inclination of the strata. Furthermore, they
are extremely rich in faunal remains: amphibians, reptiles, birds and mammals (bats, rodents,
insectivores, lagomorphs, in addition to large herbivores and carnivores).

In addition to the palacomagnetic and cosmogenic data, which give an Farly
Pleistocene age for the TELRU levels, from a biostratigraphic perspective the vertebrates of
the TELRU levels represent Atapuerca Faunal Unit 1 (FU 1) (Cuenca-Bescés & Garcia 2007
Cuenca-Bescos et al. 2010b, 2013, 2015), i.e. the oldest FU of the Atapuerca record, which is
also Early Pleistocene in age. No further biostratigraphic subdivisions have been identified so
far within Atapuerca FU 1 because TELRU has identical small-mammal assemblages from
level TE7 to level TE14 (Cuenca-Bescos et al. 2010b, 2013, 2015; Rofes & Cuenca-Bescos
2006, 2009b, 2011, 2013).

3. Material and methods

3.1. Sample processing and fossil sorting

The studied material consists of disarticulated cranial and postcranial bat remains
collected by water-screening the rock matrix obtained during the excavation field campaigns at
the Atapuerca sites. A system of towers of superimposed sieves arranged in parallel was used
to this end; the sieves were provided with 10, 5 and 0.5 mm mesh. Each sample was bagged
by square, layer and excavation sub-level (see a general explanation of the method in Cuenca-
Bescos et al. 2015). The sediments were excavated at the Sima del Elefante site from 1996 to
2007. The samples from each level have been studied as independent assemblages so we can
compare the evolution of the fossil bat assemblages from the bottom to the top of the
TELRU stratigraphic sequence. The assemblage of fossil bat’s bones recovered and studied
comprise a total of 353 remains corresponding to a minimum number of 56 individuals (Table
1). These were mainly identified following the palacontological criteria (morphological features
and measurements) proposed by the following authors: for cranial remains Dupuis (1980),
Menu & Popelard (1987) and Sevilla (1988); for humeri Dupuis (1986) and Felten et al. (1973);
for the other postcranial elements the remains recovered were compared with extant
specimens belonging to the Doflana Biological Station-CSIC, the Aragosaurus Group-IUCA
and the CIAMA-La Alfranca (International Centre for Water and Environment); the
anatomical nomenclature employed here is that provided by the above-mentioned authors
together with Strickler (1978). The determination of the specimens was performed to species
level whenever possible. The minimum number of individuals (MNI) was calculated by
counting the most abundant bone or tooth from either the left or right side of a given taxon.
All the bat fossil material mentioned in this paper is housed in the University of Zaragoza.
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TE 7 TE 8 TE 9c TE 9b TE 9a TE 9a+ TE 10 TE 11 TE 12 TE 13 TE 14 TOTAL
NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI

R ferrumequinum 1 1 1 1 2 2
R. mehelyi 2 1 2 1
M. myotis 44 8 6 1 118 10 50 7 4 2 15 2 40 4 IS 5 2 1 280 35
cf. Eptesicus 1 1 1 1 2 2
Myotis sp. 1 1 1 1
M. schreibersii 17 4 4 1 17 4 6 2 1 1 7 1 4 1 3 1 59 15
Chiroptera indet. 2 - 4 - 1 - 7 -
TOTAL 66 14 14 2 136 15 56 9 7 4 23 4 44 5 5 2 2 1 353 56

Table 1. Presence in terms of NISP (number of identified specimens) and MNI (minimum numbers of individuals) of each identified bat taxon
through the TELRU levels.

Tabla 1. Presencia en términos de NISP (numero de especimenes identificados) y MNI (minimo numero de individuos) de cada taxén de
quiréptero identificado en los niveles de TELRU.
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3.2. Taphonomy

Regarding the origin of fossil bat assemblages, the most usual way for a cave-
accumulation to be produced is by the natural death of the individuals forming a colony,
although in some cases the accumulation may be a result of predation upon bats (Kowalski
1995; Lopez-Garcia & Sevilla 2012). For the taphonomical analysis of the fossil bat
assemblage under study, the state of preservation of the remains (breakage pattern,
dissolution, presence of mineral precipitation on the surface) as well as the composition of the
assemblage in terms of anatomical elements (absolute presence and relative abundance of the
different anatomical elements) have been considered, in accordance with Andrews (1990) and
Bennasar (2010). The sorting of the assemblage by age on the basis of the tooth-wear pattern
of the fossil bats has been undertaken in accordance with Sevilla (1980).

3.3. Palaeoenvironmental interpretation

To undertake a palacoenvironmental interpretation of the site on the basis of our fossil
bat assemblage, aspects of the extant ecology, habitat preferences and geographical
distribution of the identified taxa have been used (in accordance with Palomo et al. 2007; de
Paz & Benzal 1991; Sevilla 1988), as all the identified species in the site have extant
representation on modern populations. The habitat weighting method (Andrews 2006; Evans
et al. 1981) has been employed here in an attempt to reconstruct the habitat. The performance
of the analysis involved the following steps: firstly, the habitat types of the studied region may
be defined; here we followed the five habitat types established by Blain et al. (2010) who
already applied this method to the analysis of the herpetofauna assemblage from the TELRU.
Secondly, for every identified taxon a habitat score or percentage was provided proportionally
to its current living preferences. Then the assigned habitat scores were multiplied by the
percentage that each taxon represents within the whole assemblage in terms of MNI (minimal
number of individuals). Finally, the summation of the values obtained to every type of habitat
provided an approach of the composition of the palacoenvironment of the site. However, the
results obtained here have not been satisfactory; the problems associated with using this
method on our assemblage are discussed in the section 7.

4.  Systematic palaeontology

4.1. Rhinolophidae Gray, 1825
4.1.1. Rhinolophus Lacépéde, 1799
. Rhinolophus ferrumequinum (Schreber, 1774) (Greater Horseshoe bats)
Rhinolophus ferrumequinum (Figure 2h) appears sporadically as an accidental species
(Table 1; list of material in Table 2). The identification of this taxon is unequivocal. Its dental
formula (1.1.2.3/2.1.3.3), the morphology of the mandible (patticulatly the mandibular ramus,
which is flat and square) and the morphology of the lower molars (which are nyctalodont and
present a narrow and regular cingulum) allow this genus to be distinguished from other
nyctalodont bats, while the large size of the specimens clearly shows that they belong to this
species, which is by far the largest horseshoe bat in the Palaearctic region. The greater
horseshoe bat currently inhabits the middle latitudes of Europe from England to the
Mediterranean peninsulas; it is a common species throughout Spain—including the Balearic
Islands, although it is scarcer there—reaching altitudes of 1600 m a.s.l. In Spain it is a
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ubiquitous species although it mainly prefers transitional woodland areas; it roosts in caves

forming small colonies (Palomo et al. 2007).

Figure 2. Fossil bat remains from Sima del Elefante Lower Red Unit. M. myotis, a: fragment of left
maxilla (TE9c); b: left M1 (TE9c); c: fragmented left mandible (TE9c); d: distal epiphysis of right
humerus (TE9c); e: right M2 (TE9c). M. schreibersii, f: left mandible (TE9c); g: distal epiphysis of left
humerus (TE9c). R. ferrumequinum, h: fragmented left mandible (TE9c).

Figura 2. Restos fosiles de quiropteros de la Unidad Roja Inferior de la Sima del Elefante. M. myotis, a:
fragmento de maxila izquierda (TE9c); b: M1 izquierdo (TE9c); c: mandibula izquierda fragmentada
(TE9c); d: epifisis distal de hamero izquierdo (TE9c); e: M2 derecho (TE9c). M. schreibersii, f:
mandibula izquierda (TE9c); g: epifisis distal de hamero izquierdo (TE9c). R. ferrumequinum, h:
mandibula izquierda fragmentada (TE9c).
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. Rhinolophus mehelyi Matschie, 1901 (Melehy’s horseshoe bat)

Rbinolophus mebelyi appears sporadically as an accidental species (Table 1; list of material
in Table 2). The morphology of the lower molars, which is quite similar to the previous case,
allows the mandible to be assigned to this genus. The size of m2 and m3 is under the lower
limit of size variation for R. ferrumequinum but above the upper limit of size variation for the
medium-sized horseshoe bat Rhinolophus enryale, so we have assigned the mandible to R. mebelyi,
which is the other medium-sized form of this genus that usually appears in the Pleistocene
sites of the Iberian Peninsula (Sevilla 1988). The proximal epiphysis of the humerus presents
great development of the trochin in this genus, and both the trochin and the trochiter extend
proximally to a similar level beyond the humeral head, which is triangular rather than rounded
and dips towards the trochin. The size of the specimen (3.6 mm wide) and the morphology of
the ventral ridge, which is flat, agree with the material used for comparison for this taxon.

Mehely’s horseshoe bat currently inhabits Mediterranean Europe, albeit only
discontinuously; it occurs in the Mediterranean margin and the southern half of Spain but
does not usually reach altitudes above 500 m a.s.l., although some isolated citations exist at
altitudes as great as 1200 m a.s.l. In Spain, it mainly prefers transitional woodland areas where
the trees are more scattered; it roosts in caves, forming colonies of variable size (Palomo et al.
2007). This is one of the few species classified nowadays as Vulnerable by the TUCN
(International Union for Conservation of Nature) in Spain, with decreasing trends in
populations which has been estimated as 10%in the last 10 years in Andalucfa while the datum
remains unquantified in other regions of the country but still appears to have been
considerable (Hutson et al. 2008).

4.2. Vespertilionidae Gray, 1821
4.2.1. Myotis Kaup, 1829

. Myotis myotis (Borkhausen, 1797) (Greater Mouse-eared bat)

Myotis myotis (Figure 2a-e) appears frequently throughout the TELRU sequence, being
present in all levels except TE11, TE12 (where a fragmented mandible was recovered though
this seems more likely to be a reworked specimen from lower levels) and TE13 (Table 1; list
of material in Table 2). Identification of the cranial remains as a large-sized form of the genus
Mpyotis is straightforward on the basis of the dental formula (2.1.2.3/3.1.3.3), the morphology
of the mandible (particularly the mandibular ramus, which is wide and presents a considerably
higher coronoid process in relation to the articular process), the myotodont lower molars, the
thick and quite irregular cingulum present on all teeth, and the large size of the specimens.
The proximal epiphysis of the humerus presents a rounded head and a rather small trochin
ridge but lacks any trochiter ridge; the trochin and the proximal edges of the head reach a
similar height while the proximal edge of the trochiter extends above the other two. The distal
epiphysis of the humerus lacks a styloid process and the epicondylar spine is rather reduced; in
external view, the proximal edges of the trochlea and condyle reach a similar height. The
femur (L=19.93 mm) presents trochanters similar in size to each other, the head is almost
spherical and the whole proximal epiphysis is more lateromedially symmetrical than it is in
other genera. The proximal end of the radius presents a not very pointed proximal process;
the articular surface is somewhat trilobed in shape but lacks any crossing ridge, and the biceps
insertion fossa is open. The distal end of the radius presents two knob-like anterior processes
and a posterior, longitudinal crest.
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The two large-sized Eurasian forms of this genus, M. myotis and Myotis blythii (which
are accepted as different species even though recent genetic studies have demonstrated that
they may have fertile hybrid offspring; see Bogdanowicz et al. 2009), are difficult to distinguish
from each other due to the extreme similarity of their morphology. The first species is
generally larger although both share an overlapping range of size variation. The measured
molars are of a size above the upper limit for M. blythii (Figure 3), except for the specimens
from level TE9, where the lower molars mostly lie within the range of overlap between the
two taxa while the upper molars are above the upper limit of size variation for M. blythii. As it
has previously been indicated by some authors, the sympatric presence of the two-sibling
species in Europe did not occur until the Holocene; previously, the western region of Europe
had been occupied by the M. myotis group while M. blythii was an Asian species (Berthier et al.
20006; Bogdanowicz et al. 2009). However, the moment of separation of the two taxa is not
clear. Work based on molecular data gives a date of about 0.56 Ma for the split, but according
to Sevilla (1988) M. myotis has been identified in the Iberian Lower Pleistocene site of La
Unién. As no different characters have been observed allowing us to attribute our remains to
any other species, here we have decided to assign them to the taxon M. myotis.

M1 (L) M2 (L) M3 (L)

b c b c a b c

n=26 n=56 n=46 n=13 n=56 n=46 n=7 n=56 n=46
m1 (I m2 (I m3 (I
. () . () . ()

L] ) . @
a b c a b c a b C
n=29 n=56 n=48 n=28 n=56 n=48 n=18 n=56 n=48

Figure 3. Representation of the mean, the standard deviation and the minimum and maximum values
for the length (in mm) of the three upper molars, M1 (L), M2 (L) and M3 (L), and the three lower
molars, ml (1), m2 (I) and m3 (I) of specimens of the Myotis myotis/Myotis blythii complex; a: fossil
specimens from TELRU; b: extant individuals of M. myotis (data of Galan et al. 2018b); c: extant
individuals of M. blythii (data from Galan et al. 2018b); n: number of measurements taken.

Figura 3. Representacion de la media, la desviacion estandar y los valores minimo y maximo para la
longitud (en mm) de los tres molares superiores, M1 (L), M2 (L) y M3 (L), y los tres molares inferiores,
ml (1), m2 (1) y m3 (1) de especimenes del complejo Myotis myotis/Myotis blythii; a: especimenes
fosiles de TD; b: individuos actuales de M. myotis (datos de Galan et al. 2018b); c: individuos actuales
de M. blythii (datos de Galan et al. 2018b); n: nimero de medidas tomadas.

45



The Greater Mouse-eared bat currently inhabits western, central and southern Europe.
It occurs throughout Spain—where it reaches altitudes of 2060 m a.s.l.—including the Balearic
Islands, though it is scarcer in the central Ebro Valley and the South Submeseta. Its usual
foraging habitats are woodland, transitional woodland and woodland margins, and it roosts in
caves, forming massive nursery colonies and smaller hibernating colonies (Palomo et al. 2007).

Taxon n element n element
Rbinolophus ferrumequinum 1 md with p3 - m3 1 md (fr) with m1 and ¢
Rhbinolophus mebelyii 1 md (fr) with m2 - m3 1 hu (p. e. + diap.)
1 max (fr) with M1 1 md (fr) with p4 - m3
2 max (fr) with M2 3 md (fr) with p4
1 max (fr) with M2 - M3 2 md (fr) with m1 - m2
1 max (fr) with P4 - M1 2 md (fr) with m1
1  max (fr) with P4 and M2 3 md (fr) with m2 - m3
1 max (fr) with M1 - M3 9 md (fr) with m2
2 max (fr) with P4 9 md (fr) with m3
3 max (fr) with P4 - M3 3 i3
3 12 5 c
13 C 7 p2
8 P4 8 p3
17 M1 15 p4
11 M2 21 m1
Myotis myotis 5 M3 10 m?2
7 M (fr) 7 m3
1 md with p3 - m3 21 m (fg)
2 md with p4 - m3 3 hu (p. e)
1 md with m1 - m3 9 hu (p. e. + diap.)
1 md with m1 - m2 6 hu (d. e
2 md with m2 - m3 16 hu (d. e. + diap.)
2 md with m2 2 hu (diap)
0 md with m3 1 rad (d. e. + diap.)
1 md 6 rad (p. e.)
7 md (fr) 6 rad (p. e. + diap.)
1 md (fr) with ¢ - p3 1 fem
1  md (fr) with c-p2 and m1 6 fem (p. e.)
1 md (fr) with p3 2 fem (d. e. + diap.)
cf. Eptesicus 1 md (fr) 1 hu (d. e. + diap.)
Myotis sp. 1 hu (d. e. + diap.)
1 max (fr) with M2 - M3
4 C 3 md (fr) with m2 - m3
2 P4 1 c
2 M1 2 p4
2 M3 9 m1
Miniopterns schreibersii 1 md Wlt/f}ff;rz) 3 é mm(?r)
2 md with m2 - m3 7 hu (d. e.)
1 md (fr) 3 hu (d. e. + diap.)
2 md (fr) with p4 - m3 3 hu (p. e.)
1 md (fr) with p4 and m3 2 hu (p. e. + diap.)
1 md (fr) with m2 2 rad (p. e. + diap.)
Chiroptera indet. 411 rlr)l;i ((g)) } femdjii; ¢)

Table 2. List of the recovered material for each bat taxon. I: upper incisor; C: upper canine; P: upper premolar; M:
upper molar; i: lower incisor; c: lower canine; p: lower premolar; m: lower molar; md: mandible; max: maxilla; hu:
humerus; rad: radius; fem: femur; fr: fragment; p. e., proximal epiphysis; d. e.: distal epiphysis; diap.: diaphysis.

Tabla 2. Lista del material recuperado para cada taxén. I: incisivo superior; C: canino superior; P: premolar
superior; M: molar superior; i: incisivo inferior; c: canino inferior; p: premolar inferior; m: molar inferior; md:
mandibula; max: maxilar; hu: himero; rad: radio; fem: fémur; fr: fragmento; p. e.: epifisis proximal; d. e.:

epifisis distal; diap.: diafisis.
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. Myotis sp.

Myotis sp. appears sporadically as an accidental species (Table 1; list of material in
Table 2). The humerus is partially fragmented, but the following distinctive features of the
Mpyotis genus can be observed: the styloid process is reduced, the proximal edge of the trochlea
does not reach the epiphyseal border; it differs from Plecotus in that the proximal edge of the
union between the trochlea and the condyle does not form a bulge in external view. The
specimen corresponds to a small-sized form of Myotis such as Myotis daubentonii, Myotis
emarginatus or Myotis nattereri. As the ventral edge of the trochlea does not reach the edge of the
epiphysis, assignation to the taxon Mpyotis capaccinii can be ruled out, but a more precise
identification is not possible due to its fragmentation.

4.2.2. Eptesicus Rafinesque, 1820

. cf. Eptesicus

cf. Eptesicus appears sporadically as an accidental species (Table 1; list of material in
Table 2). The recovered mandible presents a dental formula of 3.1.2.3 corresponding to 13
alveoli, which coincides with the genera Eptesicus, 1Vespertilio, Barbastella, Pipistrellus, Hypsugo and
Npyctalus. However, it lacks any teeth, and the mandibular ramus is also absent. The size
corresponds to a small-medium-sized bat slightly larger than the extant Hjypsugo savii and
Pipistrellus. The mental foramen lies between the ¢ and the p3 alveoli, approximately at the mid
height of the mandible body, and it is circular and rather small. The mandibular body is quite
robust and presents neither a narrowing towards the posterior side nor a marked mental bulge,
which points to it belonging to Epzesicus as opposed to the other mentioned genera. Due to the
lack of any other distinctive feature, we have preferred to maintain the identification as
indicated. The distal epiphysis of the humerus (2.5 mm wide) presents a relatively well-
developed styloid process and a rather long epicondylar spine, excluding the possibility of it
being a small-sized Myotis or a Plecotns. The former feature can be observed despite the loss of
the tip of the styloid process. The olecranon fossa forms a semicircle in internal view, and the
union between the trochlea and the condyle is flatter than in Papistrellus, Hypsugo and VVespertilio,
where the furrow between the two structures is deeper. The remnant corresponds to a form of
serotine bat that is definitely smaller than the two species of the genus that currently inhabit
Spain: Eptesicus serotinus and Eptesicus isabellinus (Palomo et al. 2007). Three other species inhabit
Europe at present: Epfesicus bottae (which is larger than the Iberian ones), Eptesicus nilssonii and
Eptesicus anatolicus (these two being small-sized forms). One more fossil species has been
described in the Lower Pleistocene of Europe: Epfesicus praeglacialis, which is also a large-sized
form (Sevilla 1988). Our remains are close to those of the species Eptesicus nilssonii but our
specimen is slightly smaller, and given the lack of any other distinctive feature we have
preferred to maintain the identification as indicated.

4.3. Miniopteridae Dobson, 1875
4.3.1. Miniopterus Bonaparte, 1837
. Miniopterus schreibersii Kuhl, 1817 (Schreibers’ Bent-winged bat)
Miniopterus schreibersii (Figure 2f, g) appears frequently throughout the TELRU
sequence, being present in all levels except TE11, TE13 and TE14 (Table 1; list of material in
Table 2). The assignment of the items to this taxon is unequivocal: the species is characterized
by the dental formula of 2.1.2.3/3.1.3.3 and the long, narrow and slender cusps of the teeth;
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another specific characteristic is its large p3 with two roots, which adds an extra alveolus to
the mandible. The C has an oval occlusal section and deep longitudinal furrows on both the
labial and lingual surfaces. P4, M1 and M2 present well-developed heels where the cingulum
becomes relatively thicker; the former presents a mesiolingual longitudinal arris which ends as
an extra cusp at the contact with the cingulum. The lower molars are of a nyctalodont type
with a narrow but irregular cingulum, and p4 has a triangular occlusal outline. The mandible
body is quite slender and shows a well-developed and angulated mental bulge; the mental
foramen is large and is located close under and between the alveoli of p2 and c. The
mandibular ramus is square-shaped and joins the body forming a well-marked angle; the
coronoid and the articular processes reach a similar height. The distal epiphysis of the
humerus is diagnostic due to the long and flattened blade-shaped styloid process, the marked
olecranon fossa and the deep furrow between condyle and epicondyle. The proximal epiphysis
is characterized by a wide, ear-shaped trochin and a diagonally oriented oval head, which dips
towards the trochiter and extends slightly above the trochin; the ventral ridge is not very
prominent and joins the trochin forming a depression, whereas there is no dorsal ridge. The
proximal end of the radius is diagnostic due to the long, pointed proximal process, the two
articular surfaces separated by a well-developed ridge which arises from the tip of the proximal
process, and the deep, kidney-shaped biceps insertion fossa, which has an almost closed
contour.

Schreibers’ bat currently inhabits southern Europe. It occurs throughout Spain—
where it reaches altitudes of 1400 m a.s.l.—including the Balearic Islands. Its foraging habitats
are both open lands and forest. This is a species linked to rocky areas where caves or crevices
may occur (not necessarily close to the feeding areas since it is able to fly along great
distances), as M. schrezbersii uses them for roosting, forming massive nursery and hibernation
colonies (Palomo et al. 2007).

5.  Taphonomic remarks

Two levels in the sequence lack bat remains: TE 11 and TE 13, while their presence in
levels TE 8, TE 12 and TE14 is rather scarce. This absence or scarcity of bat remains has no
parallelism in other groups of small vertebrates such as the herpetofauna studied by Blain et al.
(2010), where a significant descent in the number of remains is only noted for level TE12.
Regarding the horizontal distribution of the bat remains in each bat-fossil-bearing level, no
differential distribution patterns have been observed; specifically, in sublevel TE 9c, which has
been excavated extensively, the bat remains occur in almost all the squares.

The abundance of bat remains within the TELRU levels (Table 1) is very low in
comparison with other groups of small vertebrates such as rodents, insectivores, amphibians
or reptiles (Blain et al. 2010; Rodriguez et al. 2011). The bat assemblage is composed of
disarticulated cranial and postcranial remains, and the occurrence of teeth attached to bone is
notable. The presence of complete long bones and cranial bones is very scarce, if not non-
existent, in all the levels, but the breakage pattern generally observed consists of angulated
fractures rather than rounded surfaces and is not linked to dissolution surfaces; in some cases,
the identification of fragments belonging to the same specimen is even possible within a
sample. In our opinion, this corresponds to trampling as the origin of the breakage rather than
to predation or a long process of transport. The presence of isolated teeth is generally high in
terms of their percentage within the total bat NISP of every level, but when the relative
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abundance of each element is taken into account (after Andrews 1990) the most abundant
elements are mandibles in all levels except TE 9b, where they are molars.

Only a few bones present clear marks of dissolution where digestion is the origin:
specifically, a couple of humeral distal epiphyses from TE 7 (one from a Myotis myotis, the
other from a Minigpterus schreibersii) and the mandible of cf. Eptesicus from TE 9a (this last is
not a typical cave-dwelling bat so it seems logical that the agent of accumulation was a
predator in this case). This is a small amount considering the size of the TELRU bat sample as
a whole.

Carbonate precipitation has been observed in some bat specimens. In the majority of
cases, the presence of carbonates is linked to a better state of conservation of the remains,
such as the complete preservation of the teeth attached to a mandible or maxilla bone; in
some cases, the identification of different anatomical remains belonging to the same individual
and affected by superficial carbonate precipitation is even possible within a sample. This
precipitation must thus have occurred in the early stages of deposition; it could have been
favored by the decomposition of the organic tissues attached to bone, which produces a local
increase in pH.

The specimens forming the bat assemblage are mainly subadults according to their
tooth wear, but interesting exceptions to the age distribution may be found in some levels. In
levels TE 10, TE 9c and TE 7, subadults, adults and even old adults are represented by the M.
myotis group; M. schreibersii specimens are subadults in almost all the levels except TE 8 and TE
9c, where adult individuals have also been found, and the two individuals of Rbinolophus
Sferrumeguinum from levels TE 9c and TE 12 respectively were also adults.

This leads us to conclude that the origin of the main TELRU bat assemblage was as a
thanatocoenosis generated by the death of the individuals that formed colonies in the ancient
cave. The colonies had been mainly of the nursery-type judging by the predominance of
subadults except for the afore-mentioned cases where adult individuals have been found. On
the other hand, the few isolated remains that show evidence of digestion could have been
deposited by opportunistic predators such as owls, as is the case with the majority of the
small-vertebrate remains within the sequence (Blain et al. 2010; Cuenca-Bescés & Rofes 2004;
Cuenca-Bescos et al. 2013, 2015; Rodriguez et al. 2011; Rofes & Cuenca-Bescos 2009).

6. Results

6.1. Species composition

A total of 353 bat remains have been recovered from TELRU, 346 of which could be
identified at least to genus level (MNI = 56). Six bat taxa have been identified within the
sequence: Rhbinolophus ferrumequinum, Rhinolophus mebelyi, Myotis myotis, Myotis sp., ct. Eptesicus and
Minigpterns schreiberszi. All the identified species currently inhabit Europe. The vertical
distribution of these taxa through the sequence as a whole is characterized by the almost
constant presence of M. myotis and M. schreibersiz, which are also the most abundant species in
each level (Table 1). Both of them are typical cave-dwelling bats and appear frequently in
Iberian Pleistocene and extant bat communities; the Rbinolgphus species recorded are also
among the typical cave-dwelling species in the Iberian Peninsula and frequently occur in the
Iberian Pleistocene record too (de Paz & Benzal 1991; Galan et al. 2016b; Palomo et al. 2007,
Sevilla 1988), although their presence in the studied locality is a minority.
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OD OH VWo Ro Wa

Rhinolophus ferrumequinum 08 02
Rhinolophus mehelyi 0.6 02 02
Myotis myotis 08 02
Miniopterus schreibersii 02 02 04 02

Table 3. Habitat preferences of each identified species of bat. OD: open dry habitat; OH: open humid
habitat; Wo: woodland/woodland margin habitat; Ro: rocky habitat; Wa: water.

Tabla 3. Preferencia de habitat de cada especie identificada de murcié¢lago. OD: habitat abierto y seco;
OH: habitat abierto y huimedo; Wo: habitat de bosque/margen de bosque; Ro: roquedal; Wa: agua.

TE14 [l oD
TE13

[] oH
TE12 I
TE11 L1 wo
TE10 B Ro

TE9a+

TE9a

TE9b

TE9c

TE8

TE7

90 % 100 %
Figure 4. Habitat weighting results. OD: open dry habitat; OH: open humid habitat; Wo:
woodland/woodland margin habitat; Ro: rocky habitat.

Figura 4. Resultados de la ponderaciéon de habitats. OD: habitat abierto y seco; OH: habitat abierto y
humedo; Wo: habitat de bosque/margen de bosque; Ro: roquedal.

6.2. Palaeoenvironmental interpretation
There are two dominant bat taxa, Myotis myotis and Miniopterus schreibersii, which appear
together throughout almost the whole sequence, constituting an association typical of warm,
Mediterranean climate conditions (de Paz & Benzal 1991; Palomo et al. 2007; Sevilla 1988).
The landscape inferred from our analysis of the chiropteran faunal assemblages and
taking the habitat preferences of each taxon into account (see Table 3) comprises a
predominantly woodland habitat, which includes mature forest, transitional areas, and
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woodland margins and forest patches with moderate ground cover. Areas of open land or
meadows and rocky dwellings including caves, fissures and bare rock substrates would be
present to a lesser extent (Figure 4). The habitat composition presents little variation
throughout the levels analyzed; it should also be borne in mind that the small amount of
remains recovered in levels TE 8, TE 9a, TE 9a+, TE 12 and TE 14 (Table 1) may bias the
results for these levels.

7. Discussion

Of the two constant taxa in the assemblage, Miniopterus schreibersii is a markedly
thermophilic species, as is Rhinolophus mebelyi (Palomo et al. 2007; Sevilla 1988), whose sporadic
presence in level TE 7 reinforces this general idea of warm climatic conditions previously
expounded by Blain et al. (2010), Cuenca-Bescés et al. (2013, 2015), Rodriguez et al. (2011),
and Cuenca-Bescos & Rofes (2004, 2009). It is also notable that the current occurrence of
Myotis myotis in natural cave-roosts within the central and eastern Iberian regions is rather
accidental, whereas this species is very frequent in the cave-roosts of southern Iberian regions
(de Paz & Benzal 1991). In this sense the chiropteran fauna from TELRU is consistent with
the above-mentioned results of previous studies of small vertebrates and the palynological
record from this sequence, which reported warmer conditions than at present.

Regarding the habitat composition, previous results pointed to a mixed landscape with
little variation throughout the sequence, but the extent of the woodland areas indicated by
analyses of other groups of small vertebrates is clearly less than in our results (Blain et al.
2010; Cuenca-Bescos et al. 2013; Rodriguez et al. 2011). Three possible causes for this
disagreement may be considered and expounded here. Firstly, as woodland areas are the most
important foraging habitat for European bats (Cel'uch & Kropil 2008), a palacoecological
approach based only on the bat assemblage separately from other small-vertebrate groups may
result in an overrepresentation of this type of habitat that would not occur if the fossil
community as a whole were considered. Secondly, the use of the habitat weighting method—
or any other method of habitat reconstruction which considers the abundance of a taxon in
terms of its MINI to be a reflection of the abundance of this taxon in the palacocommunity—
may also lead to problems when working with cave-dwelling animal assemblages characterized
by the in situ mortality of the individuals as in this case, since the abundance of one taxon in
the association may be caused by a combination of ethological and taphonomic factors. The
use of a cave-roost by different bat species simultaneously is quite common; many present-day
examples of M. myotis and M. schreibersii sharing caves have been reported and it might occur
either that they form interspecific clusters, or that each taxon occupies a different hall in the
cave depending on the environmental conditions (e.g. Borda et al. 2004; de Paz & Benzal
1991; Vincent et al. 2011). The greater presence of one taxon as opposed to another in the
Sima del Elefante site, which corresponds to a quite external area of this ancient cave, could
be due to the different locations of the past bat colonies within the cave instead of a
dominance of a given species. Furthermore, another issue should be taken into account when
interpreting a landscape on the basis of this type of assemblage: the different spatial scale of
influence of each group of animals. The main bat taxa identified here are known to cover
distances of about 25-29 km away from their roosts for hunting (Atlettaz 1996; Vincent et al.
2011), while owls—a typical agent of accumulation of small-vertebrate assemblages—Ilimit
their range of action to distances of 1-5 km from their nests (e.g. Martinez & Zuberogoitia
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2004). Thus, a bat assemblage produced by the death of the individuals within the cave would
be providing us with palacoecological data from an area at least ten times larger than a small-
vertebrate assemblage accumulated by the action of owls; the same applies to other predators.

Finally, the changes in the bat association observed in the upper levels of the sequence
(from TE 11 to TE 14) should also be discussed. Noteworthy is the decrease in the number of
bat remains, if not their total absence as in TE 11 and TE13 (Table 1), which may be due to
taphonomic processes that exclusively affect the chiropteran fauna since the other small-
vertebrate groups do not show a similar pattern, as pointed out above in the Taphonomic
remarks paragraph. However, changes in the composition of the association can also be
observed: TE 12 lacks remains of M. myotis and TE 14 lacks remains of M. schreibersiz. This
could be related to changes in the general environmental conditions, such as the woodland
regression registered for levels TE 11 and TE 12 and the climate deterioration registered for
levels TE 13 and TE 14 (Blain et al. 2010). Besides, an interesting point is the life-span and
reproductive strategy of bats and the implications that this biological condition could have in
their fossil record. Bats are incredibly long-lived comparing to other mammals of similar
size—in Central Europe the life-span average among the different species is between 25 and
30 years (Dietz et al. 2009), while concerning the two main species of TELRU record, M.
myotis maximum life-time recorded is 25 years (Kulzer 2003) while M. schreibersii is known to
live at least 16 years (Spitzenberger 1981)—and they have also a low ratio of offspring per
year, from one to two breedings (Dietz et al. 2009; Palomo et al. 2007). This definitely
determines the recovery of a bat population within a region after a decrease process due to an
unfavorable environmental situation since it is much slower than in most other small
mammals with more opportunistic strategies, and eventually can lead into a different pattern
of record throughout the same stratigraphic sequence as occurs in TELRU.

8.  Conclusions

The fossil bat assemblage from TELRU has been exhaustively analyzed for the first
time, and the following six taxa have been identified: Rhinolophus ferrumequinum, Rhinolophus
mebelyi, Myotis myotis, Myotis sp., cf. Eptesicus and Miniopterus schreibersii. The origin of the
accumulation is the death within the cave of the members of fossil bat colonies roosting in it.
The sequence is characterized by the (almost) constant presence of two taxa: M. myotis and M.
schreibersi. 'This is a typical Mediterranean association and would point to warmer climate
conditions in the region of Atapuerca during this period than at present, as reported by
previous work from the site. We have found that fossil bat assemblages are useful for drawing
palaeoclimatic inferences and also as indicators of palacoenvironmental stability when
associations of taxa rather than abundances of taxa are taken into account. However, the use
of fossil bat assemblages whose origin is the in situ death of the individuals as palaecoecological
indicators leads to certain problems that may call for consideration in further papers. Indeed,
the habitat weighting method is not very appropriate in such cases. The habitat preferences
shown by extant bats can be used to provide an approximate, qualitative description of the
past landscape, but establishing quantitative percentages of the abundance of each habitat on
the basis of the abundance of each taxon would probably not yield representative results.
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Los quiropteros del
Pleistoceno Inferior y Medio
de la secuencia de la Gran
Dolina

Lower and Middle Pleistocene chiropters from the Gran Dolina

El yacimiento estudiado en este capitulo, la Gran Dolina de la Sierra de Atapuerca, propotciona la
oportunidad de estudiar las variaciones en la asociacion fosil de quirépteros a lo largo de una secuencia
estratigrafica bien conocida, de edad Pleistoceno Inferior a Pleistoceno Medio. Este yacimiento destaca por
contener tres unidades litoestratigraficas con importantes acumulaciones arqueo-paleontolégicas: la unidad
TD4, con restos de industria litica y fauna datada en 0,91 Ma; la unidad TDO6, con restos humanos
pertenecientes a Homo antecessor, industria litica y fauna de edad 0,73-0,85 Ma; y la unidad TD10, con dos
capas ricas en industria litica achelense y fauna interpretadas como una ocupacién humana intensiva, datada
en 0,34 Ma. En este capitulo se muestra la gran diversidad registrada en el yacimiento (hasta 10 especies de
murciélagos identificadas), y como los cambios en la diversidad a lo largo de la secuencia se correlacionan con
otros eventos: la aparicién y desaparicion de determinadas especies se pone en relacién con fendmenos
paleoclimaticos detectados en estudios previos sobre la secuencia; ademas, las variaciones en la composicion
taxonémica de la asociacion y en los grupos de edad representados se relacionan también con la presencia de
poblaciones humanas en la cavidad de la Gran Dolina. Futuros trabajos de ampliacién de la muestra y la
resolucion aportaran datos de gran interés en lo referente a la correlacién entre la dindmica de las poblaciones
de quirépteros del pasado, las variaciones climaticas y el factor antrépico.

The site studied in this chapter, the Gran Dolina at the Sierra de Atapuerca, provides the opportunity of
studying the variations in the bat fossil assemblage through a well-known stratigraphic succession aged Eatly
Pleistocene to Middle Pleistocene. This site is remarkable for having three lithostratigraphic units with
important archaeo-palacontological accumulations: the unit TD4 with lithic tools and faunal remains dated as
0,91 Ma, the unit TD6 with human remains belonging to Homo antecessor, lithic tools and faunal remains
dated as 0,73-0,85 Ma; and the unit TD10, with two layers rich in Acheulian lithic tools and faunal remains
interpreted as moments of intensive human occupation, dated as 0,34 Ma. In this chapter, it is shown the
great diversity registered at the site, with up to 10 bat species identified, and how the changes in diversity
through the sequence correlates with other events: appearance and disappearance of certain species is related
to palacoclimatic phenomena detected in previous studies on the sequence; besides, variations in the
taxonomic composition of the association and in the age-groups represented are also related to the presence
of human populations in the cavity of the Gran Dolina. Future works expanding both sample and resolution
will provide data of great interest regarding the correlation between the dynamics of the past bats
populations, the climatic variations and the anthropic factor.
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1. Introduccion

Los yacimientos de la Sierra de Atapuerca (Burgos, Espafia) son internacionalmente
conocidos por sus fésiles humanos, que evidencian la presencia del género Homo en Europa
occidental desde el Pleistoceno Inferior, hace al menos 1,2 Ma (Carbonell et al. 2008;
Bermudez de Castro et al. 2011; entre otros). Otro de los aspectos que confiere gran
importancia a este conjunto de yacimientos es que proporcionan un registro sedimentario y
paleontoldgico bastante continuo y completo del Cuaternario continental ibérico, consistente
en depositos de relleno de antiguas cavidades karsticas ahora colmatadas (Ortega et al. 2014).

Los murciélagos o quirépteros son presas poco frecuentes de los depredadores con
tendencia a formar acumulaciones de huesos por regurgitaciéon o excreciébn (como rapaces
nocturnas, otras aves y mamiferos carnfvoros; Garcfa et al. 2005; Kowalski 1995; Rosina &
Shokhrin  2011; Sommer et al. 2009), lo que hace que habitualmente aparezcan
infrarrepresentados en las acumulaciones de pequefios vertebrados generadas en los niveles de
ocupacion de estos depredadores. Sin embargo, en ciertas circunstancias se originan depositos
de quirdpteros excepcionalmente abundantes y bien preservados: es el caso de las
acumulaciones generadas por la muerte natural de los integrantes de una colonia en el interior
de una cueva ocupada de forma prolongada (Lopez-Garcia et al. 2011d). Dado que las
acumulaciones de quirépteros fosiles no estan necesariamente originadas por los mismos
procesos que las de otros pequefios vertebrados, constituyen una fuente independiente y
valiosa de informacion paleoambiental especialmente relevante en yacimientos generados en el
relleno de cavidades karsticas, como es el caso de la Gran Dolina

Si bien el registro de la mayoria de los grupos de pequefios vertebrados de la Gran
Dolina (herpetofauna, aves, insectivoros y roedores) ha sido ampliamente estudiado por
diversos autores (Blain et al. 2009, 2012; Cuenca-Bescos et al. 1995, 1999b, 2005, 2011, 2016b,
2017; Nufiez-Lahuerta et al. 2016; Rofes & Cuenca-Bescos 2009a, 2009b; entre otros), no hay
hasta la fecha un estudio exhaustivo del orden Chiroptera.

Los objetivos del presente trabajo son: (1) realizar la caracterizaciéon taxondémica y
tafonémica del conjunto de quirdpteros fosiles registrados en el yacimiento de la Gran Dolina,
(2) contribuir a la aproximacién paleoclimatica y paleoambiental de este yacimiento, y (3)
contribuir al conocimiento global del orden Chiroptera y su presencia en la mitad norte de la
peninsula ibérica durante el Pleistoceno Inferior y Medio.

1.1. Situacién geografica y geoldgica del yacimiento de la Gran Dolina

El yacimiento de la Gran Dolina es uno de los yacimientos del complejo de la
Trinchera del Ferrocarril de la Sierra de Atapuerca situada en la provincia de Burgos, en el
norte de Espafia, entre las localidades de Atapuerca e Iberas de Juarros (Figura 1a). La Sierra
de Atapuerca es un conjunto montafioso de escasa altitud (cota maxima a 1080 m s. n. m.)
conformado en calizas del Cretacico final, que se extiende de noroeste a sureste entre la
cordillera Cantabrica y el sistema Ibérico. La disoluciéon de estas calizas dio lugar durante el
Mioceno Superior (Vallesiense) al desarrollo de un complejo karstico que recibe el nombre de
Las Torcas y comprende dos sistemas principales: Cueva Mayor y Trinchera del Ferrocarril
(Ortega et al. 2013) (Figura 1b). Su descubrimiento tuvo lugar a finales del siglo XIX durante
la construccién del trazado de ferrocarril minero que unia la sierra de la Demanda con Burgos
y de ahi enlazaba con la linea de ferrocarril Burgos-Bilbao. Cuando se dinamit6 parte de la
Sierra de Atapuerca, una serie de cavidades rellenas de sedimento quedaron expuestas (ver
Bermudez de Castro et al. 2004 y Carbonell et al. 2008 para una vision completa). Las cuevas y
galerfas del sistema contienen sedimento de al menos 1,4 Ma de antigiiedad (Falgueres et al.
2001). El sistema de la Trinchera (Figura 1b) posee tres principales yacimientos consistentes
en cavidades colmatadas: La Sima del Elefante (TE), La Gran Dolina (TD) y Galeria (TG),
que se encuentran en un 4rea inferior a los 1500 m”.
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Figura 1. Situacion geografica y geologica del yacimiento de la Gran Dolina; a: localizacion de la Sierra
de Atapuerca (Burgos) en la peninsula ibérica; b: esquema en planta del sistema karstico de la Sierra de
Atapuerca y emplazamiento de los principales yacimientos (modificado de Ortega et al. 2013); c: perfil
estratigrafico simplificado de la Gran Dolina (modificado de Rodriguez et al. 2011; Campaiia et al. 2015);
d: columna estratigrafica de la secuencia de la Gran Dolina (modificado de Campada et al. 2015;
datacion TD4 de Alvarez-Posada et al. 2018).

Figure 1. Geographical and geological location of the Gran Dolina site; a: location of the Sierra de
Atapuerca (Burgos) in the Iberian Peninsula; b: plan scheme of the Sierra de Atapuerca karstic system
and location of the main palaeo-archaeological sites (modified by Ortega et al. 2013); c: Gran Dolina
simplified stratigraphic profile (modified from Rodriguez et al. 2011; Campadna et al. 2015); d: Gran
Dolina stratigraphic sequence (modified from Campaiia et al. 2015, TD4 dating by Alvarez-Posada et al.
2018).
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El yacimiento de TD (Figura 1c) es una antigua cavidad que actué como trampa de
sedimento entre el Pleistoceno Inferior y el Pleistoceno Medio. El relleno sedimentario
constituye la secuencia estratigrafica mas larga de todos los yacimientos de Atapuerca: 19 m de
potencia divididos en 11 unidades litoestratigraficas (Figura 1d, Campana et al. 2015; entre
otros). En este trabajo se estudian tanto las unidades de la secuencia baja (Pleistoceno Inferior
post-Jaramillo) TD3-4, TD5, TD6 y TD7 inferior, como las unidades de la secuencia alta
(Pleistoceno Medio, post Matuyama-Brunhes) TD7 superior, TD8, TD8-9 y TD10. Se trata de
materiales clasticos aléctonos: una alternancia de depodsitos de flujo gravitacional y de
depositos fluviales (Campafia et al. 2015). Este yacimiento destaca por contener tres unidades
con importantes acumulaciones arqueo-paleontolégicas: la unidad TD4, con restos de
industria litica y fauna cuyo limite inferior ha sido datado en 0,91 % 0,25 Ma (Alvarez-Posada
et al. 2018); la unidad TDG6, con restos humanos, industria litica y fauna (Carbonell et al. 1995;
Carbonell et al. 1999; Gomez-Olivencia et al. 2012; Pablos et al. 2012; Parés et al. 2013;
Rodriguez-Goémez et al. 2013; Saladié et al. 2014; entre otros), de edad 0,73-0,85 Ma (Arnold
et al. 2015; Berger et al. 2008; Moreno et al. 2015) y la unidad TD10, con dos capas ricas en
industria litica y fauna interpretadas como un campamento humano (Oll¢ et al. 2013), techo de
la unidad datado en 0,34 Ma (Falgueres et al. 1999; Berger et al. 2008; Moreno et al. 2015).

En el caso de los quirdpteros, estudios previos citan la presencia de Rhinolophus sp. 1,
Rhinolophus sp. 2, Myotis myotis, Myotis sp., Plecotus cf. austriacus y Miniopterus schreibersii en los
niveles de edad Pleistoceno Inferior, y Rhinolophus sp. 1, Myotis myotis, Myotis sp. y Miniopterus
schreibersii en los niveles de edad Pleistoceno Medio (Cuenca-Bescos et al. 2015; Galan et al.
2016¢; Lopez-Antofianzas & Cuenca-Bescos 2002).

2. Material y métodos

2.1.  Abreviaturas:

Partes anatomicas: I (incisivo), C (canino), P (premolar), M (molar); los dientes de la
serie superior van nombrados en mayusculas y los de la serie inferior en minuasculas (i.e. M1 es
el primer molar supetior, p4 el cuarto premolar inferior); D (derecha), I (izquierda).

Medidas: L (longitud anteroposterior de los molares superiores), A (anchura
labiolingual de los molares superiores), 1 (longitud anteroposterior de los molares inferiores),
ay (anchura labiolingual del trigonido en molares inferiores), aw (anchura labiolingual del
talénido en molares inferiores).

Yacimientos de Atapuerca: SH (Sima de los Huesos), TG (Trinchera-Galeria), TD
(Gran Dolina), TE (Sima del Elefante).

2.2. Material:

Las muestras estudiadas proceden de las unidades litoestratigraficas TD3-4, TD5,
TDo, TD7, TDS8, TD8-9 y TD10, y fueron recuperadas durante las campanas de excavacion
del yacimiento de la Gran Dolina entre los afios 1991 y 2016. La cantidad de sedimento
procesado y estudiado difiere entre las distintas unidades (Tabla 1) debido tanto a las
diferencias de potencia entre unidades como a la extensioén excavada y procesadas por unidad
en el momento de realizar este estudio. El material se encuentra depositado en el Area de
Paleontologfa del Departamento de Ciencias de la Tierra de la universidad de Zaragoza.

2.3. Trabajo de campo:

Los restos de pequenos vertebrados se recuperaron mediante el método del lavado-
tamizado con agua a presion de los sedimentos excavados por el equipo de Atapuerca. El
sedimento viene organizado en muestras, donde cada muestra consiste en un volumen de
sedimento bien delimitado (por unidad litoestratigrafica, por cuadro excavado y por
profundidad de sedimento excavado) que se lava de manera independiente. La muestra debe

56



permanecer en remojo entre 5 y 24 horas (dependiendo de la naturaleza del sedimento) para
que la fraccion arcillosa se disgregue. Para el lavado de sedimento se emplea una columna de
tres tamices superpuestos con luz de malla 10, 5 y 0,5 mm respectivamente (de arriba abajo).
El sedimento se vuelca sobre el tamiz superior y se hace pasar a través de la torre con la ayuda
y yu
de una corriente de agua, en este caso extraida del rio Arlanzén mediante una bomba de agua
gua, g
con motor de gasolina. De esta forma, el concentrado no arcilloso de la muestra queda
dividido en dos fracciones en funcién del tamafio de grano: grueso (recogido en el tamiz de
g g e
luz 5 mm) y fino (recogido en el tamiz de luz 0,5 mm). Dicho concentrado se seca al aire libre
y se empaqueta manteniendo siempre la unidad de cada muestra. Gran parte de la fraccion
gruesa de las muestras se tria en el campo, separando los restos fosiles de los cantos detriticos
para reducir asi el volumen de material que debe ser transportado al laboratorio.

TD10 16,18 100

TD8-9 0,25 19
TDS 0,4 599
TD?7 0,35 1
TD6 1345 1315
TD5 22,83 336

TD3-4 5,35 341

Total 59,60 2711

Tabla 1. Caracteristicas de las muestras de TD procesadas por unidad litoestratigrafica; t: toneladas
estimadas de sedimento procesado; NR: numero de restos asignados al orden Chiroptera.

Table 1. Characterization of the TD processed samples by lithostratigraphic unit; t: estimated tons of
processed sediment; NR: number of remains assigned to Order Chiroptera.

2.4. Trabajo de gabinete:

Las muestras obtenidas del lavado-tamizado de sedimento, denominadas técnicamente
levigados, han sido triadas para la separacion de los pequefos fésiles de quirdpteros en los
laboratorios del Area de Paleontologia de la Universidad de Zaragoza. El triado de las
muestras se ha realizado con la ayuda de un microscopio estereoscopico olupa binocular
(modelo Olympus SZ61). Una vez separados los restos identificables, i.e. los que estain mejor
conservados y se pueden medir, se ha procedido a su descripcion, medicion y clasificacion a
nivel de género y especie siempre que ha sido posible. Las medidas tomadas sobre los restos
esqueletales se realizaron con la ayuda de un calibre electrénico (modelo Mitutuoyo Digimatic
Caliper CD-8"CX, Japan) con precision tedrica de 0,01 mm. Los restos dentales se midieron
sobre imagenes digitales de los mismos obtenidas mediante la toma de fotografias con una
camara digital (modelo LC20) unida a la lupa binocular, a 1.5x aumentos. La identificacién de
los restos de quirépteros se basa en los criterios taxonémicos propuestos por los siguientes
autores: para restos craneales Dupuis (1986), Menu & Popelard (1987), Sevilla (1988), Jenrich
et al. (2012) y Galan et al. (2018b); para restos del esqueleto postcraneal Felten et al. (1973),
Dupuis (1986), Dodelin (2002) y Radulet (2003). La nomenclatura anatémica empleada aqui es
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la proporcionada por los autores previamente mencionados junto con Strikler (1978). Ademas,
se ha llevado a cabo la comparaciéon de los restos recuperados con especimenes actuales
procedentes de las colecciones de las siguientes instituciones: Museo de Ciencias Naturales de
la Universidad de Zaragoza, Centro Internacional del Agua y el Medioambiente (CIAMA) de
La Alfranca en Zaragoza, Museo Nacional de Ciencias Naturales de Madrid, Estacion
Biolégica de Dofiana-CSIC de Sevila, Muséum National d'Histoire Naturelle de Patis,
Laboratério de Arqueociéncias de Lisboa, Magyar Természettudomanyi Mizeum de Budapest,
y Smithsonian Institution de Washington.

En el estudio tafonémico de los restos se han realizado los siguientes analisis:
determinaciéon del NMI (niumero minimo de individuos) empleando criterios de lateralidad y
edad de los individuos; la abundancia relativa de cada elemento esquelético representado en la
muestra (segun la férmula Ri=N;-100/NMI'E; donde para un elemento dado i, N; es el
nimero absoluto de elementos esqueléticos en la muestra, NMI es el minimo nimero de
individuos y Ei es el nimero de elementos esqueletales por individuo; de acuerdo con
Andrews 1990; Bennassar 2010); determinacién de los grupos de edad representados en base
al desgaste dental siguiendo a Popov & Ivanova (2002); determinaciéon de las alteraciones
superficiales de los restos siguiendo a Andrews (1990); Bennassar (2010); Fernandez-Jalvo &
Andrews (2010).

Se han analizado cuatro variables como indicadores de paleodiversidad sobre el
conjunto de quirdpteros fésiles a lo largo de la secuencia (adaptados de Medellin et al. 2000):
el nimero de especies presentes por unidad, el indice H de Shannon-Wienner (Magurran
1988) por unidad, el porcentaje que representa la especie dominante sobre el total de
individuos por unidad y el nimero de especies accidentales por unidad (i.e. especies con
menos de 10 individuos en todas las unidades). Una quinta variable se ha analizado como
indicador paleoclimatico: el numero de especies termofilas presentes por unidad (de acuerdo
con las descripciones de Dietz et al. 2009; Palomo et al. 2007; y pertenecientes al grupo de
especies mediterraneas estrictas de acuerdo con Horacek et al. 2000). La aproximacién
paleoambiental se basa en los valores obtenidos mediante la aplicaciéon del método de
ponderacion de habitats (Habitat Weighting en Andrews 2006; Evans et al. 1981).

3. Resultados

3.1. Sistematica paleontoldgica
3.1.1. Rhinolophidae Gray, 1825
3.1.1.1. Rhinolophus Lacépede, 1799

Se trata del unico género en esta familia. Este género de quirdpteros pose denticion
nyctalodonta, con férmula dental 1.1.2.3/2.1.3.3. El esqueleto craneal es caracteristico debido
a que el premaxilar solo esta unido al maxilar a través de una articulaciéon caudal restringida;
este hueso se desprende en las muestras fésiles, por lo que el alveolo mas anterior mostrado
por el maxilar es el de C. Ademas, la coclea presenta una forma espiral conica diagnostica
(Figura 2d; Dietz et al. 2009). C es robusto, trapezoidal y la corona presenta un lado lingual
céoncavo (Figura 2a). P4 y M1 tienen talones bien desarrollados, M2 en menor medida (Figura
2¢). La rama mandibular es rectangular en vista externa, con la barra mandibular entre los
procesos coronoides y condilar practicamente horizontal. Los molares inferiores presentan un
cingulo estrecho y regular. El himero presenta una epifisis proximal diagnéstica por tener un
troquin casi tan grande como el troquiter y una cabeza humeral pequefia y redonda (Dupuis
19806); la epifisis distal presenta un proceso estiloides alargado, una epitréclea amplia (Figura
2d; Dupuis 1986; Felten et al. 1973) y condilos proyectados dorsalmente. El radio es robusto y,
en contraste con la mayorfa de los murciélagos vespertilibnidos excepto Minigpterus, la
insercion de la dlna esta en la zona media de la diafisis; la epifisis proximal (Figura 4¢) difiere
de la de Miniopterus en que tiene una fosa de insercion del biceps abierta y una punta proximal
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redondeada (Dodelin 2002). El fémur tiene una cabeza aplanada y una cresta medial curva y
pronunciada, bien diferenciada del trocanter menor (Figura 4f); la epifisis distal presenta
condilos distales pequefios, con una amplia fosa separando uno del otro.

Taxon n elem n elem n elem
Rhinolophus ferrumequinum 1 C 2 md (fr) 1 ml
1 m3
5 mx (fr) 17 C 2 Ml
11 M2 3 M3 1 md ()
Rhinolophus mehelyi 1 md (ra) 6 md (fr) 8 ¢
2 p4 8§ ml 1 m2
1 m3 14 co 13 hu (fr)
2 ra(fr) 3 fe (fr)
87 mx (fr) 3 1 202 C
3 P2 2 P3 79 P4
124 M1 96 M2 73 M3
37 M (fr) 2 md 31 md (b)
10 md (ra) 347 md (fr) 7 i
121 ¢ 35 p2 17 p3
Myotis myotis 92 p4 160 ml 91 m2
62 m3 27 m (fr) 9 co
2 clav 1 esc (fr) 74 hu (fr)
54  ra (fr) 8 mitcp II (fr) 22 mtcp IIT (fr)
5 mtcp IV (fr) 17 mtcp V (fr) 1 fe
43 fe (fr) 1 d 18 i (fr)
1 diap
3 mx (fr) 2 C 3 P4
Mpyotis bechsteinii 2 M 1  md (ra) 5 md (fr)
3 ml 1 m3 1 fe(fr)
Mpyotis capaccinii 2 md 2 md (b) 5 md (fr)
2 hu (fr) 5 ra(fr)
Myotis nattereri 1 M2
M. nattg;lelzl'z/e ZT;;%IH&WS/ 2 hu (f)
Mpyotis sp. 1  md (fr) 2 ra(fr) 1 t(fr)
2 mx (fr) 2 C 1 M1
Plecotus austriacus 1 M2 1 md (b) 1  md (ra)
7 md (fr) 1 p3 1 p4
2 ml 4 hu (fr) 2 ra (fr)
Barbastella barbastellus 1 ml 5 hu (fr)
6 mx (fr) 37 C 8 P4
13 Ml 18 M2 7 M3
2 M (fr) 3 md 12 md (b)
Miniopterus schreibersii 15 md (ra) 102 md (fr) 5 ¢
4 p2 2 p3 4 p4
20 ml 18 m2 5 m3
4  m (fr) 103 hu (fr) 20 ra (fr)
3 mtcp V (fr) 27 fe (fr) 1 (fr)

Tabla 2. Lista de material estudiado, n: nimero de elementos, elem: elemento, ct: craneo, mx: maxila, I:
incisivo superior, C: canino superior, P: premolar superior, M: molar superior, md: mandibula, md (b):
cuerpo mandibular; md (ra): rama mandibular; i: incisivo inferior, c: canino inferior, p: premolar
inferior, m: molar inferior, co: céclea, esc: escapula, hu: humero, ra: radio, mtcp: metacarpo, fe: fémur,
ti: tibia, fr: fragmento, diap: diafisis.



Table 2. List of studied material, n: number of elements, elem: element, cr: cranium, mx: maxilla, I:
upper incisive, C: upper canine, P: upper premolar, M: upper molar, md: mandible, md (b): mandibular
body; md (ra): mandibular ramus; i: lower incisive, c: lower canine, p: lower premolar, m: lower molar,

co: cochlea, esc: scapula, hu: humerus, ra: radius, mtcp: metacarpal, fe: femur, ti: tibia, fi: fibula, fr:
fragment, diap: diaphysis.
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TD3-4 TD5 TD6 TDS8 TD8-9 TD10 TOTAL
Especie NR NMI NR NMI NR NMI NR NMI NR NMI NR NMI NR NMI
Rhbinolophus mebelyi 19 5 14 3 44 5 25 4 1 1 103 18
Rbinolophus ferrnmequinum 2 1 1 1 2 1 5 3
Myotis myotis 255 23 266 36 835 72 529 32 18 3 98 20 2002 187
Myotis bechsteinii 3 2 7 5 11 3 21 10
Myotis capaccinii 1 1 15 16 8
Myotis natterer: 1 1 1
Myotis nattereri/ emarginatus/ daunbentonii 1 1
Myotis sp. 1 1 1 1 1 4 3
Plecotus austriacus 2 1 2 14 5 2 1 25 9
Barbastella barbastellus 1 1 1 3 3 6 5
Miniopterus schreibersii 41 6 31 9 332 46 34 13 438 74
Vespertilionidae indet. 20 - 20 -
Chiroptera indet. 18 - 5 - 37 - 8 - 68 -
TOTAL 341 39 336 60 1315 143 599 51 19 4 100 21 2711 319

Tabla 3. Presencia en términos de NR (numero de restos) y NMI (minimo niimero de individuos) de cada taxén de murciélago identificado a lo largo de la secuencia

de TD.

Table 3. Presence in terms of NR (number of remains) and NMI (minimum numbers of individuals) of each bat taxon identified through the TD sequence.
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. Rhinolophus ferrumequinum (Schreber, 1774) (murciélago grande de
herradura)

Esta especie es la de mayor tamafo del género Rbinolophus en Europa (material en Tabla 2).
Aparece de manera puntual a lo largo de la secuencia (Tabla 3). Los restos presentan la morfologia
tipica de los murciélagos de herradura (Figura 2a, b). Su gran tamafio (medidas de molares en
Tabla 3) permite asignarlos a esta especie sin lugar a duda distinguiéndolos de los otros dos
miembros del género presentes en el yacimiento.

Distribucion v habitat actual: Rhinolophus ferrumeguinum habita toda la peninsula ibérica,
as{ como las zonas de influencia mediterranea de Europa (y también el sur de Gran Bretana),
del norte de Aftica y de Oriente préximo (Dietz et al. 2009; Palomo et al. 2007). Especie
tipicamente cavernicola, caza en hébitats muy diversos que incluyen bosques, praderas
adehesadas y pastos (Dietz et al. 2009; Palomo et al. 2007). De acuerdo con Palomo et al.
(2007) en Espana se distribuye desde el nivel del mar hasta los 1600 m s. n. m. a lo largo de
todo el territorio, incluida la actual provincia de Burgos.

. Rhinolophus mehelyi Matschie, 1901 (murciélago mediano de
herradura)

Los restos pertenecen a una especie de murciélago de herradura de talla media (Figura
2¢, d; 4d, e, f; material en Tabla 2). Es frecuente a lo largo de toda la secuencia de TD (excepto
en las unidades TD7 y TD10), aunque presenta una abundancia relativamente baja (Tabla 3).
El tamafio de los molares superiores e inferiores (Tabla 4) ha sido comparado con especimenes
actuales pertenecientes a las dos especies del género Rhinolophus de talla media presentes en la
peninsula ibérica; los restos de TD presentan tamafios superiores a los de Rhinolophus enryale
pero se encuentran dentro del rango de variabilidad de R. mebelyi. Los humeros presentan una
epifisis distal con el proceso estiloides cuadrangular caracteristico de R. mebelyi y diferente a R.
euryale (mas esbelto con el extremo redondeado) y R. blasii (terminado en punta) (Figura d;
Dupuis 1986; Felten et al. 1973)

Distribucién y habitat actual: esta especie de marcado caracter termofilo estd presente
en la mitad sur de la peninsula ibérica con el limite norte de su distribucion ajustado a la
isoterma de media anual de 14°C (Palomo et al. 2007), y presenta una distribucién discontinua
a lo largo de las zonas de influencia mediterranea del sur de Europa, norte de Africa y Oriente
proximo (Dietz et al. 2009; Palomo et al. 2007). Especie estrictamente troglofila, caza en
praderas, pastos y campos (Dietz et al. 2009) o zonas con cubierta arborea adehesada (Palomo
et al. 2007). De acuerdo con Palomo et al. (2007) en Espana existen citas hasta a 1200 m s. n.
m. aunque raramente supera los 500 m y se trata de una especie muy poco frecuente en la
zona de estudio.

3.1.2. Vespertilionidae Gray, 1821
3.1.2.1. Myotis Kaup, 1829

Este género de quirdpteros posee denticidon myotodonta, con férmula dental
2.1.3.3/3.1.3.3. Algunas diferencias craneales bésicas frente a otros myotodontos son: el rostro
mas elongado en proporcién a la cavidad craneal y la forma triangular de la rama mandibular,
con el proceso coronoides alto y los procesos condilar y angular menos desarrollados en
propotcién con el primero. El himero presenta una epifisis proximal de cabeza redondeada
con la cresta del troquin poco desarrollada y sin cresta del troquiter; el troquin y los bordes
proximales de la cabeza alcanzan una altura similar, mientras que el borde proximal del
troquiter se extiende por encima de los otros dos. El radio presenta en la epifisis proximal una
fosa de insercion del biceps abierta, buen desarrollo del proceso proximal en forma de punta y
la superficie articular trilobulada sin cresta cruzada. La epifisis distal del radio presenta dos
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Figura 2. Ejemplo de restos craneales del orden Chiroptera de TD; a: C (I), Rhinolophus
ferrumequinum (TD5); b: fragmento mandibula (D) con p4, R. ferrumequinum (TD10); c: fragmento
maxila (I) con M2-M3, Rhinolophus mehelyi (TDG6); d: fragmento bulla timpanica, coclea (I), R.
mehelyi (TD3-4); e: fragmento maxila (D) con P4-M1, Myotis myotis (TD6); f: mandibula (I) con m2-
m3, M. myotis (TD5); g: fragmento mandibula (I) con m1-m3, Myotis bechsteinii (TD5); h: mandibula
(I) con m1-m3, Myotis capaccinii (TDG6); i: M2 (I), Myotis nattereri (TD5); j: fragmento maxila (D) con
M1-M2, Plecotus austriacus (ID8); k: C (D), P. austriacus (TD5); 1: mandibula (I) con m2-m3,
Miniopterus schreibersii (TDG6); m: m1 (I) Barbastella barbastellus (TD5). Escala=1 mm.

Figure 2. Example of cranial remains of order Chiroptera from TD; a: C (Left), Rhinolophus
ferrumequinum (TD5); b: mandible fragment (Right) with p4, R. ferrumequinum (TD10); c: maxilla
fragment (L) with M2-M3, Rhinolophus mehelyi (TDG6); d: tympanic bulla fragment, cochlea (L), R.
mehelyi (TD3-4); e: maxilla fragment (R) with P4-M1, Myotis myotis (TD6); f: mandible (L) with m2-
m3, M. myotis (TD5); g: mandible fragment (L) with m1-m3, Myotis bechsteinii (TD5); h: mandible (L)
with m1-m3, Myotis capaccinii (TDG6); i: M2 (L), Myotis nattereri (TD5); j: maxilla fragment (R) with
M1-M2, Plecotus austriacus (TD8); k: C (R), P. austriacus (TD5); 1: mandible (L) with m2-m3,
Miniopterus schreibersii (TDG6); m: m1 (L) Barbastella barbastellus (TD5). Scale=1 mm.
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1,42
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2,42
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1,43
2,06
1,72
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4
0,75
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min
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SD

1,35
1,36

0,01
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0,04
0,06

0,97
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1,29
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0,03
0,05

0,92
1,02
0,98
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0,05
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1,05
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0,04

3
1,35
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2
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2
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Plecotus
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min
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SD

1,44
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0,00
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1,33
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0,08
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0,70
1,44
1,25
0,14
0,31

0,83
1,03
0,92
0,03
0,08

0,94
1,06
1,00
0,02
0,05

1,31
1,42
1,36
0,02
0,05

0,93
1,02
0,97
0,02
0,04

0,95
1,11
1,02
0,03
0,06

6
1,17
1,29
1,23
0,02
0,04

6
0,82
0,97
0,89
0,02
0,06

6
0,63
0,73
0,69
0,01
0,03

Barbastella
barbastellus

min
max

SE
SD

1,36

0,74

0,83

Miniopterus
schrebersii

min

max
M
SE
SD

14

1,13
1,63
1,53
0,03
0,13

13

1,59
1,86
1,76
0,02
0,07

16
1,45
1,62
1,53
0,01
0,04

18
1,67
1,93
1,85
0,02
0,07

7
1,36
1,49
1,44
0,02
0,04

7
1,75
1,88
1,80
0,02
0,04

34
0,00
1,68
1,39
0,07
0,41

35
0,64
1,28
1,06
0,02
0,13

32
0,99
1,34
1,14
0,02
0,09

66
127
1,79
1,50
0,01
0,09

67
0,87
1,28
1,07
0,01
0,09

67
0,84
1,26
1,07
0,01
0,09

50
0,93
2,16
1,30
0,02
0,15

52
0,72
1,50
0,89
0,02
0,12

51
0,55
1,12
0,75
0,01
0,09

Tabla 4. Medidas molares (en mm) de las especies de murcié¢lagos identificadas; n: nimero de
especimenes; min: minimo; max: maximo; M: media; SE: error estandar; SD: desviacion estandar.

Table 4. Molar measurements (in mm) of the identified bat species; n: number of specimens; min:
minimum; max: maximum; M: media; SE: standard error; SD: standard deviation.

procesos anteriores obtiriformes y la apofisis ulnar es alargada. El fémur presenta una epifisis
proximal mas simétrica lateromedialmente que en otros géneros de vespertilionoideos: los
trocanteres son de tamafio similar entre si y la cabeza es casi esférica (Figura c); la epifisis distal
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presenta coéondilos distales robustos y de contorno oval, el condilo medial esta reducido
respecto al lateral.

. Myotis myotis (Borkhausen, 1797) (murciélago ratonero grande)

Se trata de una especie que aparece de manera constante a lo largo de toda la secuencia
de TD (material en Tabla 2), presentando una gran abundancia (Tabla 3). Junto con Myotis
blythii, esta especie forma el complejo de murciélagos ratoneros de gran tamafo que habitan
Europa y la peninsula ibérica; su gran talla las hace facilmente distinguibles de otros
murciélagos del mismo género. En el esqueleto postcraneal, algunos caracteres diagnosticos
ademas de la gran talla de los restos son: la epifisis distal del humero carente de proceso
estiloides y los bordes proximales de la troclea y el condilo alcanzando una altura similar en
vista externa; la epifisis proximal del radio presenta la fosa de insercién del biceps abierta. La
distincion entre las dos especies hermanas M. myotis y M. blythii se basa principalmente en el
tamafio ya que morfologicamente son muy similares, siendo M. myotis ligeramente mayor. El
material asignado a esta especie se ha identificado en base al tamafio del esqueleto craneal
(Figura 2e,f) y postcraneal (Figura 4a,b,c), y la talla de los molares de TD y de especimenes
actuales (Figura 3; Tabla 4).
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Figura 3. Representacion de la media, la desviacion estandar y los valores minimo y maximo para la
longitud (en mm) de los tres molares superiores, M1 (L), M2 (L) y M3 (L), y los tres molares inferiores,
ml (1), m2 (1) y m3 (I) de especimenes del complejo Myotis myotis/Myotis blythii; a: especimenes
fosiles de TD; b: individuos actuales de M. myotis (datos de Galan et al. 2018b); c: individuos actuales
de Myotis blythii (datos de Galan et al. 2018b); n: nimero de medidas tomadas.

Figure 3. Representation of the mean, the standard deviation and the minimum and maximum values
for the length (in mm) of the three upper molars, M1 (L), M2 (L) and M3 (L), and the three lower
molars, ml (1), m2 (I) and m3 (I) of specimens of the Myotis myotis/Myotis blythii complex; a: fossil
specimens from TD; b: extant individuals of M. myotis (data of Galan et al. 2018b); c: extant individuals
of Myotis blythii (data from Galan et al. 2018b); n: number of measurements taken.
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Distribucién y habitat actual: esta especie esta presente en toda la peninsula ibérica, asi
como en el area continental de Europa occidental y central. En general, establece sus colonias
en cavidades karsticas situadas en areas boscosas, aunque caza en praderas, pastos y campos
(Dietz et al. 2009; Palomo et al. 2007). De acuerdo con Palomo et al. (2007) el registro de esta
especie a mayor altitud en Espafa es 2060 m s. n. m. (Sierra de Almijara, Malaga), y

actualmente es una especie muy frecuente en la zona de estudio.

. Myotis bechsteinii (Kuhl, 1817) (murciélago ratonero forestal)

El material asignado a esta especie (Tabla 2) presenta la morfologia tipica de las
especies de murciélagos ratoneros (ver descripcion género Myotis), pero pertenece a una
especie de talla media. Presenta registro en las unidades del Pleistoceno Inferior de la
secuencia de TD (Tabla 3). Los elementos craneales y dentales (Figura 2g) recuperados se han
comparado con especimenes actuales de especies europeas de talla media pertenecientes al
género Myotis. Presentan tamafios dentro de la variacion de M. bechsteinii y superiores a otros
taxones similares en morfologia (Myotis emarginatus y Myotis nattereri). Los humeros recuperados
presentan una epifisis distal con el proceso estiloide poco desarrollado hacia mesial
caracteristico de M. bechsteiniz; ademas su tamafio es superior al de los himeros de otros Myotis
de talla media como M. emarginatus, M. nattereri, M. daubentonii o M. brandtii. 1Los radios
recuperados presentan una epifisis proximal con una barra longitudinal relativamente gruesa y
larga y la abertura en angulo obtuso de la unién entre dicha barra longitudinal y la proximal
que son diagnosticos de M. bechsteinii (Dodelin 2002); su tamano coincide con el material de
referencia consultado.

Distribucién y habitat actual: esta especie esta presente en la franja norte y central, y

parte del sur de la peninsula ibérica (Palomo et al. 2007), asi como en la mayor parte del area
continental de Europa occidental y central y el sur de Gran Bretana (Dietz et al. 2009).
Aunque no es una especie frecuente en Europa, aparece fuertemente ligada a los bosques
caducifolios maduros, donde utiliza los arboles como refugio, aunque en ocasiones también
ocupa cavidades karsticas (Dietz et al. 2009). En Espafia también habita bosques de coniferas,
la cita registrada a mayor altitud es de 1500 m s. n. m. en el Sistema Central y no existen citas
actuales de su presencia en la zona de estudio (Palomo et al. 2007).

. Myotis capaccinii (Bonaparte, 1837) (murciélago ratonero patudo)

El material asignado a esta especie (Tabla 2) presenta la morfologia tipica de los
murciélagos ratoneros (ver descripcion género Myotis), pero pertenece a una especie de talla
media a pequefia. Aparece representada en las unidades TD5 y TDG de la secuencia (Tabla 3).
Los restos dentales y mandibulares (Figura 2h) recuperados presentan tamanos en el rango de
solapamiento entre las especies M. capaccinii y Myotis natteri, y los molares inferiores presentan
caracteres compartidos por ambas especies: en vista oclusal, la entocréstida es recta y las
cuspides linguales y el hypoconulido estan alineados; en vista labial presentan un cingulo
grueso e irregular con engrosamientos angulosos en la base del protocénido y el hipocénido;
en vista lingual, presentan un pequefio cingulo en la base del trigonido (Sevilla 1988). Sin
embargo, el p4 en esta especie presenta una cuspide situada mas distalmente, y en vista oclusal
es mas cuadrangular que rectangular (pers. obs.). La epifisis distal del himero posee una
anchura dentro del rango de variacién de otros Myotis de talla media a pequefia como Myotis
danbentonii, Myotis brandtii, Myotis emarginatus y M. natterers, pero se distingue de ellos en la
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posicion relativa de la tréclea y 1a epitroclea, donde el borde proximal externo de la primera se
extiende hasta el borde proximal interno de la segunda (Figura 4k; Felten et al. 1971; Dodelin
2002). Los radios recuperados presentan en la epifisis proximal una barra longitudinal
relativamente gruesa que junto con la abertura en angulo muy agudo de la unién entre la barra
longitudinal y la proximal son caracteres diagnosticos de esta especie (Dodelin 2002); su
tamafo coincide con el material de referencia consultado.

Distribuciéon y habitat actual: esta especie esta presente a lo largo del levante

peninsular, es claramente termofila (Palomo et al. 2007) y presenta una distribucion
discontinua a lo largo de las zonas de influencia mediterranea del sur de Europa, el norte de
Africa y Oriente préximo (Dietz et al. 2009; Palomo et al. 2007). Muestra preferencia por las
zonas con clima continental calido y las areas ricas en cavidades karsticas (Dietz et al. 2009).
Especie troglofila estricta, caza exclusivamente sobre la superficie de aguas tranquilas, situando
sus refugios en las proximidades de ecosistemas acuaticos (Dietz et al. 2009; Palomo et al.
2007). En Espafa aparece tnicamente en las zonas de influencia mediterranea y no hay citas
actuales de su presencia en el interior de la peninsula (Palomo et al. 2007).

. Myotis nattereri (Kuhl, 1817) (murciélago ratonero gris)

El material asignado a esta especie (Tabla 2), un unico M2 recuperado en la unidad
TD5 (Figura 2i, Tabla 3), presenta la morfologia tipica de los murciélagos ratoneros (ver
descripcion género Myotis) y una talla en los rangos de variacion de M. nattereri, Myotis
emarginatus y Myotis capaccinii. Su identificacion se basa en la ausencia de paralofo y metalofo
(presentes en M. capaccinii) y su borde distal recto (distinto a M. emarginatus).

Distribucién y habitat actual: esta especie, aunque poco frecuente, esta presente en

toda la peninsula ibérica, y presenta una amplia distribucién a lo largo de la Europa continental
y las islas britanicas, hasta el sur de Escandinavia, también aparece puntualmente en el norte
de Africa y en Oriente préximo (Dietz et al. 2009; Palomo et al. 2007). Utiliza gran variedad de
habitats para el forrajeo, aunque muestra cierta preferencia por las zonas de bosque (Dietz et
al. 2009; Palomo et al. 2007), y utiliza diversos tipos de refugios, en general emplea lugares
subterraneos tipo cueva en invierno, mientras que en verano se refugia en arboles (Dietz et al.
2009). De acuerdo con Palomo et al (2007) su rango altitudinal en Espafia oscila entre el nivel
del mar y los 1500 m de altitud, y existen numerosas citas de su presencia en la zona de

estudio actualmente.

. Mpyotis nattereri/emarginatus/daubentonii

El material asignado a este grupo de especies (Tabla 2), una tnica epifisis distal de
himero recuperada en la unidad TDG6 (Tabla 3), presenta la morfologia tipica de los
murciélagos ratoneros (ver descripcion género Myotis) y una talla en los rangos de variacion de
estas tres especies.

. Myotis sp.

El material asignado al género Mjyotis, pero con asignaciéon de especie abierta, una
epifisis proximal de humero (unidad TDG), dos epifisis distales de radio (unidades TD5 y TD8
respectivamente) y una tibia (unidad TD6), presentan la morfologia tipica de los murciélagos
ratoneros (ver descripcion género Myotis) y un tamafio correspondiente con especies de talla
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media a pequefia, pero el estado de conservaciéon de los restos no ha permitido una
identificaciéon mas precisa.

3.1.2.2. Plecotus Geoffroy Saint-Hilaire, 1818

Este género de quirdpteros pose denticibn myotodonta, con férmula dental
2.1.2.3/3.1.3.3. Algunos caracteres motfolégicos craneales que les diferencian de otros
myotodontos de talla media y misma férmula dental son: craneos con bulla timpanica de gran
tamafio, la forma cuadrangular de la rama mandibular con el proceso condilar relativamente
alto y solo ligeramente por debajo del coronoides y un proceso angular muy desarrollado y
robusto, el contorno subtriangular de P4 con el taléon desplazado hacia anterior, el contorno
redondeado de la base del protocono de M1 y M2 (Figura 2j), el cingulo regular en la base del
protocono de M1, M2 y M3 (Figura 2j), el contorno recto de la cara posterior de estos molares
(sin concavidad a la altura del metalofo, Figura 2j) y el contorno cuadrangular de p4. La
epifisis distal del humero presenta un abultamiento en el extremo proximal de la unién entre
troclea y condilo (en vista externa) mientras que otros vespertilionidos de talla similar
presentan un adelgazamiento. La epitréclea es completamente visible en vista externa mientras
que en otros vespertilionidos aparece parcialmente oculta por la troclea. La epifisis proximal
del radio presenta una fosa de inserciéon del biceps con la barra transversal mucho mas fina
que la de otras especies de morfologia y tamafno semejante (1. e. Myotis de talla media y
pequefia).

. Plecotus austriacus Fischer, 1829 (murciélago orejudo gris)

El material asignado (Tabla 2) presenta la morfologia tipica de las especies de Plecotus
(Figura 2j,k; 4j). Este tax6n aparece de maneral habitual, aunque con escasa abundancia a lo
largo de la secuencia de TD, habiéndose registrado en todas las unidades excepto TD7, TD8-9
y TD10 (Tabla 3). El tamafio de los molares (Tabla 4) se encuentra dentro de los rangos de
variabilidad de Plecotus auritus Linnaeus, 1758 y Plecotus anstriacus Fischer, 1829 (de acuerdo con
Dupuis 1986; Sevilla 1988), asi como las medidas craneales que han podido ser tomadas: M1-
M3 y m1-m3 (de acuerdo con Menu & Popelard 1987). Por otro lado, el tnico C completo
recuperado (Figura k) presenta una altura maxima de la corona de 2,14 mm, lo que de acuerdo
con los datos de Pavlini¢ & Dakovi¢ (2016) corresponde a la especie P. austriacus, las dos
epifisis distales de himero recuperadas presentan una epifisis distal con la unién entre
epitréclea y proceso estiloide en angulo (Figura 4j), un caracter que se considera también
propio de P. austriacus trente a P. auritus (Balcells 1963; Sevilla 1988; Felten et al. 1973; Dupuis
1986).

Distribucién y habitat actual: esta presente en toda la peninsula ibérica y en la mayor
parte del area continental de Europa occidental y central (Dietz et al. 2009; Palomo et al.
2007). Aunque ocupa hébitats diversos, muestra en general preferencia por las zonas abiertas
(Dietz et al. 2009). Ha sido registrada en Espafa y Europa en altitudes superiores o en torno a
los 2000 m s. n. m. (Dietz et al. 2009; Palomo et al. 2007) y existen numerosas citas actuales de

esta especie en el area de estudio (Palomo et al. 2007).

3.1.2.3. Barbastella Grey, 1821
Este género de quirdpteros posee denticion nyctalodonta, con férmula dental
2.1.2.3/3.1.2.3.
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. Barbastella barbastellus (Schreber, 1774) (barbastela)

Aunque el numero de elementos recuperados es escaso (cinco epifisis distales de
himero y un ml, Tabla 2), esta especie aparece representada en todas las unidades del
Pleistoceno Inferior de TD (Tabla 3). El m1 (Figura 2m) presenta un trigbnido muy abierto
con cingulo lingual, y el cingulo labial es fino y ligeramente irregular; la posicién de entocénido
e hypoconulido mas hacia la parte mesial que las otras dos cuspides linguales es uno de los
caracteres que permiten diferenciarlo de otros nyctalodontos de talla similar (Miniopterus
schreibersii y Rhbinolophus hipposiderns). La epifisis distal del himero es diagnostica debido al
proceso estiloides en forma de delta que sobrepasa el extremo distal de la epitroclea (Figura
4]), un caracter que lo distingue de otros vespertilionidos europeos de similar talla. Algunas
especies del género Pipistrellus presentan un proceso estiloides de morfologia similar, pero el
tamano del humero es claramente menor (Felten et al. 1973).

Distribuciéon y habitat actual: en la peninsula ibérica la mayoria de las citas proceden de
la mitad septentrional, y se distribuye ampliamente a lo largo de Europa incluido éreas’del sur
de las islas britanicas y el sur de Escandinavia, asi como zonas puntuales del norte de Africa y
el Caucaso (Dietz et al. 2009; Palomo et al. 2007). En general aparece ligada a ambientes
forestales o arbolados, y utiliza diversos tipos de refugios, en general emplea lugares
subterraneos tipo cueva en invierno, mientras que en verano se refugia en arboles (Dietz et al.
2009; Palomo et al. 2007). En Espafia, la mayoria de las observaciones se han realizado entre
los 70 m y los 1300 m de altitud (aunque en Pirineos hay citas hasta los 2260 m s. n. m.) y
aunque no es muy frecuente, existen citas actuales de esta especie en el area de estudio

(Palomo et al. 2007).

1.1.1. Miniopteridae Dobson, 1875
1.1.1.1. Miniopterus Bonaparte, 1837
Este género de quirépteros posee denticion nyctalodonta, con férmula dental

2.1.2.3/3.1.3.3. Algunas diferencias morfoldgicas craneales frente a otros nyctalodontos de
talla media son el rostro achatado y el craneo alto con el area frontal subvertical. Los molares
superiores presentan talén sin hipocono. P3 y p3 poseen una rafz extra frente a las otras
especies de quirdpteros presentes en el yacimiento (tres y dos raices respectivamente), lo que
otorga un alveolo extra a maxilar y mandibula. Los molares inferiores presentan un cingulo
irregular (grueso en el trigonido y fino en el talénido, Figura 21).
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Figura 4. Ejemplo de restos postcraneales del orden Chiroptera de TD. Myotis myotis, a: epifisis distal
(I) de humero (TD10); b: epifisis proximal (D)de radio (TD10); c: epifisis proximal (I) de fémur (TD6).
Rhinolophus mehelyi, d: epifisis distal (I)de humero (TD5); e: epifisis proximal (D) de radio (TDG); f:
epifisis proximal (D) de fémur (TDG6). Miniopterus schreibersii, g: epifisis distal (I) de humero (TD3-4);
h: epifisis proximal (I) de radio (TDG6); i: epifisis proximal (I) de fémur (TDG6). Plecotus austriacus, j:
epifisis distal (D) de humero (TD6). Myotis capaccinii, k: epifisis distal (D) de humero (TDG6).
Barbastella barbastellus, 1: epifisis distal (D) de humero (TD6). Escala=1mm.

Figure 4. Example of postcranial remains of order Chiroptera of TD. Myotis myotis, a: (Left) humerus
distal epiphysis (TD10); b: (Right) radius proximal epiphysis (TD10); c: (L) femur proximal epiphysis
(TDG6). Rhinolophus mehelyi, d: (L) humerus distal epiphysis (ITD5); e: (R) radius proximal epiphysis
(TD6); f: (R) femur proximal epiphysis (TDG6). Miniopterus schreibersii, g: (L) humerus distal
epiphysis; h: (L) radius proximal epiphysis (TD6); i: (L) femur proximal epiphysis (TDG6). Plecotus
austriacus, j: (R) humerus distal epiphysis (TD6). Myotis capaccinii, k: (R) humerus distal epiphysis
(IDG6). Barbastella barbastellus, 1: (R) humerus distal epiphysis, (TDG6). Scale = Imm.
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. Miniopterus schreibersii Kuhl, 1817 (murciélago de cueva)

Esta es la unica especie del género presente en Europa y la peninsula ibérica. Aparece
de manera frecuente a lo largo de toda la secuencia de TD (excepto en las unidades TD?7,
TD8-9 y TD10) y presenta una abundancia relativamente alta (Tabla 3; material en Tabla 2). En
contorno oclusal de C es ovalado, y la corona presenta surcos longitudinales profundos tanto
en la cara lingual como en la labial. P4, M1 y M2 poseen talones bien desarrollados donde el
cingulo se engrosa relativamente. En el caso de P4 el cingulo lingual presenta un apuntamiento
en la zona de unién con la arista entre las caras anterior y posterior, en forma de cuspide extra.
El contorno oclusal de p4 es triangular. Los molares inferiores presentan un trigonido
relativamente cerrado con cingulo lingual; en el taldnido, la posiciéon del entocédnido es
siempre mas hacia la parte lingual que la del hypoconulido. La rama mandibular tiene forma
cuadrada con los procesos coronoides y articular a similar altura; la unién con el cuerpo forma
un angulo bien marcado. El humero se caracteriza por presentar una epifisis proximal con el
troquin ancho en forma de oreja, cuyo extremo proximal queda muy por debajo del extremo
proximal del troquiter, y una cabeza de forma oval que se inclina hacia el troquiter, cuyo
extremo proximal sobrepasa ligeramente el del troquin. La epifisis distal del himero es
diagnéstica debido al proceso estiloides largo y aplanado en forma de pala, la marcada fosa del
olecranon y el surco profundo entre el condilo y el epicondilo (Figura 4g). El radio se
caracteriza por presentar una epifisis proximal con un proceso largo y puntiagudo y una fosa
de insercion del biceps practicamente cerrada y arrifionada (Figura 4h). El fémur posee una
cabeza proyectada anteriormente, y ligeramente aplanada en el borde distal (Figura 4i); la
epifisis distal presenta céndilos distales casi simétricos, de contorno subrectangular y mas
reducidos longitudinalmente que otros vespertilionoideos.

Distribucién y hébitat actual: esta presente en toda la peninsula ibérica, aunque es mas

abundante en la franja mediterranea y la mitad sur peninsular, y se distribuye de forma
continua a lo largo de la Europa mediterranea, el norte de Africa y Oriente préximo (Dietz et
al. 2009; Palomo et al. 2007). Aunque ocupa toda la variedad de habitats tanto en el dominio
termomediterraneo como supramediterraneo, en conjunto muestra en preferencia por las
zonas boscosas (Dietz et al. 2009). Es una especie tipicamente cavernicola, que en Espafa ha
sido citada desde el nivel del mar hasta los 1400 m de altitud y de la que existen numerosas
citas de su presencia en la actualidad en la zona de estudio (Palomo et al. 2007).

4.2. Observaciones tafonémicas
La abundancia de restos fésiles de murciélagos es variable a lo largo de las distintas
unidades de la secuencia de la Gran Dolina (Figura 5); la unidad TD8 es la mas rica en este
tipo de restos, mientras que la presencia de restos es muy baja en la unidad TD10 y
practicamente nula en las muestras procedentes de la unidad TD7 (donde un tGnico espécimen
ha sido recuperado). Al mismo tiempo, la abundancia de quirépteros fosiles a lo largo de dicha
secuencia es relativamente baja si se compara con la de otros grupos de pequefios vertebrados,
como reptiles y anfibios, roedores o insectivoros (Blain et al. 2008; Cuenca-Bescos et al. 2011;

Lépez-Antonanzas & Cuenca-Bescos 2002).
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Figura 5. Abundancia de restos del orden Chiroptera a lo largo de la secuencia de TD; NMI/Kg:
minimo numero de individuos por Kg de muestra procesado; NR/Kg: niimero de restos de quirépteros
por Kg de muestra procesado.

Figure 5. Order Chiroptera remains abundance along the TD sequence; NMI / Kg: minimum number
of individuals per Kg of processed sample; NR/Kg: number of bat remains by Kg of processed sample.

El conjunto de restos de quirépteros recuperados e identificados se compone de
elementos desarticulados pertenecientes tanto al esqueleto craneal como al postcraneal.
Presentan coloraciones que varfan desde el blanco hasta el castafio oscuro y negro y aparecen
bastante fracturados (Figura 2, 4), siendo muy escasos los restos completos tanto de huesos
largos como de huesos del craneo. Se observa que en todas las unidades tiene lugar una
pérdida diferencial del esqueleto postcraneal. La pérdida de elementos esqueletales muestra
ligeras variaciones a lo largo de la secuencia, pero puede identificarse una pauta comun a todas
las unidades donde el valor mas alto de abundancia relativa es siempre para la mandibula,
seguido en general por los molares y los dos huesos largos mas robustos del esqueleto de los
quiropteros: el humero y el radio (Figura 6). Algunos restos puntuales presentan marcas de
disolucion. La composicion por grupos de edad en el registro de TD esta aparentemente mas
relacionada con el taxén caracterizado que con la unidad de registro (Figura 7). Asi, entre las
especies mas frecuentes a lo largo de la secuencia, se observa que en Myotis myotis predominan
generalmente los individuos adultos mientras que en Miniopterus schreibersii y Rhinolophus mebelyi
se registran sobre todo individuos subadultos; la excepcion es el registro en TD10 de Myotis
myotis, donde la presencia de individuos adultos es inferior a la suma de subadultos y adultos
mayores (Figura 7). Entre las especies accidentales (con menos de 10 individuos en cualquiera
de las unidades) la composicion es muy variable. Myotzs bechsteinii presenta un patrén similar a
M. myotis (aunque la cantidad de datos disponibles es menor), mientras que en Plecotus austriacus
no aparecen registrados individuos adultos mayores y la proporcion entre subadultos y adultos
es variable; en el resto de las especies solo se ha podido determinar el grupo de edad al que
pertenecen individuos puntuales por unidad: los datos registrados son muy escasos, por lo que
no son significativos.
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Figura 6. Composicién del registro de cada unidad litoestratigrafica en términos de abundancia relativa
(Ri) de los principales elementos esqueletales presentes, numero absoluto de elementos sobre cada
barra (la unidad TD7 ha sido excluida del analisis por la escasez de restos registrados, un tnico
espécimen); mx: maxilar; md: mandibula; m: molar; co: cdclea; clav: clavicula; hu: himero; ra: radio;
mtcp (II-V): metacarpos 2° a 5% fe: fémur; ti: tibia.

Figure 6. Composition of the assemblage of each lithostratigraphic unit in terms of relative abundance
(Ri) of the main skeletal elements present, the absolute number of elements is indicated over each bar (
he TD7 unit has been excluded from the analysis due to the scarcity of registered remains, a single
specimen); mx: maxilla; md: mandible; m: molar; co: cochlea; clav: clavicle; hu: humerus; ra: radius;
mtcp (II-V): metacarpals 2nd to 5th; fe: femur; ti: tibia.

3.3. Aproximacion paleoclimatica y paleoambiental

Las especies registradas habitan en la actualidad la peninsula ibérica y Europa; se trata
de una asociaciéon vinculada actualmente a las areas de influencia mediterranea y las especies
Rbinolophus mebelyi, Myotis capaccinii y Minigpterus schreibersii son claramente termofilas (Palomo et
al. 2007). La mayoria de los quirdpteros registrados son especies de habitats cavernicolas
(estrictos algunos, como Rbznolophus mehelyi, Rhinolophus ferrumequinum, NMyots myotis o Miniopterus
schreibersiz; ocasionales otros, como los Myotis de talla pequena o Plecotus austriacus, Dietz et al.
2009; Palomo et al. 2007) y en el caso de las dos especies mas frecuentes en la secuencia de
TD, Myotis myotis y M. schreibersii, tienden a formar grandes colonias (Dietz et al. 2009; Palomo
et al. 2007). El registro muestra la presencia de especies con preferencia tanto por las zonas
boscosas (R. ferrumquinum, M. myotis, Myotis bechsteinii, Barbastella barbastellus, Tabla 5) como por
las zonas abiertas (R. mebelyi, P. austriacus, Tabla 5), otras de habitos generalistas (Myotis nattererii,
M. schreibersii, Tabla 5) y la especie M. capaccinii que exclusivamente caza sobre masas de agua
(Tabla 5; Palomo et al. 2007). Los mayores niveles de diversidad, considerando tanto el
numero total de especies presentes en la asociacién, como la probabilidad de que dos
individuos recogidos al azar pertenezcan o no a la misma especie (indice de Shannon H’), se
dan en las unidades de la base de la secuencia (TD3-4, TD5 y TDG6) correspondientes al
Pleistoceno Inferior post-Jaramillo (Figura 8), mientras que la dominancia de la especie Myotis
myotis es especialmente alta en los niveles TD8-9 y TD10 a techo de secuencia (Figura 8). Las
mencionadas unidades de base de la secuencia presentan el mayor nimero de especies
accidentales (especies representadas por menos de 10 individuos en todas las unidades, Figura
8). Las unidades TD5 y TD6 registran el mayor nimero de especies termofilas, seguidas por
las unidades TD3-4 y TD8 (Figura 8). En cuanto a la composicién del ambiente de cada
unidad inferida a partir de la asociacion de quirdpteros fosiles, el registro indica un paisaje
mosaico con predominio de las zonas boscosas y de transicién alternadas con areas mas
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abiertas y zonas de roquedo, que se mantiene aproximadamente constante a lo largo de la
secuencia de TD. Destaca la evidencia de presencia de habitats acuaticos en las inmediaciones
en las unidades TD5 y TDG (Figura 8).

R. ferrumeq. R. mehelyii M. myotis M. bechstei. M. capacci. M. nattere. P austriac. B. barbaste. M. schreibe.

TD10-

subadulto
adulto
TD8-9-
adulto mayor
TD8-
TD6-
TD5-
TD3-4-

I T 11 T 11 T 11 T 11 T 1T T 11 T 17 T 17 T 1
0% 100% 0% 100% 0% 100% 0% 100% 0% 100% 0% 100% 0% 100% 0% 100% 0% 100%

Figura 7. Porcentaje (%) que representa cada grupo de edad basado en el desgaste dental (subadultos,
adultos, adulto mayores) en cada especie a lo largo de las sucesivas unidades litoestratigraficas de TD.
La unidad TD?7 ha sido excluida del analisis por la escasez de restos registrados (un inico espécimen).

Figure 7. Percentage (%) represented by each age group based on dental wear (subadults, adults, old
adults) in each species along the successive lithostratigraphic units of TD. The TD7 unit has been
excluded from the analysis due to the scarcity of registered remains (a single specimen).

Especie AS AH Bo Ac Ro
Rhinolophus mehelyi 60 0 20 0 20
Rhinolophus ferrumequinum 0 0 80 0 20
Myotis myotis 0 80 0 20

Myotis bechsteinii 0 90 0 10
Mpyotis capaccinii 0 0 80 20
Myotis nattereri 20 20 30 20 10
Plecotus austtiacus 0 90 0 0 10
Barbastella barbastellus 0 0 90 0 10
Miniopterus schreibersii 20 20 40 0 20

Tabla 5. Porcentajes de preferencia por cada tipo de habitat atribuidos a cada especie de acuerdo con
Dietz et al. (2009); Palomo et al. (2007). AS: ambiente abierto y seco; AH: ambiente abierto y himedo;
Bo: ambiente de bosque y de transicién; Ac: ambiente acuatico y de borde; Ro: ambiente de roquedal.

Table 5. Percentages of habitat preferences attributed to each species according to Dietz et al. (2009);

Palomo et al. (2007). AS: open and dry environment; AH: open and humid environment; Bo: forest and
transitional environment; Ac: aquatic and edge environment; Ro: rocky environment.
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Figura 8. Indicadores de paleodiversidad y paleoambiente analizados sobre la asociacion de quirépteros
de TD. N: numero de especies; H’: indice de Shannon-Wienner; % espd: porcentaje que representa los
individuos de la especie mas abundante sobre el total; n espa: nimero de especies accidentales (menos
de 10 individuos en todas las unidades); n espt: numero de especies termofilas; h: porcentajes atribuidos
a cada tipo de habitat mediante la aplicaciéon del método de ponderacion de habitats; AS: ambiente
abierto y seco; AH: ambiente abierto y hiimedo; Bo: ambiente de bosque y de transicién; Ac: ambiente
acuatico y de borde; Ro: ambiente de roquedal.

Figure 8. Palaeodiversity and palaeoenvironmental indicators analysed on the association of bats of TD.
N: number of species; H’: Shannon-Wienner index; % espd: percentage represented by the individuals
of most abundant species on the total; n espa: number of rare species (less than 10 individuals in all
units); n espt: number of thermophilic species; h: percentages attributed to each type of habitat through
the application of the habitat weighting method; AS: open and dry environment; AH: open and humid
environment; Bo: forest and transition environment; Ac: aquatic and edge environment; Ro: rocky
environment.

4. Discusion

4.1. Origen de la acumulacién

Los elementos esqueléticos de quirdépteros con mayor abundancia relativa en el
registro de la Gran Dolina son en todos los casos aquellos con una durabilidad potencial alta
(Lopez-Garcia et al. 2011d): molares (dentina recubierta de esmalte, una fase mineral mas dura
y cristalograficamente mas densa que la del hueso) y mandibulas, himeros y radios (los huesos
mas robustos dentro del esqueleto de los quirdpteros). Las caracteristicas del yacimiento,
formado en una cavidad karstica, junto con la alta dominancia de especies de quirépteros
cavernicolas tipicamente formadores de grandes colonias (Myotis myotis, menos abundante
Miniopterus schreibersiiy apuntan a un origen de la acumulacién por muerte natural de los
individuos en el interior de la cueva (Galan et al. 2016a; 2018a; Lopez-Garcia et al. 2011d)
concordante con la ausencia practicamente total de marcas de disolucion en los restos; la
pérdida diferencial de elementos esqueletales serfa debida al transporte de los restos en el
interior de la cavidad. La pequefia cantidad de restos de quirpteros registrados en
comparacion con la de otros grupos de pequefios mamiferos, reptiles y anfibios (Blain et al.
2008; 2009; Cuenca-Bescos et al. 2011; Lopez-Antofianzas & Cuenca-Bescos 2002) y el origen
aléctono del sedimento en la mayoria de las unidades (Campafia et al. 2015) indican sin
embargo un origen mixto de la acumulacion del conjunto de pequenos vertebrados (Kowalski
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1995; Lopez-Garcia et al. 2011d) donde predominarian los aportes procedentes del exterior
(en el caso del registro de pequefios vertebrados, animales que no habitan en cuevas pero han
sido depredados y acumulados en la entrada de la cavidad, Blain et al. 2008; 2009; Cuenca-
Bescos et al. 2011). La presencia mayoritaria de individuos subadultos en dos de las tres
especies mas frecuentes a lo largo de la secuencia, Rhinolophus mebelyi y Miniopterus schreibsersiz,
apuntarfa hacia el uso de la cavidad como lugar de refugio durante la época de cria (Sevilla
1986) por parte de dichas especies (estacion calida, Dietz et al. 2009; Palomo et al. 2007). Por
el contrario, en el caso de la especie dominante Myotis myotis, la presencia mayoritaria de
individuos adultos (aunque todas las edades estan representadas) podria interpretarse como un
uso de la cavidad como refugio a lo largo de todo el afio; a techo de la secuencia (unidad
TD10) se observa sin embargo un descenso relativo de los individuos adultos registrados en
favor de los subadultos y adultos mayores, lo que se corresponderia con la tanatocenosis de
una colonia de hibernacién, como propone Sevilla (1986) para otros yacimientos.

4.2. Registro de quirépteros del Pleistoceno Inferior y Medio en la mitad

norte peninsular

El conjunto de taxones del orden Chiroptera identificados a lo largo de la secuencia
TD es coherente con los datos procedentes de los otros yacimientos de edad Pleistoceno
Inferior y Medio en Atapuerca, en los que se registra una fauna de quirdpteros similar, aunque
menos diversa (Tabla 6). En la Unidad Inferior Roja, TELRU, de la Sima del Elefante de
Atapuerca (Rosas et al. 2001; 2004; 2006), de edad Pleistoceno Inferior pre-Jaramillo (Cuenca-
Bescos et al. 2010b, 2017), se han identificado seis taxones (Galan et al. 2016a; Tabla ), todos
ellos presentes en las unidades del Pleistoceno Inferior de TD excepto cf. Eptesicus. La gran
diversidad de quirépteros de las unidades del Pleistoceno Inferior de TD contrasta con el
registro mucho menos diverso de los mencionados niveles de TELRU. Las asociaciones de
otros micromamiferos registradas en ambos yacimientos, principalmente roedores, también
muestran fuertes diferencias, lo que se interpreta como un salto temporal entre ambas
secuencias (Cuenca-Bescos et al. 2015). En comparaciéon con los datos procedentes de los
yacimientos de edad Pleistoceno Medio de Atapuerca (Complejo Galerfa-Zarpazos, la Sima de
los Huesos y los niveles de la Unidad Superior Roja, TEURU, de La Sima del Elefante, ver
Tabla ) destaca también la mayor diversidad registrada en las unidades de TD. En estos
yacimientos se ha constatado el registro de varios taxones de quirdpteros (Tabla )
correspondientes con las especies mas frecuentes de las unidades TD8 a TD10. La excepcion
es la especie Myotis blythii, identificada en la unidad LU-11 de la Sima de los Huesos (Capitulo
5) y quiza presente en TEURU (donde se ha identificado material con asignacion abierta
Myotis myotis/ blythii, L.opez-Garcia et al. 2011b), pero cuya presencia se descarta en TD y no se
ha citado en el complejo Galerfa-Zarpazos (Tabla ; Cuenca-Bescés & Garcia, 2007; Galindo-
Pellicena et al. 2011; Capitulo 5).

Por otro lado, nuestros resultados muestran importantes diferencias entre una primera
parte de la secuencia de TD (unidades TD3-4 a TDS8 excepto la unidad estéril TD7) de edad
Pleistoceno Inferior final a Pleistoceno Medio, y la parte superior (unidades TD8-9 y TD10)
de edad Pleistoceno Medio, siendo la diversidad especifica mucho mayor en el primer tramo
donde ademas aparecen un mayor numero de especies accidentales (Tabla 3, Figura 8). En
relacién con estas especies accidentales, cabe destacar que la unidad TD3-4 aporta el registro
mas antiguo en Espafia de la especie Barbastella barbastellus. Las especies Myotis bechsteinii, Myotis
nattererii y Myotis capacciniz, citadas en el Pleistoceno Inferior del yacimiento de Quibas (Sevilla
et al. 2014), y también en Cueva Victoria en el primer caso (Sevilla 2012) aparecen por primera
vez en la mitad norte de la peninsula ibérica en los niveles TD3-4 y TD5. Los resultados de
este trabajo revelan la presencia continua y siempre dominante de la especie Myotis myotis a lo
largo de la secuencia de TD (Tabla 3). Esto también se observa en los niveles de TELRU
(Galan et al. 2016a) en Atapuerca, indicando una alta estabilidad de las poblaciones de esta
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especie en la zona a lo largo de mas de 1 millén de afios. Si bien el registro de M. myotis no es
muy frecuente en el Pleistoceno Inferior y Medio de Espana, donde sdlo se cita en unos pocos
yacimientos (Pleistoceno Inferior: Quibas, Sevilla et al. 2014; Cueva Victoria, Sevilla 2012;
Sima del Elefante TELRU, Galan et al. 2016a; Pleistoceno Medio: Las Grajas, Sevilla 1988), la
gran estabilidad a largo plazo de esta especie ha sido observada en el registro fésil cuaternario
de toda Europa (Lépez-Garcia et al. 2011d) y los datos obtenidos en TELRU y la Gran

Dolina en Atapuerca son buena prueba de ello.

§ 3 X
§ %%%’@g‘é\% . o &8
A B O E RS
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ET § 3T T E ¢ 5885 &8 8 % 8% S
Edad ¢ §8 § §8 8 88 s c s8¢l
Yacimiento fa/MIS) & o & % 8 S S ¥ §S 55 S §& o 5
Cova del Rinoceront (VII) 159-226 X
El Congosto Pleist. Medio x X X
Mollet I (5) 215 X X
Sima del Elefante (TE18-19) 250-300 X X X X
Galeria-Zarpazos (GII-GIII) 250-500 X X X X
Gran Dolina (TD8-10) 337-610 X X X x X X
Pradena Pleist. Medio X X X
Guardo Pleist. Medio  x X X X X
Aridos-1 MIS 11 x
Sima de los Huesos (LU-6 y 11) 417-430 x X x X X X X X
Ponton de la Oliva Pleist. Infetior cf. cf. cf.
Gran Dolina (TD3-6) 830-1070 X X X x x X x X X X
Sima del Elefante TE7-12 1200 X X X X cf. X

Tabla 6. Registro de quiropteros fosiles de edad Pleistoceno Inferior y Medio en la mitad norte de la
peninsula ibérica. Yacimientos: Cova del Rinoceront (VII) (Barcelona, Daura et al. 2015); El Congosto
(Madrid, Alberdi et al. 1977); Mollet I (Girona, Lopez-Garcia et al. 2014c; Maroto et al. 1987;); Galeria-
Zarpazos, Atapuerca (Burgos, Berger et al. 2008; Falguéres et al. 2013; Cuenca-Bescos & Garcia, 2007;
Galindo-Pellicena et al. 2011; Capitulo 5); Gran Dolina (TD8-10), Atapuerca (Burgos, Capitulo 4); Sima
de los Huesos (LU-6 y 11), Atapuerca (Burgos, Arnold et al. 2014; Capitulo 5); Sima del Elefante (TE18-
19), Atapuerca (Burgos, Lombrera-Hermida et al. 2011; Lopez-Garcia et al. 2011b); Pradena (Segovia,
Sevilla 1988); Guardo (Palencia, Sevilla 1988); Aridos (Madrid, Blain et al. 2014; Lopez-Martinez 1980);
Sima del Elefante TELRU, Atapuerca (Burgos, Carbonell et al. 2008; Galan et al. 2016a); Ponton de la
Oliva (Madrid, Sesé & Ruiz-Bustos 1992).

Table 6. Lower and Middle Pleistocene chiropters fossil record in the northern half of the Iberian
Peninsula. Sites: Cova del Rinoceront (VII) (Barcelona, Daura et al. 2015); El Congosto (Madrid,
Alberdi et al. 1977); Mollet I (Girona, Lépez-Garcia et al. 2014c; Maroto et al. 1987;); Galeria-Zarpazos,
Atapuerca (Burgos, Berger et al. 2008; Falgueres et al. 2013; Cuenca-Bescos & Garcia, 2007; Galindo-
Pellicena et al. 2011; Capitulo 5); Gran Dolina (TD8-10), Atapuerca (Burgos, Capitulo 4); Sima de los
Huesos (LU-6 y 11), Atapuerca (Burgos, Arnold et al. 2014; Capitulo 5); Sima del Elefante (TE18-19),
Atapuerca (Burgos, Lombrera-Hermida et al. 2011; Lopez-Garcia et al. 2011b); Pradena (Segovia, Sevilla
1988); Guardo (Palencia, Sevilla 1988); Aridos (Madrid, Blain et al. 2014; Lépez-Martinez 1980); Sima del
Elefante TELRU, Atapuerca (Burgos, Carbonell et al. 2008; Galan et al. 2016a); Pontén de la Oliva
(Madrid, Sesé & Ruiz-Bustos 1992).

En cuanto al marco paleogeografico en la mitad norte de la peninsula ibérica, el
registro de quirdpteros fosiles de edad Pleistoceno Inferior y Medio es escaso y solo unos
pocos yacimientos han sido estudiados en este sentido (Tabla 6). En el Pleistoceno Inferior de
Pontén de la Oliva se han registrados tres taxones también presentes en los niveles de esta
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edad de los yacimientos de Atapuerca (Tabla 6). De nuevo destaca la diversidad mucho mayor
registrada en el Pleistoceno Inferior de la Gran Dolina, con un total de 10 taxones registrados.
En el Pleistoceno Medio de Cova del Rinoceront (VII), el Congosto, Mollet I (5), Pradena,
Guardo y Aridos se han registrado diversos taxones, todos ellos presentes en el conjunto de
los yacimientos del Pleistoceno Medio de Atapuerca (Tabla 6) a excepcion de Pipistrellus sp. En
el caso de Pipistrellus sp., su ausencia en TD asi como en el resto de los yacimientos de
Atapuerca se explica ya que las especies de este género de murciélagos no son cavernicolas
(Dietz et al. 2009; Palomo et al. 2007) por lo que su presencia es poco probable en
acumulaciones originadas en el interior de cavidades karsticas (KKowalski 1995; Lopez-Garcia
et al. 2011d; Lopez-Garcia et al. 2012). Por dltimo, la asignacioén de restos de murciélagos
ratoneros de talla grande a la especie M. blythii en yacimientos de edad Pleistoceno Inferior y
Medio de la peninsula ibérica revierte cierta controversia debido a su gran similitud con la
especie M. myotis (problematica desarrollada en Galan et al. 2018b) y a que trabajos clasicos
basados en evidencias fosiles establecen una llegada mas tardia de esta especie al extremo oeste
de Europa, en el Holoceno (Sevilla 1989; Benda & Horacek 1995; Topal & Ruedi 2001; ver
resumen del estado de la cuestion en Galan et al. 2018b). En este sentido, el registro de la
secuencia de Gran Dolina, donde un total de 2002 especimenes pertenecientes a murciélagos
ratoneros de talla grande (187 individuos) han sido analizados, no muestra evidencias de la
presencia de M. blythii mientras que todos los restos pertenecen a M. myotis.

4.3. Aproximacion paleoambiental e impacto antrépico sobre las
asociaciones de quirdpteros
Los indicadores paleoecoldgicos observados en la asociacion de quirdpteros fosiles de
la secuencia de TD muestran un deterioro de la paleocomunidad en las unidades superiores,
evidenciado por el descenso de la diversidad y el aumento de la dominancia de Myotis myotis
hacia techo de la secuencia (unidades TD8-9 y TD10), circunstancias que vienen ademas
acompafiadas de un descenso del nimero de especies termofilas registradas (Tabla 3, Figura
8). Estudios previos de aproximaciéon paleoambiental sobre la secuencia de TD empleando
distintos proxies (polen, palinomorfos no polen, herpetofauna, pequefios mamiferos, ver en
Tabla ) indican que a partir de la unidad TD8 las condiciones climaticas experimentan un
incremento de la aridez acompafiado de distintos pulsos frios que alcanzan su méxima
expresion a techo de TD10 (Blain et al. 2008; 2009; Cueca-Bescos et al. 2005; 2011; Expésito
et al. 2015; Garcia-Antén 1989), lo que podria relacionarse con la desapariciéon de aquellas
especies de quirdpteros mas vulnerables ante estas condiciones en las unidades TD8-9 y
TD10. Sin embargo, estos proxies también registran momentos frios y de aridez en algunos
tramos de la secuencia del Pleistoceno Inferior (Tabla 7) que sin embargo no parecen afectar
al conjunto de la comunidad de quirépteros, que en estos niveles muestra una maxima
diversidad y la mayor presencia de especies termofilas a de toda la secuencia (Figura 8). Por
otro lado, es llamativa la presencia de Barbastella barbastellus, una especie caracterizada por su
resistencia a las bajas temperaturas (Dietz et al. 2009; Palomo et al. 2007) y que ha sido
empleada como indicadora de climas frios (de Paz, 1982; Kowalski & Rupretch 1981; Sevilla
1988; Topal 1981), en estas mismas unidades del Pleistoceno Inferior de TD coincidiendo con
la maxima abundancia de taxones termofilos (Figura 8; Tabla 7). Futuros analisis aumentando
la resolucion del estudio en estas unidades podran arrojar datos de interés respecto a si la
presencia de esta especie puede correlacionarse con la de otros indicadores indirectos de
climas frios en ciertos subniveles dentro de las unidades TD3-4, TD5 y TDG6, o si por el
contrario la presencia de esta especie es poco significativa desde el punto de vista de la
reconstruccion paleoclimatica.
En cuanto a la aproximacion paleoambiental basada en la asociaciéon de quirdpteros
tosiles de TD, la composicion del paisaje en términos de tipo de habitats no presenta grandes
variaciones: se tratarfa de un paisaje predominantemente boscoso y de zonas de transicion
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alternando con algunas zonas mas abiertas y areas de roquedo afectadas por modelado
karstico (Figura 8). Unicamente se observa en los niveles TD5 y TDG la presencia de
indicadores de habitat acuatico (presencia de la especie Myotis capaccini, Dietz et al. 2009;
Palomo et al. 2007), que coincide con el maximo desarrollo de este tipo de habitats expresado
por otros grupos de pequefios mamiferos (Cuenca-Bescés et al. 2005, 2011) aunque no por la
herpetofauna (Blain et al. 2008). La clara predominancia de areas boscosas indicada por la
asociacion de quirdpteros contrasta con la aproximacion basada en otros pequefios
vertebrados, de acuerdo con la cual predominarfan las zonas abiertas en diversos momentos a
lo largo de toda la secuencia (Blain et al. 2008, 2009; Cuenca-Bescés et al. 2005, 2011); sin
embargo, los indicadores palinolégicos indican una predominancia del habitat de bosque
(Garcia-Anton 1989) que coincide con nuestros resultados.

Palinomorfos Pequeios
Polen no polen Herpetofauna mamiferos .
(Garcia-Anton (Expésito et al. (Blain et al. 2008;  (Cuenca-Bescds Quirdpteros
1989) 2015) 2009) et al. 2005; 2011)
, mejora de las . q
seco y ftio condiciones de frio frio y seco
bosque coniferas bosque abierto abierto sin especies termofilas
i humedad baja diversidad
10 ¢ himedo y templado? arides templadsc;caocahdo Y templado a calido bosque
bosque . abierto
bosque abierto
trazas tempranas de i especies termofilas
TD ? fases 4ridas ? ftio y seco iversidad media
8-9 ¢ ¢ abierto bosaue. bo biert
- superiores SqUE, bOSqUE abierto
p - 1 especies termofilas
TD  humedo y calido humedad alta cahd(? y seco templado diversidad alta
b b b
8 osque abierto osque bosque, bosque abierto
TD himedo
) . 5 )
~ bosque ar abierto ¢secor ér
himedo y calido descenso en la calido y seco calido y himedo
TD bosque humedad local abierto abierto vatias especies termofilas
e ; diversidad muy alta
6 , condiciones humedas, frio . bosque, bosque abierto
seco y frio suelos ricos en matetia . abierto
orginica bosque abierto
seco y frio himedo y frio seco
bosque abierto humedad alta, suelos abierto abierto varias especies termofilas
D q D
5 pobres en materia diversidad muy alta
seco y frio organica himedo y templado humedo bosque
bosque abierto abierto abierto

Tabla 7. Resumen de las aproximaciones paleoambientales realizadas sobre TD, basadas en empleo de
diferentes proxies (modificado de Exposito et al. 2015).

Table 7. Summary of the TD paleoenvironmental approaches obtained by different proxies: pollen,
herpetofauna, small mammals, non-pollen palynomorphs (modified from Expésito et al. 2015).

Por dltimo, existe un factor no climatico que pudo haber afectado también a las

paleocomunidades de quirépteros que utilizaron la Gran Dolina como refugio. Se trata del uso
intensivo de la cueva como campamento humano durante el momento de depédsito de la
unidad TD10 evidenciado por el registro arqueolégico (Falgueres et al. 1999, 2013; Ollé et al.
2013). Existen pruebas en el registro paleoarqueoldgico del Pleistoceno Medio y supetior
europeo de como el uso humano de una cavidad afecta a la asociaciéon de quirdpteros que
habitan alli, reflejandose en un descenso en la cantidad de restos de quirépteros registrados, asi
como en su diversidad (Lopez-Garcia et al. 2011d; Rosina 2006; Salari 2010). La drastica

79



disminucién de especies registradas en la unidad TD10 podria estar relacionada no solo con el
cambio en las condiciones climiticas discutido sobre estas lineas, sino también con la
presencia humana. En TD10 se registra la desaparicion de dos especies frecuentes en la
secuencia de TD, R. mebeli y M. schreibersii, que, de acuerdo con la proporcion de grupos de
edades registrados en los niveles infrayacentes a TD10 (Figura 7), presumiblemente empleaban
la cueva como refugio durante la época de crfa en periodo estival. La especie dominante a lo
largo de toda la secuencia, M. myotis, sigue ocupando la cavidad durante el momento de
deposito de TD10, aunque se aprecia un cambio en los grupos de edad registrados (de
predominantemente adultos a dominancia compartida de los subadultos y los adultos mayores,
Figura 7), lo que sugiere un cambio en el tipo de uso que esta especie daba a la cueva de
ocupacion permanente durante todo el aflo a ocupacién estacional durante el inverno. Una
relacion semejante de ocupacion estacional alternada entre humanos y quirdpteros en una
cavidad se ha descrito en el yacimiento del Pleistoceno Superior de la Cueva de Denisova
(Macizo de Altai, Rusia), con los humanos ocupando el refugio durante el verano y la especie
Myotis blythii en el invierno (Rosina 2000).

5. Conclusiones

En este trabajo se presenta el primer estudio paleontolégico de los quirdpteros fosiles
de la secuencia de la Gran Dolina, en la Trinchera del Ferrocarril de la Sierra de Atapuerca.
Destaca la gran diversidad registrada, con un total de 10 taxones identificados: Rhinolophus
Sferrumeqguinun, Rhinolophus mebelyi, Myotis myotis, Myotis bechsteiniz, Myotis natererii, Myotis capaccinii,
Myotis sp., Plecotus austriacus, Barbastella  barbastellus y Miniopterus schreibersii. 1.os restos
acumulados proceden de individuos que murieron en el interior de la cavidad por causas no
violentas. Las tres especies mas frecuentes, M. myotis, R. mebelyi y M. schreibersii, habrian
formado colonias en el interior de la cueva bien de forma permanente, bien de manera
estacional. Estas especies son frecuentes en otros yacimientos del Pleistoceno Inferior y Medio
de Atapuerca (Sima del Elefante, Galerfa-Zarpazos y Sima de los Huesos), que presentan una
fauna de quirépteros similar, aunque menos diversa. Destaca la presencia continuada y
siempre dominante de M. myotis a lo largo de TD, mientras que no se han encontrado
evidencias de que la especie M. bhthii (que junto con M. myotis conforma el complejo de
murciélagos ratoneros de talla grande que actualmente habita en la peninsula ibérica) habitase
la cavidad en este periodo. Aunque se ha constatado la presencia abundante de M. zyotis en los
restantes yacimientos de Atapuerca mencionados antes, existen pocas citas de esta especie en
el registro paleontolégico del Pleistoceno Inferior y Medio en la mitad norte de la peninsula
ibérica, por lo que los resultados de este trabajo aportan nuevas pruebas a cerca de la gran
estabilidad a largo plazo de estas poblaciones en la zona.

Por otro lado, el conjunto de especies registradas a lo largo de TD aparecen también
en el registro paleontologico contemporaneo del norte de la peninsula ibérica, si bien no
existen citas de otro yacimiento con una diversidad tan alta. A lo largo de la secuencia de TD
se observa un declive hacia techo de las paleocomunidades de quirdpteros registradas,
reflejado en un descenso de la paleodiversidad y un aumento de la dominancia de M. myotis. El
descenso simultaneo (y finalmente la desapariciéon) en las unidades TD8-9 y TD10 de aquellas
especies de quirdpteros termofilas, asi como de los indicadores de presencia de habitat
acuatico evidencian un cambio en el clima hacia condiciones de mayor aridez y frio
(constatado previamente mediante otros proxies). Sin embargo, hay indicios de que el factor
antropico y no solo el climatico pudieron afectar a la poblacién de quirdpteros que ocupaba la
cueva, al menos durante el momento de depésito de la unidad TD10. El registro de M. myotis a
lo largo de la secuencia refleja un cambio en el tipo de uso de la cavidad por parte de esta
especie, de refugio permanente a refugio estacional, evidenciado por la proporcién entre los
grupos de edad representados y que coincide con una ocupacion humana intensiva de la Gran
Dolina en esta unidad. Futuros trabajos ampliando la cantidad de muestra analizada y
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aumentando as{ la resolucién de los analisis podran aportar datos de gran interés en lo
referente a la correlacion entre la dinamica de las poblaciones de quirépteros del pasado, las
variaciones climaticas y el factor antrépico.
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Los murciélagos fosiles del
Pleistoceno Medio de la Sima
de los Huesos y el nivel Gllla
de Trinchera Galeria

Middle Pleistocene bats from the Sima de los Huesos and the
level Gllla of Trinchera Galeria

Los yacimientos estudiados en este capitulo, ambos en la Sierra de Atapuerca y de edad Pleistoceno
Medio, proporcionan informacién complementaria a la de las unidades superiores de la Gran Dolina en el
capitulo anterior. La Sima de los Huesos destaca por la importante acumulacién de individuos humanos
datada en 0,43 Ma; Trinchera Galerfa, por poseer dos niveles de acumulacién de industria litica Achelense
de edad 0,35-0,25 Ma. En este capitulo se muestra la diversidad comparativamente baja de especies de
murciélagos registrada en ambos yacimientos en comparacién con los resultados obtenidos en los niveles
del Pleistoceno Inferior de la Gran Dolina, y c6mo los cambios en la diversidad en estos dos yacimientos
junto con el yacimiento de la Gran Dolina permiten reconstruir un panorama general para el Pleistoceno
Medio de la Sietra de Atapuerca. Como en el capitulo anterior, la aparicion y desaparicién de
determinadas especies termofilas de murciélagos se pone en relacion con fenémenos paleoclimaticos, y las
variaciones en la proporcion entre grupos de edad representados también se relacionan con la presencia o
no de poblaciones humanas.

The palacontological sites studyied in this chapter, both at the Sierra de Atapuerca and Middle Pleistocene
in age, provides complementary information to that of the upper units of the Gran Dolina in previous
chapter. The Sima de los Huesos is remarkable because of the extremely rich accumulation of human
remains dated as 0,43 Ma; while Trinchera Galeria has two levels of Acheulian lithic tools accumulation
dated as 0,35-0,25 Ma. In this chapter, it is shown the comparatively low bat diversity registered in both
sites in comparison to the results obtained at the Farly Pleistocene units of the Gran Dolina, and how the
changes in diversity in these two sites together with the mentioned Gran Dolina site allows to reconstruct
a general panorama for the Middle Pleistocene at the Sierra de Atapuerca. As in the previous chapter, the
appearance and disappearance of of certain thermophilic bat species correlates with palacoclimatic events,
and the variations among the represented age-group proportion can also be related to the presence or

absence of human populations.
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1. Introduccion

Los dos yacimientos estudiados en este capitulo (para una introduccién mas detallada a
los yacimientos de la Sierra de Atapuerca ver Capitulo 4), la Sima de los Huesos (SH) y el
Trinchera Galerfa (TG), consisten en secuencias de sedimento de relleno de cavidades
karsticas depositadas a lo largo del Pleistoceno Medio (Arsuaga et al. 1997, 2014; Bermudez de
Castro et al. 2004; Pérez-Gonzalez et al. 1999; entre otros).

Los murciélagos o quirépteros son presas poco frecuentes de los depredadores con
tendencia a formar acumulaciones de huesos por regurgitacién o excrecién (como rapaces
nocturnas, otras aves y mamiferos carnivoros; Garcia et al. 2005; Kowalski 1995; Rosina &
Shokhrin 2011; Sommer et al. 2009), lo hace que habitualmente aparezcan infrarrepresentados
en las acumulaciones de pequefios vertebrados generadas en los niveles de ocupacién de estos
depredadores. Sin embargo, en ciertas circunstancias se originan depositos de quirépteros
excepcionalmente abundantes y bien preservados: es el caso de las acumulaciones generadas
por la muerte natural de los integrantes de una colonia en el interior de una cueva ocupada de
forma prolongada (Lopez-Garcia et al. 2011d). Dado que las acumulaciones de quirépteros
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Figura 1. Situacion geografica de los yacimientos de la Sima de los Huesos y Trinchera Galeria; a:
localizacién de la Sierra de Atapuerca (Burgos) en la peninsula ibérica; b: esquema en planta del
sistema karstico de la Sierra de Atapuerca y emplazamiento de los principales yacimientos (modificado
de Ortega et al. 2013).

Figure 1. Geographical location of the Sima de los Huesos and Trinchera Galeria sites; a: location of the

Sierra de Atapuerca (Burgos) in the Iberian Peninsula; b: plan scheme of the Sierra de Atapuerca karstic
system and location of the main palaeo-archaeological sites (modified by Ortega et al. 2013).
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fosiles no estan necesariamente originadas por los mismos procesos que las de otros pequefios
vertebrados, constituyen una fuente independiente y valiosa de informaciéon paleoambiental
especialmente relevante en yacimientos generados en el relleno de cavidades karsticas, como es
el caso de la Sima de los Huesos y el yacimiento Trinchera-Galeria.

El registro fosil de los pequefios vertebrados de la Sima de los Huesos y de Trinchera
Galerfa ha sido previamente estudiado por diversos autores con distintos grados de
profundidad (la Sima de los Huesos por Cuenca-Bescos et al. 1994, 1997; Gil & Sesé 1991; el
Complejo Galerfa-Zarpazos por Cuenca-Bescos & Garcfa 2007; Cuenca-Bescos et al. 1999a;
Galindo-Pellicena et al. 2011), si bien no ha habido hasta la fecha un estudio exhaustivo
enfocado en el orden Chiroptera en estos yacimientos.

Los objetivos del presente trabajo son: (1) realizar la caracterizaciéon taxondmica y
tafonémica del registro de quirdpteros fosiles procedentes de dos unidades litoestratigraficas
del yacimiento de la Sima de los Huesos y una subunidad del yacimiento Trinchera Galerfa, (2)
contribuir a la aproximacién paleoclimatica y paleoambiental de dichos yacimientos, y (3)
contribuir al conocimiento global de del orden Chiroptera y su presencia en la mitad norte de
la peninsula ibérica durante el Pleistoceno Medio.

1.1. Situacién geografica y geoldgica de los yacimientos
1.1.1. La Sima de los Huesos (SH)

El yacimiento de SH (Figura 1, 2) se sitGa en una pequefia camara subterranea a los
pies de un conducto vertical en la zona interior y profunda del sistema karstico de Cueva
Mayor (Figura 1; Arsuaga et al. 1997, 2014). Este yacimiento destaca por contener la coleccion
de fosiles humanos del Pleistoceno Medio europeo mas completa hasta la fecha, con al menos
6500 restos pertenecientes a 28 individuos recuperados en un solo nivel estratigrafico (Arsuaga
etal. 1997, 2014).

El relleno sedimentario del yacimiento se dividié originalmente en dos unidades
estratigraficas: la inferior, denominada CH&B por las siglas en inglés de “clays with human and
bear remains” donde se encuentran acumulados los restos humanos, y la superior, denominada
DCBG (siglas de “dark clays with bat gnano”), ambas separadas entre si por la presencia de un
espeleotema (Arsuaga et al. 1997; Bischoff et al. 1997). Trabajos sedimentoldgicos posteriores
establecieron una nueva division de los materiales de relleno de SH en 12 unidades
litoestratigraficas (Figura 2, LU-1 a LU-12), de las cuales solo LU-6 contiene restos fosiles de
homininos, junto con restos de carnivoros (Arsuaga et al. 2014). Las dataciones mads recientes,
basadas en dos técnicas de datacion de luminiscencia de rango extendido semiindependientes,
han permitido limitar la edad de LU-7 (Figura 2b) a inicios de MIS 11 o final de MIS 12 y
estimar la edad minima para la LU-6 (Figura 2b) subyacente (y los restos de homininos
asociados) en 427 *12 ka, (Arnold et al. 2014; Arsuaga et al. 2014). La edad de la unidad
superior de arcillas y guano de murciélago (ahora LU-11) fue originalmente establecida como
Pleistoceno Superior (Bischoff et al. 1997), aunque recientemente ha sido datada en 417%27
(Arnold et al. 2014).

En el caso de los quirdpteros registrados, estudios previos citan la presencia de
Rbinolophus mebelyi, Myotis myotis/ blythii, Myotis sp. y Miniopterus schreibersii tanto en el nivel de
acumulaciéon de restos de homininos (unidad litoestratigrafica LU-6) como en el nivel superior
de arcillas con guano de murciélago (unidad LU-11) (Cuenca-Bescos et al. 1994, 1997; Gil &
Sesé 1991).
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Figura 2. Geologia del yacimiento de la Sima de los Huesos (SH); a: topografia (alzado) de la cavidad;
b: esquemas de la litoestratigrafia descrita en sucesivos perfiles; c: columna estratigrafica de sintesis del
yacimiento de la Sima de los Huesos. 1: espeleotema; 2: arcillas; 3: arcillas con guano de murciélago; 4:
margas; 5: arenas; 6: bloques desprendidos de la pared calcarea. Modificado de Arsuaga et al. (2014).

Figure 2. Geology of the Sima de los Huesos (SH) site; a: topography (elevation) of the cave; b: schemes
of successive lithostratigraphic profiles; c: synthetic stratigraphic sequence of the Sima de los Huesos.
1: speleothem; 2: clays; 3: clays with bat guano; 4: matrls; 5: sands; 6: calcareous wall detached blocks.
Modified from Arsuaga et al. (2014).

1.1.2. Trinchera Galeria (TG)

Otra de las antiguas cavidades colmatada que quedaron expuestas durante las obras del
ferrocarril de la Sierra de Atapuerca a finales del siglo XIX, junto con la de la Gran Dolina y
Penal (ver Bermudez de Castro et al. 2004 y Carbonell et al. 2008 para una vision completa),
fue la del Complejo Galerfa-Zarpazos, al que pertenece el yacimiento TG (Figura 1, 3). La
cavidad, de aproximadamente 14 m de altura, 18 m de anchura y mas de 12 m de desarrollo
interior, se divide en varios sectores: el yacimiento de Trinchera Galerfa (TG), una entrada
vertical conocida como Trinchera Tunel (ITN) y el posible vestibulo proximo a la entrada del
complejo conocido como covacha de los Zarpazos o Trinchera Zarpazos (TZ) (Garcia-
Medrano et al. 2014; Ollé & Huguet 1999; Pérez-Gonzalez et al. 1995, 1999, 2001; Vallverda
2002; entre otros). El relleno sedimentario de los tres es mas o menos simultaneo y los niveles
se relacionan espacialmente al pasar lateralmente de uno a otro (Pérez-Gonzalez et al. 1995). A
lo largo de la secuencia de TG (a la que pertenecen los materiales aqui estudiados) se pueden
distinguir diversas fases de depdsito (Figura 3): una primera fase evidenciada por el nivel
estéril GI de facies autéctonas, una fase intermedia de depédsito de materiales de origen

aloctono correspondientes con los niveles arqueopaleontolégicos GII y GIII, y los niveles
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estériles GIV y GV, y una dltima fase edafica relicta correspondiente con el nivel GVI (Pérez-
Gonzalez et al. 1999). La secuencia de Galerfa muestra la evolucién tecnoldgica del achelense
durante un periodo de 250 ka (Garcia-Medrano et al. 2014; 2015; 2017), desde el registro de
los conjuntos liticos achelenses mas antiguos de Atapuerca recuperados en la subunidad Glla
(fecha c. 503 = 95 ka, Berger et al. 2008) y a través de las caracteristicas de transicion
documentadas en los materiales suprayacentes del subnivel GIIb hasta la parte alta de la
unidad GIII (fecha 221-269 ka, Falgueres et al. 2013).

En el caso de los quirépteros, estudios previos en T'G tan solo identifican la presencia
de dos taxones perteneciente al orden Chiroptera con asignacion abierta Rhbinolophus sp. y
Myotis sp. en el nivel GII, y unicamente Myo#is sp. en GIII (Cuenca-Bescés & Garcia 2007).
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Figura 3. Geologia del yacimiento Trinchera Galeria (TG) (modificado de Pérez-Gonzalez et al. 1999;
Falguéres et al. 2013); a: seccion de la cavidad karstica colmatada; b: columna estratigrafica del
yacimiento. 1: espeleotema; 2: suelo (proceso edafico); 3: arcillas; 4: arcillas con guano de murciélago; 5:
margas; 6: arenas; 7: gravas; 8: cantos.

Figure 3. Geology of Trinchera Galeria (T'G) site (modified from Pérez-Gonzalez et al. 1999; Falguecres
et al. 2013); a: simplified stratigraphic profile of the site; b: stratigraphic sequence of the Trinchera

Galeria site. 1: speleothem; 2: soil (edaphic processes); 3: clays; 4: clays with bat guano; 5: marls; 6:
sands; 7: gravels; 8: clasts.

2.  Material y métodos

2.1. Abreviaturas:
Partes anatomicas: I (incisivo), C (canino), P (premolar), M (molar); los dientes de la
serie superior van nombrados en mayusculas y los de la serie inferior en mindsculas (i.e. M1 es
el primer molar superior, p4 el cuarto premolar inferior); D (derecha), I (izquierda).
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Medidas: L (longitud anteroposterior de los molares superiores), A (anchura
labiolingual de los molares superiores), 1 (longitud anteroposterior de los molares inferiores),
ay (anchura labiolingual del trigbnido en molares inferiores), aw (anchura labiolingual del
talénido en molares inferiores).

Yacimientos de Atapuerca: SH (Sima de los Huesos), TG (Trinchera Galeria), TD
(Trinchera Gran Dolina), TE (Trinchera Sima del Elefante).

2.2. Material:

Los fosiles del yacimiento SH analizadas en este trabajo fueron recuperadas durante las
campanas de excavacion realizadas entre los afios 1991 y 2005. Se han analizado la totalidad de
las muestras procedentes de la unidad con restos de homininos LU-6 (Figura 2c), asi como
una muestra representativa del material procedente de la unidad de arcillas con guano de
murciélago a techo de secuencia LU-11 (Figura 2c), mucho mas rica en restos de pequefios
mamiferos, especialmente quirdpteros. La pequefia coleccion de muestras del yacimiento TG
analizadas a modo de estudio preliminar corresponden a la fracciéon gruesa del material
recuperado y lavado durante los trabajos de excavacion realizados en la campafia de 2016 en el
nivel estratigrafico GIIIa (Figura 3b). Todo el material se encuentra depositado en el Area de
Paleontologia del Departamento de Ciencias de la Tierra de la Universidad de Zaragoza.

2.3. Trabajo de campo:

Ha consistido en la extracciéon de los restos fosiles de pequefios vertebrados
contenidos en el sedimento extraido en las excavaciones de los yacimientos SH y TG. La
metodologia empleada fue el lavado-tamizado de dicho sedimento (descripciéon general de la
metodologia del lavado-tamizado de sedimento en Capitulo 1; para una descripcion detallada
de este proceso en los yacimientos de Atapuerca, ver Capitulo 4).

2.4. Trabajo de gabinete:

Los pequefios fosiles de quirépteros han sido separados en el laboratorio del Area de
Paleontologia de la Universidad de Zaragoza mediante el triado de las muestras obtenidas del
lavado-tamizado. A estas muestras se les conoce técnicamente como levigados. La separacion,
técnicamente el triado, se realiza con la ayuda de un microscopio estereoscopico o lupa
binocular. Una vez separados los restos identificables, i.e. los que estan mejor conservados y se
pueden medir, se ha procedido a su descripcion, medicion y clasificacion a nivel de género y
especie siempre que ha sido posible. Para una descripciéon detallada de la metodologia
empleada en el estudio taxonémico, tafondémico y paleoecolégico, ver Capitulo 4. Al
contabilizar la presencia de especies accidentales, se ha tenido en cuenta también los datos de
composicion y abundancia de especies de quirépteros de los niveles del Pleistoceno Medio de
la Gran Dolina (Capitulo 4).

3. Resultados

3.1. Sistematica paleontoldgica
3.1.1. Rhinolophidae Gray, 1825
3.1.1.1. Rhinolophus Lacépede, 1799
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Se trata del dnico género en esta familia, la cual posee denticion nyctalodonta y
formula dental 1.1.2.3/2.1.3.3. El esqueleto craneal se caracteriza por su premaxilar movil
(unido al maxilar a través de una articulaciéon caudal restringida) que en los restos fosiles se
desprende quedando el alveolo del C en el extremo anterior del maxilar. El C es robusto,
trapezoidal y la corona presenta un lado lingual concavo; P4 y M1 tienen talones bien
desarrollados, M2 en menor medida (Figura 6f). La rama mandibular es rectangular en vista
externa, con la barra mandibular entre los procesos coronoides y condilar practicamente

horizontal (Figura 6b, g). Los molares inferiores presentan un cingulo labial estrecho y

Taxon n Element n Element n Element
2 ro 2 mx 1 mx (fr)
Rhinolophus mehelyi 1 M1 2 M3 9 md
1 md (ra) 2 m?2 3 m3
1 mtep II (fr) 1 fe (fr)
Rhinolophus euryale 1 M1 7 md 1 md (fr)
7 c 2 ml 2 m3
Rhinolophus mehelyii/eutyale 2 P4 1 md 1 hu (fr)
5 mtep II (fr) 1 fe 5 fe (fr)
2 cr 2 mx 2 mx (fr)
6 C 2 P4 4 M1
2 M2 1 M3 5 md (b)
3 md (ra) 13 md (fr) 1 i
Myotis myotis 2 c 6 p2 1 p4
8 ml 2 m2 3 m3
1 m (td) 3 bu 1 clav
1 esc (fr) 1 hu 13 hu (fr)
2 mtep II (fr) 1 mtepIll(fr) 2  mtep IV (fr)
2 mtcp V (fr) 13 ra (fr) 8 fe (fr)
2 mx 5 C 1 M1
Mpyotis blythii 4 M2 1 md 2 p4
6 m1 3 m?2 1 m3
3 mx 1 M3 5 md
Mpyotis myotis/blythii 2 md () 2 p2 1 p3
1 esc (fr) 2 ra (fr)
Myotis bechsteinii 1 P4
1 mx 4 C 1 M1
1 md 2 md (fr) 2 ml,
Miniopterus schreibersii 1 m2 2 est 1 hu (fr)
2 mtep I (fr) 1 mtcp V 2 fe
4 fe (fr)

Tabla 1. Lista de material estudiado, n: nimero de elementos, elem: elemento, ct: craneo, to: rtostro; mx:
maxila, I: incisivo superior, C: canino superior, P: premolar superior, M: molar superior, md:
mandibula, md (ra): rama mandibular, i: incisivo inferior, c: canino inferior, p: premolar inferior, m:
molar inferior, esc: escapula, hu: himero, ra: radio, mtcp: metacarpo, fe: fémur, fr: fragmento, diap:
diafisis.

Table 1. List of studied material, n: number of elements, elem: element, cr: cranium, ro: rostrum; mx:
maxilla, I: upper incisive, C: upper canine, P: upper premolar, M: upper molar, md: mandible, md (ra):
mandibular ramus, i: lower incisive, c: lower canine, p: lower premolar, m: lower molar, esc: scapula,
hu: humerus, ra: radio, mtcp: metacarpal, fe: femur, fr: fragment, diap: diaphysis.

regular (Figura 6g). El humero presenta una epifisis proximal diagnodstica por tener un troquin
casi tan grande como el troquiter y una cabeza humeral pequefa y redonda (Dupuis 1986); la
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epifisis distal presenta un proceso estiloides alargado, una epitréclea amplia (Dupuis 1986;
Felten et al. 1973) y céndilos proyectados dorsalmente. El fémur tiene una cabeza aplanada y
una cresta medial curva y pronunciada, bien diferenciada del trocanter menor; la epifisis distal
presenta condilos distales pequefios, con una amplia fosa separando uno del otro.

. Rhinolophus mehelyi Matschie, 1901 (murciélago mediano de
herradura)

Aparece de manera frecuente en el yacimiento de SH (material en Tabla 1),
presentando una abundancia relativamente baja en LU-6 en contraste con una abundancia
mayor en los materiales a techo de secuencia de LU-11 (Tabla 2). Los restos (ejemplos en
Figura 6a, b, f) pertenecen a una especie de murciélago de herradura de talla media. El tamafio
de las piezas dentales asignadas a esta especie (tamafio de molares en Tabla 3) ha sido
comparado con especimenes actuales pertenecientes a las dos especies del género Rhbinolophus
de talla media presentes en la peninsula ibérica R. mebelyi y R. euryale, encontrandose dentro del
rango de variabilidad de la primera y por encima del rango de variabilidad de la segunda.

Distribuciéon y habitat actual: esta especie, de marcado caracter termofilo, esta presente

en la mitad sur de la peninsula ibérica con el limite norte de su distribucién ajustado a la
isoterma de media anual de 14°C (Palomo et al. 2007), y presenta una distribucién discontinua
a lo largo de las zonas de influencia mediterranea del sur de Europa, norte de Africa y Oriente
proximo (Dietz et al. 2009; Palomo et al. 2007). Especie estrictamente troglofila, caza en
praderas, pastos y campos (Dietz et al. 2009) o zonas con cubierta arbérea adehesada (Palomo
et al. 2007). En Espafia existen citas hasta los 1200 m s. n. m. aunque raramente supera los

500 m. Es una especie muy poco frecuente en la mitad norte de la peninsula ibérica (Palomo
et al. 2007).

SH-LUG6 SH-LU11 GIIIa

Especie NR NMI NR NMI NR NMI

Rhbinolophus mebelyi 4 1 21 8
Rhbinolophus euryale 20 7
Rbhinolophus mebelyi/ enryale 15 -

Myotis myotis 38 4 13 5 62 12
Myotis blythii 25 7
Myotis myotis/ blythii 17 -
Minigpterus schreibersii 8 2 16 3

Chiroptera indet. 11 - 16 - 3 -
TOTAL 61 7 143 30 65 12

Tabla 2. Presencia en términos de NR (numero de restos) y MNI (niimero minimo de individuos) de
cada taxon de murciélago identificado en las distintas unidades.

Table 2. Presence in terms of NR (number of remains) and NMI (minimum number of individuals) of
each identified bat taxon in each unit.
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. Rhinolophus euryale Blasius, 1853 (murci¢lago mediterraneo de
herradura)

Aparece tnicamente en los materiales mas recientes del yacimiento de SH, unidad LU-
11 (material en Tabla 1), presentando una abundancia relativamente baja (Tabla 2). Como en
el caso anterior, los restos (ejemplo en Figura 6g) pertenecen a una especie de murciélago de
herradura de talla media. El tamafio de las piezas dentales asignadas a esta especie (tamafio de
molares en Tabla 3) ha sido comparado con especimenes actuales pertenecientes a las dos
especies del género Rhinolophus de talla media presentes en la peninsula ibérica R. mebelyi y R.
euryale, encontrandose dentro del rango de variabilidad de la segunda y por encima del rango
de variabilidad de la primera.

Distribuciéon y habitat actual: esta especie esta presente de manera discontinua y

fragmentada en toda la peninsula ibérica (Palomo et al. 2007), y se distribuye a lo largo de las
zonas de influencia mediterranea del sur de Europa, norte de Africa y Oriente préximo (Dietz
et al. 2009; Palomo et al. 2007). Especie trogléfila, aparece ligada a zonas con presencia de
calizas y caza preferentemente en bosques abiertos y paisajes fragmentados, aunque también
en zonas de vegetaciéon mas densa (Palomo et al. 2007; Dietz et al. 2009). En Espafa existen
citas hasta a 1360 m s. n. m. aunque las colonias de cria no suelen situarse por encima de los
600 m, y los datos que se tienen de su presencia actual en la regiéon de la meseta norte (donde
se encuentra la Sierra de Atapuerca) son escasos (Palomo et al. 2007).

. Rhinolophus euryale/mehelyi

Algunos de los restos pertenecientes a murciélagos de herradura de talla media y
procedentes de la unidad LU-11 del yacimiento de SH no han podido ser asignados a una de
las dos especies debido a su estado fragmentario de conservacion (en el caso de algunas piezas
dentales y el tnico humero) o por ausencia de trabajos descriptivos previos (como en el caso
de los restos del esqueleto postcraneal excepto el humero), por lo que se ha mantenido una

asignacion abierta (Tabla 2).

3.1.2. Vespertilionidae Gray, 1821
3.1.2.1. Myotis Kaup, 1829
Este género posee denticién myotodonta y férmula dental 2.1.3.3/3.1.3.3. El crineo se

distingue del de otros quirépteros myotodontos por el rostro mas elongado (Figura 7a) y la
forma triangular de la rama mandibular, con el proceso coronoides alto y los procesos condilar
y angular menos desarrollados en proporcién con el primero. El hiimero presenta una epifisis
proximal de cabeza redondeada con la cresta del troquin poco desarrollada y sin cresta del
troquiter; el troquin y los bordes proximales de la cabeza alcanzan una altura similar, mientras
que el borde proximal del troquiter se extiende por encima de los otros dos (Figura 7d). El
radio presenta en la epifisis proximal una fosa de insercién del biceps con buen desarrollo del
proceso proximal en forma de punta y la superficie articular trilobulada sin cresta cruzada,
mientras que la epifisis distal presenta dos procesos anteriores obtiriformes y la apofisis ulnar
es alargada (Figura 7e¢). El fémur presenta una epifisis proximal mas simétrica
lateromedialmente que en otros géneros de vespertilionoideos: los trocanteres son de tamafio
similar entre si y la cabeza es casi esférica; la epifisis distal posee condilos distales robustos y
de contorno oval, el condilo medial esta reducido respecto al lateral.
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3
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1,01
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1,00
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1,68
0,02
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1,61
1,55
0,01
0,03
10
2,27
2,40
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6
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4
1,25
1,46
1,35
0,04
0,09
2
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11
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1,03
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0,32
6
0,94
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0,97
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12
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1,84
1,73
0,03
0,11
4
1,28
1,55
1,43
0,06
0,11
2
0,85
0,93
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10
1,49
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0,03
7
1,28
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0,08
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2
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1,70
0,03
0,04
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1,03
0,05
0,14

0,80
0,90
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0,01
0,04
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1,29
1,64
1,49
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0,10

1,20
1,28
1,24
0,04
0,06

0,75
1,07
0,89
0,04
0,11

0,72
0,78
0,74
0,01
0,03
13
0,72
1,02
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0,02
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0,87
0,90
0,89
0,02
0,02

Tabla 3. Medidas molares (en mm) de las especies de murciélagos identificadas; N: namero de
especimenes; Min: minimo; Max: maximo; M: media; SE: error estandar; SD: desviacién estandar.

Table 3. Molar measurements (in mm) of the identified bat species; N: number of specimens; Min:
minimum; Max: maximum; M: media; SE: standard error; SD: standard deviation.

. Myotis myotis (Borkhausen, 1797) (murciélago ratonero grande)

Se trata de la unica especie que aparece en todos los niveles estudiados en este capitulo

(material en Tabla 1), tanto en el yacimiento TG como en el SH, presentando ademas una
abundancia relativamente alta (Tabla 2). Junto con Myotis blythii, esta especie forma el complejo
de murciélagos ratoneros de gran tamafio que habitan Europa y la peninsula ibérica y su talla
las hace facilmente distinguibles de otras especies del género. La distinciéon entre las dos
especies hermanas M. myotis 'y M. blythii se basa principalmente en el tamafio ya que
morfolégicamente son muy similares, siendo M. myotis ligeramente mayor. El material asignado
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a esta especie (ejemplos en Figura 7 y Figura 6¢) se ha identificado en base al tamafio del
esqueleto craneal (ver medidas de molares en Tabla 3). El esqueleto postcraneal asignado a M.
myotis procede de los niveles GIIla y LU-6, donde ésta es la unica especie de murciélago
ratonero de talla grande representada entre los restos craneales.

Distribuciéon y habitat actual: esta especie esta presente en toda la peninsula ibérica, asi

como en el area continental de Europa occidental y central. En general, establece sus colonias
en cavidades karsticas situadas en areas boscosas, aunque caza en praderas, pastos y campos
(Dietz et al. 2009; Palomo et al. 2007). Esta especie ha sido registrada en Espafia a una altitud
maxima de 2060 m s. n. m. (Sierra de Almijara, Malaga), y actualmente es una especie muy
frecuente en la meseta norte, donde se encuentra la Sierra de Atapuerca (Palomo et al. 2007).
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Figura 4. Representacion de la media, la desviacion estandar y los valores minimo y maximo para la
longitud (en mm) de los tres molares superiores, M1 (L), M2 (L) y M3 (L), y los tres molares inferiores,
ml (1), m2 (1) y m3 (1) de especimenes del complejo Myotis myotis/Myotis blythii; a: M. myotis f6siles
de SH; b: M. blythii fésiles de SH; c: individuos actuales de M. myotis (datos de Galan et al. 2018b); d:
individuos actuales de M. blythii (datos de Galan et al. 2018b); n: nimero de medidas tomadas.

Figure 4. Representation of the mean, the standard deviation and the minimum and maximum values
for the length (in mm) of the three upper molars, M1 (L), M2 (L) and M3 (L), and the three lower
molars, m1 (1), m2 (I) and m3 (1) of specimens of the Myotis myotis/Myotis blythii complex; a: fossil M.
myotis from SH; b: fossil M. blythii from SH; c: extant individuals of M. myotis (data of Galan et al.,
2018b); d: extant individuals of M. blythii (data from Galan et al., 2018b); n: number of measurements
taken.

. Myotis blythii Tomes, 1857 (murcié¢lago ratonero mediano)

Esta especie es similar en morfologia a Myotis myotis, aunque presenta tamafios
ligeramente inferiores. El material asignado a M. blythii (Tabla 1) procede tnicamente de la
unidad LU-11, a techo de la secuencia de SH (Tabla 2). Los restos asignados a esta especie

92



(ejemplo en Figura 6h) se han identificado en base al tamafio de los restos craneales (ver
tamafios de molares en Tabla 3).
Distribucién y habitat actual: esta especie estd presente en casi toda la peninsula

ibérica, asi como en el area de influencia mediterranea de Europa y Asia. En general, establece
sus colonias en cavidades karsticas localizadas en entornos de pradera, estepa y habitats
ablertos en general (también areas agricolas), y evita las grandes masas forestales donde
domina M. myotis (Dietz et al. 2009; Palomo et al. 2007). La presencia a mayor altitud
registrada en Espafa es 2100 m s. n. m. en Sierra Nevada, y la colonia de crfa a mayor altitud
conocida en el pais se sitda a 1380 m s. n. m., en el Sistema Central (Palomo et al. 2007). Al
igual que M. myotis, M. blythii también aparece en toda la meseta norte, aunque con menor
frecuencia (Palomo et al. 2007).
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Figura 5. Representacion de la media, la desviacion estandar y los valores minimo y maximo para la
longitud (en mm) de los tres molares superiores, M1 (L), M2 (L) y M3 (L), y los tres molares inferiores,
ml (1), m2 (1) y m3 (1) de especimenes del complejo Myotis myotis/Myotis blythii; a: especimenes
fosiles de TG; b: individuos actuales de M. myotis (datos de Galan et al. 2018b); c: individuos actuales
de M. blythii (datos de Galan et al. 2018b); n: nimero de medidas tomadas.

Figure 5. Representation of the mean, the standard deviation and the minimum and maximum values
for the length (in mm) of the three upper molars, M1 (L), M2 (L) and M3 (L), and the three lower
molars, m1 (1), m2 (I) and m3 (l) of specimens of the Myotis myotis/Myotis blythii complex; a: fossil
specimens from TG; b: extant individuals of M. myotis (data of Galan et al., 2018b); c: extant individuals
of M. blythii (data from Galan et al., 2018b); n: number of measurements taken.

. Mpyotis myotis/blythii
Algunos restos pertenecientes a murciélagos ratoneros de talla grande (Tabla 1) y procedentes
de la unidad LU-11 de la secuencia de SH (donde se han identificado restos craneales
pertenecientes tanto a M. myotis como a M. bhythii) no han podido ser asignados de forma
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inequivoca a una de las dos especies debido a su estado de conservacion fragmentario (en el
caso de algunas piezas dentales), por pertenecer a individuos infantiles (como en el caso de
cinco mandibulas con denticién decidua o denticién permanente en erupcidon) o por ausencia
de trabajos descriptivos previos (como en el caso de los restos del esqueleto postcraneal). Asf,
se han mantenido la asignacion abierta para estos especimenes (Tabla 2).

Figura 6. Ejemplo de restos craneales y postcraneales del orden Chiroptera de SH; a: M3 (I),
Rhinolophus mehelyi (LUG6-6); b: rama mandibular (D), R. mehelyi (LU6-6); c: M1 (D), Myotis myotis
(LUG6-6); d: m2 (D), Miniopterus schreibersii (LUG6-6); e: fémur (D), M. schreibersii (LU-6); f: maxilar
(@), R. mehelyi (LU-11); g: mandibula (D) con m1, m2 y m3, Rhinolophus euryale (LU-11); h: maxilar
(@), Mpyotis blythii (LU-11); i: fragmento mandibula infantil (D) con denticién decidua, M.
myotis/blythii (LU-11); j: maxilar (I) con P3, P4, M1y M2, M. schreibersii (LU-11). Escala=1 mm.

Figure 6. Example of cranial and postcranial remains of order Chiroptera from SH; a: M3 (Left),
Rhinolophus mehelyi (LUG6-6); b: mandibular branch (Right), R. mehelyi (LU6-6); c: M1 (R), Myotis
myotis (LU6-6); d: m2 (R), Miniopterus schreibersii (LU6-6); e: femur (R), M. schreibersii (LU-6); f:
maxilla (L), R. mehelyi (LU-11); g: mandible (R) with m1, m2 and m3, Rhinolophus euryale (LU-11); h:
maxilla (L), Myotis blythii (LU-11); i: fragment of infant mandible (R) with deciduous dentition, M.
myotis/blythii (LU-11); j: maxilla (L) with P3, P4, M1 and M2, M. schreibersii (LU-11). Scale = 1 mm.
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Figura 7. Ejemplo de restos craneales y postcraneales del orden Chiroptera de TG (GIIIa), especie
Myotis myotis; a: fragmento de craneo; b: fragmento maxillar (D) con M2 y M3; c: mandibula (D) con
p4, ml, m2 y m3; d: epifisis proximal de humero (D); e: epifisis distal de radio (I). Escala=1 mm.

Figure 7. Example of cranial and postcranial remains of order Chiroptera from TG (GIIIa), species
Mpyotis myotis; a: skull fragment; b: maxillary fragment (Right) with M2 and M3; c: mandible (R) with
p4, m1, m2 and m3; d: humerus proximal epiphysis (R); e: radius distal epiphysis (Left). Scale = 1 mm.

3.1.3. Miniopteridae Dobson, 1875
3.1.3.1.  Miniopterus Bonaparte, 1837
Este género pose denticion nyctalodonta y férmula dental 2.1.2.3/3.1.3.3. Su craneo se

distingue de otros nyctalodontos de talla media por el rostro achatado y la cavidad craneal alta
con el area frontal subvertical. Los molares superiores presentan talén sin hipocono. P3 y p3
poseen tres y dos raices respectivamente, frente a los de las otras especies de quirépteros
identificadas en este estudio, con una sola raiz. L.os molares inferiores presentan un cingulo
irregular, grueso en el trigonido y fino en el talénido (Figura 7a).

. Miniopterus schreibersii Kuhl, 1817 (murciélago de cueva)

Esta es la unica especie del género presente en Europa y la peninsula ibérica. Aparece
de manera frecuente en las unidades analizadas del yacimiento SH, con una abundancia
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relativamente alta (Tabla 2). En contorno oclusal el C es ovalado, y la corona presenta surcos
longitudinales profundos tanto en la cara lingual como en la labial. P4, M1 y M2 poseen
talones bien desarrollados donde el cingulo se engrosa relativamente (Figura 6j). El cingulo
lingual del P4 presenta un apuntamiento en la zona de unién con la arista entre las caras
anterior y posterior, en forma de cuspide extra (Figura 6j). El contorno oclusal del p4 es
triangular. Los molares inferiores presentan un trigbnido relativamente cerrado, con cingulo
lingual; en el talonido, la posicion del entoconido es siempre mas hacia lingual que la del
hypocondlido (Figura 6d). La rama mandibular tiene forma cuadrada con los procesos
coronoides y articular a similar altura, y la unién con el cuerpo mandibular forma un angulo
bien marcado. El himero se caracteriza por presentar una epifisis distal con un proceso
estiloides largo y aplanado en forma de pala, con la fosa del olecranon y el surco entre el
condilo y el epicondilo muy marcados y profundos. El fémur posee una cabeza proyectada
anteriormente, y ligeramente aplanada en el borde distal; la epifisis distal presenta condilos
distales casi simétricos, de contorno subrectangular y mas reducidos longitudinalmente que
otros vespertilionoideos (Figura 6e).

Distribuciéon y hébitat actual: esta presente en toda la peninsula ibérica, aunque es mas

abundante en la franja mediterranea y la mitad sur peninsular, y se distribuye de forma
continua a lo largo de la Europa mediterranea, el norte de Africa y Oriente préximo (Dietz et
al. 2009; Palomo et al. 2007). Aunque ocupa toda la variedad de habitats tanto en el dominio
termomediterraneo como supramediterraneo, en conjunto muestra en preferencia por las
zonas boscosas (Dietz et al. 2009). Es una especie tipicamente cavernicola, que en Espafa ha
sido citada desde el nivel del mar hasta los 1400 m de altitud, y de la que existen numerosas
citas de su presencia en la actualidad en la mitad norte peninsular (Palomo et al. 2007).

3.2. Observaciones tafonémicas

El conjunto de huesos fésiles de quirépteros recuperados e identificados se compone
de elementos desarticulados pertenecientes tanto al esqueleto craneal como al postcraneal. Los
huesos presentan coloraciones que varfan desde el blanco hasta el castafio oscuro y negro y
aparecen en general fracturados (Figura 6, 7). Aunque escasos, en todas las unidades
estudiadas aparecen puntualmente restos completos de huesos largos (fémures y humeros) y
del crineo. El patrén de abundancia relativa de los distintos elementos esqueletales
representados varfa entre las distintas unidades estudiadas. Se observa una pérdida diferencial
del esqueleto postcraneal frente al craneal en GIIla y en LU-11, mientras que en LU-6
predominan los elementos del esqueleto postcraneal (Figura 8). En los dos primeros casos el
valor mas alto de abundancia relativa es para la mandibula, seguido en GIIlIa por el humero y
el radio y en LU-11 por el maxilar, el esternén y el fémur (Figura 8); por otro lado, el elemento
mas abundante en SU-6 es el fémur, seguido por la mandibula, los morales y los metacarpos
(Figura 8). Dos restos puntuales procedentes de SH presentan marcas de disolucion.

La proporciéon de grupos de edad representados en base al desgaste dental varia en
funcién del taxén estudiado, aunque se observan algunos patrones: en general, hay una
predominancia de individuos adultos y ausencia de adultos mayores para todas las especies; la
excepcion es Rhbinolophus mebelyi, en la que predominan los individuos subadultos tanto en LU-
6 como en LU-11, y aparecen adultos mayores en LU-11 (Figura 9). Ademas, en la unidad LU-
11 se han recuperado cinco mandibulas correspondientes a un minimo de 4 individuos con
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asignacion abierta Myotis myotis/ blythii y caracteres infantiles (denticiéon decidua, Figura 6i, o
denticién permanente en erupcion).
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Figura 8. Composicién del registro de cada unidad litoestratigrafica en términos de abundancia relativa
(Ri) de los principales elementos esqueletales presentes, nimero absoluto de elementos sobre cada
barra; cr: craneo; mx: maxilar; md: mandibula; m: molar; bu: bulla timpanica; est: esterndn; clav:
clavicula; esc: escapula; hu: hiimero; ra: radio; mtcp (II-V): metacarpos 2° a 5°% fe: fémur; ti: tibia.

Figure 8. Composition of the assemblage of each lithostratigraphic unit in terms of relative abundance
(Ri) of the main skeletal elements present, the absolute number of elements is indicated over each bar;

cr: cranium; mx: maxilla; md: mandible; m: molar; bu: tympanic bulla; est: sternum; clav: clavicle; esc:
scapula; hu: humerus; ra: radius; mtcp (II-V): metacarpals 2nd to 5th; fe: femur; ti: tibia.
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Figura 9. Porcentaje (%) que representa cada grupo de edad basado en el desgaste dental (subadulto,

adulto, adulto mayor) en cada especie en las tres unidades estudiadas.

Figure 9. Percentage (%) represented by each age group based on dental wear (subadults, adults, old
adults) in each species in the three studied units.

3.3. Aproximacién paleoambiental
Las especies del orden Chiroptera registradas en las unidades estudiadas aparecen en la
actualidad distribuidas a lo largo de la peninsula ibérica y Europa (Dietz et al. 2009; Palomo et
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al. 2007). Se trata en todos los casos de especies tipicamente cavernicolas (Tabla 4), algunas de
ellas (como Myotis myotis, Myotis blythii y Miniopterus schrezbersii) con tendencia a formar grandes
agrupaciones (Dietz et al. 2009; Palomo et al. 2007). En el caso del yacimiento de SH, las
asociaciones registradas tanto en LU-6 como en LLU-11 son tipicamente mediterraneas, con
presencia de las especies termofilas (Figura 10) Rhinolophus mebelyi y Miniopterus schreibersii
(Palomo et al. 2007).

Especie AS AH Bo Ac Ro
Rhbinolophus mebelyi 60 0 20 0 20
Rbinolophns enryale 0 0 80 0 20

Myotis myotis 0 0 80 0 20
Myotis blythii 0 80 0 0 20
Miniopterus schreibersii 20 20 40 0 20

Tabla 4. Porcentajes de preferencia por cada tipo de habitat atribuidos a cada especie de acuerdo con
Dietz et al. (2009); Palomo et al. (2007). AS: ambiente abierto y seco; AH: ambiente abierto y himedo;
Bo: ambiente de bosque y de transicién; Ac: ambiente acuatico y de borde; Ro: ambiente de roquedal.

Table 4. Percentages of habitat preferences attributed to each species according to Dietz et al. (2009);
Palomo et al. (2007). AS: open and dry environment; AH: open and humid environment; Bo: forest and
transitional environment; Ac: aquatic and edge environment; Ro: rocky environment.

N H’ % espd n espa n espt h
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Figura 10. Indicadores de paleodiversidad y paleoambiente analizados sobre la asociacion de
quirépteros de cada unidad. N: numero de especies; H’: indice de Shannon-Wienner; % espd:
porcentaje que representa los individuos de la especie mas abundante sobre el total; n espa: numero de
especies accidentales (menos de 10 individuos en todas las unidades); n espt: nimero de especies
termofilas; h: porcentajes atribuidos a cada tipo de habitat mediante la aplicacion del método de
ponderacion de habitats; AS: ambiente abierto y seco; AH: ambiente abierto y humedo; Bo: ambiente
de bosque y de transicion; Ac: ambiente acuatico y de borde; Ro: ambiente de roquedal.

Figure 10. Palaeodiversity and palacoenvironmental indicators analysed on the association of bats of
each unit. N: number of species; H’: Shannon-Wienner index; % espd: percentage represented by the
individuals of most abundant species on the total; n espa: number of rare species (less than 10
individuals in all units); n espt: number of thermophilic species; h: percentages attributed to each type
of habitat through the application of the habitat weighting method; AS: open and dry environment; AH:
open and humid environment; Bo: forest and transition environment; Ac: aquatic and edge
environment; Ro: rocky environment.

Todas las especies muestran en general preferencia por los habitats forestales (Tabla 4;
Dietz et al. 2009; Palomo et al. 2007), aunque es remarcable el incremento de la presencia de
especies con preferencia por ambientes mas abiertos en LU-11 en comparacién con LU-6
(Figura 10): R. mebelyi, que pasa a ser la especie dominante en esta unidad, y Myotis blythii,
ausente en la unidad anterior (Tabla 2). En el caso de Myotis myotis como tunica especie
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identificada en Gllla, se trata de un murciélago ampliamente distribuido en Europa y Espafia
que en general muestra preferencia por los habitats de tipo boscoso o de borde (Tabla 4; Dietz
et al. 2009; Palomo et al. 2007). Se aprecian asi importantes diferencias en la
paleobiodiversidad registrada en las distintas unidades, siendo este valor maximo en la unidad
LU-11 del yacimiento SH y minimo en la unidad GIlla del yacimiento TG (Figura 10).

4. Discusion

4.1. Origen de la acumulacién

En los dos yacimientos estudiados (unidades LU-6 y 11 de SH, y subunidad GlIIa de
TG) se observa una pérdida diferencial de elementos esqueletales, mientras que los elementos
preservados corresponden mayoritariamente a aquellos huesos con una durabilidad potencial
mayor: mandibulas, hiumeros, radios y fémures (todos entre los huesos mas robustos dentro
del esqueleto en general liviano de los quirépteros, Lopez-Garcfa et al. 2011d). La ausencia
practicamente total de marcas de disolucion, asi como la presencia de especies tnicamente
cavernicolas, apunta en los tres casos estudiados a un origen de la acumulacién por muerte
natural de los individuos que ocupaban la cueva como refugio (Galan et al. 2016a; Galan et al.
2018a; Lopez-Garcia et al. 2011d). La pérdida de los elementos mas fragiles estarfa ocasionada
por procesos destructivos dentro de la dinamica del karst (e.g. transporte o disoluciéon por
fluidos acidos). L.a proporcién entre quirdpteros y otros pequefios mamiferos registrados
difiere entre los dos yacimientos. Tanto en LU-6 como en LU-11, los quirdpteros representan
un porcentaje muy elevado sobre el total de la microfauna registrada, especialmente en LU-11
(Cuenca-Bescos et al. 1997). Por el contrario, en el yacimiento TG en general (y el nivel Gllla
en particular) los restos de quirdpteros son mucho menos abundantes que los de otros
pequefos vertebrados (Cuenca-Bescés & Garefa, 2007; Cuenca-Bescos et al. 1999a). La
diferente situaciéon de los dos yacimientos dentro del conjunto del sistema karstico puede
explicar esta diferencia: SH es una cavidad profunda considerablemente alejada de la zona de
entrada a la cueva y por lo tanto con menor cantidad de aportes del exterior, mientras que TG
se encontraba proxima a la zona de entrada, como atestiguan el origen aléctono de los niveles
GII y GIII (Pérez-Gonzalez et al. 1995, 1999, 2001) y los diversos horizontes de ocupacion
humana registrados en ellos (Garcia-Medrano et al., 2014, 2015, 2017; entre otros). Por ultimo,
los grupos de edad representados en las asociaciones también apuntan a un uso diverso de las
cavidades para cada momento. En la unidad litoestratigrafica LU-6 de SH, aunque el nimero
total de individuos es muy bajo y por tanto poco significativo, se intuye una diferencia entre el
tipo de uso de las tres especies: como refugio fuera de la temporada de cria e hibernacién en
los casos de Myotis myotis y Miniopterus schreibersii (solo adultos), y refugio de maternidad en el
caso de Rbinolophus mebelyi (solo subadultos). En la unidad litoestratigrafica LU-11 de SH, la
composicion fragmentada en R. mebelyi es propia de una colonia de hibernaciéon (todos los
grupos de edad representados), mientras que los individuos infantiles con asignacién abierta
Myotis myotis/ blythii son indicativos de una colonia de ctia para una o ambas especies; la
proporcién entre los grupos de edad representados para M. schreibersii y Rhbinolophus eunryale,
predominantemente adultos con presencia de subadultos, probablemente indique el uso como
refugio fuera de la temporada de crfa e hibernacién. Este mismo patrén (predominancia de
adultos con presencia limitada de subadultos) se observa en la especie M. myotis en el nivel
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GllIIa; como en el caso anterior, probablemente empleara la cavidad como refugio fuera de la
temporada de cria e hibernacion.

4.2. Registro de quirdpteros del Pleistoceno Inferior y Medio en la mitad
norte peninsular

Estos resultados permiten completar las listas faunisticas de los dos yacimientos aqui
estudiados. En el caso de SH, se confirma la presencia de R. mebelyi, M. myotis y M. schreibersii
(Cuenca-Bescés & Laplana, 1997; Cuenca-Bescos et al. 1994; Gil & Sesé, 1991) en las dos
unidades estudiadas (LU-6 y LLU-11), mientras que la lista de quirépteros se amplia para la
unidad LU-11 con la identificacion de las especies Rhinolophus enryale y M. blythii. En el caso de
TG, nivel GllIa, se registra la presencia de Myotis myotis (antes citado como Myotis sp., Cuenca-
Bescos & Garcia, 2007) como unico quiréptero en esta subunidad, aunque el nimero de
muestras estudiadas en GIIla es reducido y futuros trabajos podrian ampliar la lista faunistica.
En cuanto a la paleodiversidad, destaca que la proporciéon entre las distintas especies
representadas en SH (donde M. myotis es dominante en LU-6 y R. mebelyi es dominante en LU-
11) es mucho mas igualitaria que en la mayor parte del registro del Pleistoceno Inferior y
Medio de la Sierra de Atapuerca, donde M. myotis es la especie dominante con mucha
diferencia (situacion observada en la Unidad Inferior Roja de TE, Galan et al. 2016a; y a lo
largo de la secuencia de TD, Capitulo 4).

Los resultados de este trabajo corroboran una asociacién faunistica de quirdpteros en
el Pleistoceno Inferior y Medio de la Sierra de Atapuerca basada en la triada de especies Myotis
myotis, R. mebelyi y Miniopterus schreibersii (Galan et al. 2016a, Capitulo 4) que no es habitual en el
registro de otras localidades de la mitad norte de la peninsula ibérica en esta cronologia (Tabla
0, Capitulo 4). La importante representacion de R. mebelyi en SH (LU-6 y LU-11) asi como a lo
largo del Pleistoceno Inferior y Medio de Atapuerca (Cuenca-Bescés & Laplana 1997; Galan
et al. 2016a; capitulo anterior) contrasta con la ausencia de citas de esta especie en otros
yacimientos de la mitad norte peninsular con cronologfa Pleistoceno Medio (Tabla 6, Capitulo
4). La presencia de Rhinolophus euryale en LU-11 revierte interés para la comprension de la
historia de esta especie en la peninsula ibérica: ha sido citada puntualmente en el Pleistoceno
Inferior inicial del sur de Espafia (Almenara Casablanca 1, Agusti et al. 2011; Cueva Victoria,
Sevilla 2012) y aparece ocasionalmente en yacimientos del Pleistoceno Superior de toda la
peninsula (Gabasa, Blasco-Sancho 1995; Los Casares, N[ingo—Alvarez et al. 2014; Cuenca-
Bescos et al. 2016a; Los Batanes, Galan et al. 2018a; El Reguerillo y La Carihuela, Sevilla
1988), pero se trata del tnico registro del Pleistoceno Medio. No obstante, estos resultados
deben ser tomados con cautela debido a la incongruencia entre las dataciones obtenidas para la
unidad LU-11 en distintos trabajos (Arnold et al. 2014; Bischoff et al. 1997). Los resultados de
este trabajo reafirman la gran estabilidad de las poblaciones de M. myotis a lo largo del
Pleistoceno Inferior y Medio de la Sierra de Atapuerca (Galan et al. 2016a; Capitulo 4), que de
nuevo contrasta con la escasez de registro de esta especie en el resto de la mitad norte
peninsular en estas cronologias (tan solo se citan especimenes con asignacion abierta M.
myotis/ blythii en los yacimientos de Pridena y Guardo, Sevilla 1988). La abundancia de M.
schreibersii en SH es relativamente baja y esta ausente en GIlla, una tendencia observada
también a techo de la secuencia de TD, unidad TD10 (Capitulo 4). Por ultimo, la especie
Myotis blythii ha sido identificada en la unidad superior de SH (LU-11) junto con ejemplares de
su especie hermana Myotis myotis. La asignaciéon de restos fragmentarios de murciélagos
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ratoneros a la especie Myotis blythii (morfolégicamente muy similar a M. myotis) en yacimientos
de edad Pleistoceno Inferior y Medio de la peninsula ibérica revierte cierta controversia.
Ambas especies estan cercanamente emparentadas, y los datos actuales apuntan a una
separacion de los dos taxones a partir de un ancestro comun fechado mediante estudios
moleculares en unos 560 ka BP (Bogdanowicz et al. 2009). Mediante un proceso especiacion
alopatrida, las poblaciones dispersas en refugios glaciares dieron lugar en Europa Occidental a
la especie M. myotis, y en Asia a M. blythii s. 1. (para una vision ampliada de la historia evolutiva
de este complejo de especies, ver Furman et al. 2014); esta dltima no penetraria en la peninsula
ibérica hasta el Holoceno, procedente del este de Europa (Benda & Horacek 1995; Topal &
Ruedi 2001). Sin embargo, los resultados de este trabajo, unidos a otras citas procedentes de
yacimientos espafioles del Pleistoceno Inferior (Almenara Casablanca 3, Agusti et al. 2011),
Medio (TEURU, Lépez-Garcia et al. 2011b; Mollet I (5), Lépez-Garcia et al. 2014¢; Maroto et
al. 1987) y Superior (I’Arbreda, Cova Colomera, Lopez-Garcia 2011) contradicen esta vision.
Por otro lado, es llamativa la ausencia de M. blythii a lo largo de las secuencias bien estudiadas
de Sima del Elefante-TELRU y TD (Galan et al. 2016a; Capitulo 4). De nuevo, debe ser tenida
en cuenta la incongruencia entre las dataciones obtenidas para la unidad LU-11 en distintos
trabajos (Arnold et al. 2014; Bischoff et al. 1997), aunque en todo caso la fecha mas reciente
asignada en la literatura para esta unidad se encontrarfa todavia en una cronologia anterior al
momento de llegada de la especie M. bhythii a la peninsula ibérica establecido en Benda &
Horacek (1995); Topal & Ruedi (2001). Considerados en conjunto los datos procedentes del
registro fosil y del estudio genético del complejo de especies Myotis myotis/ blythii, es probable
que nos encontremos ante un escenario complejo en su historia evolutiva y distribucion
paleogeografica que podria comprender diversos episodios de desaparicion y aparicion de las
poblaciones de Myotis blythii en la peninsula ibérica. Por tanto, se hace necesaria la realizacién
de estudios mas extensos y la revision del material con asignacion abierta y/o dudosa. Por
ultimo, la unidad LU-11 del yacimiento de SH supone el primer registro de ambas especies en

Espafia en un mismo yacimiento y nivel.

4.3. Aproximacioén paleoambiental e impacto antrépico

La composicion del paisaje basada en la asociacion de quirdpteros fosiles muestra una
gran diferencia entre SH y TG, con un paisaje parcheado con alternancia de habitats abiertos y
boscosos en el primer caso y uno mucho mas homogéneo dominado por el habitat de bosque
y las zonas de transicion en el segundo (Figura 9). Los pequefios mamiferos no quirdpteros
recuperados en SH indican la predominancia de habitat de bosque (Apodemus sylvaticus y
Eliomys guercinus) con presencia de algunas zonas abiertas y secas (Alocricetus bursae) en la
unidad LU-6, mientras que en LU-11 solo aparece Apodemus sylvaticus (Cuenca-Bescods et al.
1997); se trata de unos resultados similares a los indicados por la asociacién de quirépteros.
Por otro lado, los pequefios mamiferos no quirdpteros registrados en la unidad GIII del
complejo Galerfa-Zarpazos muestran una predominancia de los paisajes abiertos, tanto secos
(Terricola, Allocricetns) como himedos (Microtus, 1beromys) (Cuenca-Bescos et al. 1999a; Galindo-
Pellicena et al. 2011), lo que contrasta con la preferencia por habitats de bosque de la tnica
especie de quiréptero presente en esta unidad (Myotis myotis). Es interesante comparar los
resultados de este trabajo en SH y TG con la aproximaciéon obtenida a partir de la asociacion
de quirépteros de la unidad TD10 de TD (cuya base serfa parcialmente sincrénica con LU-11
o ligeramente mas reciente, y cuyo techo es sincréonico a GIII), en la que se observa una
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composicion del paisaje homogénea y predominantemente boscosa (Capitulo 4) y donde, sin
embargo, otros indicadores indirectos (herpetofauna y pequefios mamiferos) indican una
composicion del paisaje mas variada y con mas presencia de zonas abiertas (Blain et al. 2008;
2009; Cuenca-Bescos et al. 2005; 2011; ver sintesis en Capitulo 4, Tabla 5). Las asociaciones de
quiropteros de los dos yacimientos aqui estudiados (SH y TG) muestran un deterioro de la
paleocomunidad en la unidad mas reciente, Gllla, donde tan solo Mjyotis myotis aparece
registrado (Figura 10). Si consideramos en conjunto estos resultados con los obtenidos para la
parte alta de la secuencia de TD (unidades TD8 a TD10), se puede apreciar un descenso
paulatino de la diversidad de los quirdpteros de la Sierra de Atapuerca desde el comienzo del
Pleistoceno Medio hacia épocas mas recientes, con los valores mas altos en TD8 (Capitulo 4),
seguidos por SH, una fuerte reduccion en la unidad TD8-9, diversidad baja y cambio del tipo
de fauna registrada en TD10 (Capitulo 4) y minima diversidad en la unidad GIII de TG. Por
otro lado, en SH estan presentes las principales especies termofilas del Pleistoceno Inferior y
Medio de Atapuerca (R. mehelyi y M. schreibersii) mientras que estas especies estan ausentes
tanto en la unidad TD10 de TD (Capitulo 4) como en la unidad GIIla de TG. Asi pues, se
puede reconocer en los yacimientos de Atapuerca un proceso comun de disminucién en la
paleodiversidad de los quirépteros y desaparicion de las especies termofilas, que se inicia a
comienzos del Pleistoceno Medio y se intensifica a lo largo de este periodo. Este declive en las
comunidades de quirépteros se ha puesto, en el caso de la Gran Dolina, en relacién con un
aumento de las condiciones de aridez, asi como con la presencia de pulsos frios (Capitulo 4).
El deterioro climatico en este momento podria ser también el causante de la baja diversidad
observada en GllIa, de cronologia mas reciente.

Por dltimo, existen evidencias en el registro fosil europeo de la influencia del ser
humano sobre las comunidades de quirépteros que compartian refugio en una misma cueva
(Lopez-Garcia et al. 2011d; Rossina 20006; Salari 2010; entre otros). En el caso de Atapuerca,
se ha observado una relacion entre la explotaciéon humana intensiva de la Gran Dolina en
TD10 y un descenso en la diversidad y presencia de quirépteros, asi como un cambio en el
tipo de uso de la cueva por parte de estos, de refugio anual a refugio estacional de hibernacion
(Capitulo 4). En la unidad GIIla, donde se ha constatado la ocupacién humana esporadica de
la cueva (Garcfa-Medrano et al. 2014, 2015, 2017), se registra asi mismo una escasa diversidad
de quirdpteros, con solo una especie representada, pero las caracteristicas de la acumulacion
apuntan a un uso diferente de la cueva, como refugio fuera de la temporada de cria e

hibernacién.

5.  Conclusiones

En este trabajo se estudian los quirdpteros fosiles de los yacimientos Sima de los
Huesos y Trinchera-Galeria del Pleistoceno Medio de Atapuerca. Este estudio ha permitido
aportar nuevos datos completando las listas faunisticas de ambos yacimientos. En la Sima de
los Huesos se han identificado cinco especies: Rhbinolophus mebelyz, Rhinolophus euryale, Myotis
myotis, Myotis blythii y Miniopterus schreibersii. En el nivel Gllla de Trinchera-Galerfa se ha
identificado una unica especie: M. myotis. Los especimenes acumulados proceden de individuos
que murieron en el interior de la cavidad por causas naturales durante el uso de dichas
cavidades como refugio. Los resultados obtenidos en este trabajo refuerzan por un lado la idea
de una asociacién faunistica de quirépteros en el Pleistoceno Inferior y Medio de la Sierra de
Atapuerca basada en la trfada de especies M. myotis, R. mebelyi y M. schreibersii; por otro, la gran
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estabilidad de la poblacion de M. myotis en la zona a lo largo de este periodo. La elevada
frecuencia de R. Mehelyi y M. myotis en Atapuerca contrasta con la escasez de citas de estas
especies en el registro del Pleistoceno Inferior y Medio de la mitad norte peninsular. Asi
mismo, otras dos especies poco frecuentes en registros de esta cronologia en Espafia han sido
identificadas en la unidad LU-11 de la Sima de los Huesos: R. euryale y M. blythii. En el primer
caso, la presencia de R. exryale en la localidad de Atapuerca cubriria el vacio de registro de esta
especie en Espafia desde el inicio del Pleistoceno Inferior hasta el Pleistoceno Superior
conocido hasta ahora. En el segundo, la presencia de M. blythii sugiere un proceso mas
complejo en la historia evolutiva de esta especie y su especie hermana M. myotis, con diversos
episodios de aparicion y desaparicion de M. bhythii en la peninsula ibérica a lo largo del
Pleistoceno. De cara a resolver el puzle de la historia evolutiva de este complejo de especies se
hace necesaria la realizaciéon de futuros estudios de ampliacion de muestra, asi como de
revision del material pleistoceno ibérico con asignacion abierta o dudosa.

Por otro lado, los indicadores paleoambientales basados en las asociaciones de
quiropteros analizados en este trabajo corroboran la existencia de un proceso de disminucion
en la paleodiversidad de los quirdpteros y desaparicion de las especies termofilas a partir del
inicio del Pleistoceno Medio, comun a los yacimientos de la Sierra de Atapuerca, que se
intensifica a lo largo de este periodo y que puede relacionarse con un proceso de deterioro
climatico (aumento de la aridez y pulsos frios). Por dltimo, aunque algunas semejanzas en el
tipo de asociacion de quirdpteros entre la unidad TD10 de la Gran Dolina y la subunidad
GIlla de Trinchera-Galerfa apuntan a wuna posible influencia antrépica en las
paleocomunidades de quirépteros de este ultimo yacimiento, es necesario realizar estudios
futuros ampliando la cantidad de muestras analizadas a lo largo de toda la secuencia para
obtener a resultados concluyentes.
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Los murciélagos fosiles del
Pleistoceno Superior del
yacimiento de la Cueva
Aguilén P7 (Zaragoza, Espana)

Fossil bats from the Late Pleistocene site of the Aguilon P7 Cave
(Zaragoza, Spain)

Los murciélagos (Chitoptera, Mammalia) son una fuente valiosa e independiente de informacién
paleoambiental en los yacimientos cuaternarios, ya que las acumulaciones de murciélagos fosiles no tienen
necesariamente el mismo origen que las de otros pequefios mamiferos. En este trabajo se presenta una
pequefia coleccion de murciélagos (NMI 15) del relleno sedimentario de la cueva P7 de Aguilén o AGP-7
(Zaragoza, Espafia) de edad Pleistoceno Superior (MIS 3). Esta es una de las raras localidades al sur del rio
Ebro (margen derecha) con pistas de neandertales; por lo que los datos paleoambientales proporcionados en
este trabajo son de gran interés. Se han identificado nueve taxones de murciélagos. Rbinolophus ferumequinum,
Rhbinolophus hipposideros, Myotis myotis, Myotis cf. bechsteinii, Myotis emarginatus, Myotis danbentonii, Plecotus gf.
anritus/ anstriacus, Hipsugo savii vel. Pipistrellus knblii/ nathusii, y Miniopterus schreibersii. La presencia de un alto
nimero de especimenes subadultos de las primeras cuatro especies sugiere la presencia de colonias
reproductoras. La diversidad sorprendentemente alta de la muestra indica una cobertura vegetal variada y una
humedad relativamente alta para la etapa MIS 3 en la region.

Bats (Chiroptera, Mammalia) are a valuable and independent source of palacoenvironmental information in
Quaternary sites because bat assemblages are not necessarily produced by the same processes as those of
other small mammals. Here, we report a small collection of bats (MNI 15) from a cave infill of the Aguil6n
P7 (AGP-7) site (Zaragoza, Spain) dated Late Pleistocene (MIS 3). This is one of the rare localities south of
the Ebro River (right bank) with Neanderthal tracks; therefore, the palacoenvironmental data provided here
may help us to understand Neanderthal history. Nine bat taxa were identified, viz. Rbinolophus ferumequinum,
Rbinolophus hipposideros, Myotis myotis, Myotis cf. bechsteiniz, Myotis emarginatus, Myotis danbentonii, Plecotus gt.
anritns/ anstriacus, Hipsugo savii vel. Pipistrellus kublii/ nathusii, and Minigpterus schreibersii. The presence of a high
number of subadults individuals of the first four species suggests the presence of breeding colonies. The
surprisingly high diversity of the sample indicates a variegated vegetation cover and relatively high humidity
for the MIS 3 stage in the region.
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1. Introduction

Bat fossil remains (Chiroptera, Mammalia) are interesting palacoenvironmental
indicators in Quaternary sites mainly due to their specific habitat preferences. Bats are only
occasionally preyed upon by owls and other predators, such as carnivorous mammals, snakes
or lizards (Garcia et al. 2005; Kowalski 1995; Rosina & Shokhrin 2011; Sommer et al. 2009),
but their habit of forming roosting colonies in caves sometimes allows the formation of
exceptionally well-preserved assemblages (Lopez-Garcfa & Sevilla 2012). Because bat
assemblages are not necessarily produced by the same processes as other small mammal
assemblages, they provide a valuable independent source of palacoenvironmental information.
Here, we describe for the first time a relatively diverse association of bats found in Aguilén P7
Cave (AGP-7), a new locality dating to the Late Pleistocene (MIS 3) in the central Ebro Valley.
AGP-7 is one of the rare localities of the south of the Ebro River with Neanderthal tracks,
and palacoenvironmental data provided by this site may help understanding Neanderthal
history (Cuenca-Bescds et al. 2010a; Sauqué et al. 2014a). We focus on the taxonomic
identification of the bat remains, the origin of the accumulation, the palacoenvironment, and
the comparison with other chiropteran associations from the Iberian Late Pleistocene.

2. The locality

2.1. Geographical and geological location

AGP-7 is a palacontological cave-site located in the north face of the Iberian Range to
the south of the River Ebro. It is situated on a small hill named Cerro Pezdén; the mouth of
the cave is open at 683 m above sea level (m a. s. 1) on the left bank of the Valdeaguilén
ravine, close to the town of Aguilén and 55 km from the main city of Zaragoza (Figure 1)
(Gisbert & Pastor 2009). The P7 cave is part of a karst system in Upper Jurassic (Malm)
marine limestones that opens at the contact between the two main formations from this age in
the Iberian Range: the matls and clays of Loriguilla (Kimmeridgian) and the thick limestones
of Higueruelas (Tithonian) (Cuenca-Bescés et al. 2010a). As with other cases of speleogenesis
in the Iberian Peninsula, the karst system is expected to have developed during the Pliocene-
Early Pleistocene (Ortega et al. 2013). Its geometry, orientation and karst-cavity filling were
conditioned by the incision of the main rivers, such as the River Ebro, and the development
and incision of their hydrological basins. In the light of a preliminary geological survey made
in the area in May 2010, the drainage of the karst system presumably changed from an original
exit towards the River Huerva, the main river in the area, to the current discharge towards the
Valdeaguiléon Ravine, a secondary incision in the hydrological system of the area. The P7 cave
is rather shallow and consists of an outer entrance hall and an inner gallery (Figure 2). The
cavity filling sediment of the outer entrance hall, where the main palacontological excavation
took place, consists of a single sedimentary level, 85 cm thick, comprising heterometric
limestone ridges in a reddish clay matrix, probably corresponding to a single deposition event,
while sediments in the inner gallery were likely deposited during a previous stage (Cuenca-
Bescos et al. 2010a).
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Figure 1. Geographical and geological location of the Aguilén P7 site, modified from Cortés-Gracia &
Casas-Sainz (1996).

Figura 1. Localizacion geografica y geoldgica del yacimiento Aguilén P7, modificado de Cortés-Gracia
& Casas-Sainz (1996).

2.2. Dating the sedimentary fill of the AGP-7

A bone fragment that came out of a sample of fossil remains from the surface
cleaning, almost certainly from the top of the section, was dated by radiocarbon resulting in
34,760 £ 360 BP-34,860 £ 360 BP (Beta — 222732), providing a minimum age of the reservoir
in the area’s known slope (P in Figure 2). In recent years, a second radiocarbon date was
provided by a bone from a roe deer Capreolus capreolus exhumed from the base of the section.
This gave an age of just under 46.3 ka BP (OxA-27902; for the methodology employed see
Bronk Ramsey et al. 2004). Thus, the faunal and lithic assemblages point to a Late Pleistocene
biostratigraphic age, likely from the beginning of Marine Isotope Stage 3 (MIS3). MIS 3 was a
period characterized by rapid climate changes (Sanchez-Gofi & D’Errico 2005), supporting
the existence of Pleistocene communities with no present-day analogy, and that shared
distributions that are currently disjunct (Lopez-Garcia et al. 2010a; Sauqué et al. 2014b;
Sommer & Nadachowski 2000).

2.3. The faunal assemblage
Even though only a small part of AGP-7 cave has been excavated, the species richness
and the number of remains are notable. The faunal list is as follows (Cuenca-Bescos et al.
2010a; Galan 2013; Nufiez-Lahuerta et al. 2016): small mammals—Crocidura sp., Lagomorpha
indet., Apodenns sp., Microtus sp., Microtus (Terricola) sp., 1beromys cabrerae and Chionomys nivalis,
large mammals—Cuon alpinus, Canis lupus, Crocuta crocuta, Panthera pardus, 1V ulpes vulpes, Ursus
arctos, Lynx pardinus, Felis silvestris, Meles meles, Cervus elaphus, Capra pyrenaica, Capreolus capreolus,
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Rupicapra pyrenaica and Equus ferus; birds—Galliformes indet., Lagopus sp., Aquila chrysaetos, Gyps
Sfulvus, Passeridae indet., Anthus trivialis, Prunella modularis, Sturnus cf. unicolor, and Corvus
monednla. The cave may have been used as a den by large carnivores, yet some Mousterian
tools have been recovered, including a scraper, and tool marks in some fossils have been
observed, suggesting that the cave was visited by Neanderthals, even though no human

remains have been found.

Figure 2. Plan view of the Aguiléon P7 cave and the excavation grid. The following sectors were
distinguished: E: entrada, P: pendiente, C: centro and H: hiedra in the outer entrance hall; and sectors
G: galeria and F: fondo in the inner gallery. Modified from Gisbert & Pastor (2009); Cuenca-Bescés et
al. (2010a).

Figura 2. Topografia (vista en planta) de la cueva P7 de Aguilon y la cuadricula de excavacion. Los
siguientes sectores fueron distinguidos: E: entrada, P: pendiente, C: centro y H: hiedra en la zona
exterior de la sala de entrada; y sectores G: galeria y F: fondo en la galeria interna. Modificado de
Gisbert & Pastor (2009); Cuenca-Bescos et al. (2010a).

107



A

infra-orbital foramen

’ (7

P2 P3 M1 M2 M3

premaxilla

c coronoid process

L Z-’ articular process
K angular process

mental protuberance mandibular body mandibular ramus

mental foramen

zygomatic arch

D)

nasal opening palatine  poan, /<;sal spine

o)

MSS

MES trigonid talonid

PA

'
|
|
|
|
|
|
|
|
|

PR \
/WJ‘ PRD HYD
\/ heel

Figure 3. Anatomy of bat cranial skeleton. A. Lateral view of skull and hemi-mandible, and ventral view
of skull, modified from Benzal & de Paz (1990); B. Occlusal view of upper molar (left) and lower molar
(right), modified from Sevilla (1988); anatomical abbreviations in paragraph 3.1. Abbreviations.

Figura 3. Anatomia del esqueleto cranial de los quirépteros. A. Vista lateral del craneo y la
hemimandibula, y vista ventral del craneo, modificado de Benzal & de Paz (1990); B. Vista oclusal de
un molar superior (izquierda) y un molar inferior (derecha), modificado de Sevilla (1988); abreviaturas
anatémicas en apartado 3.1. Abbreviations.

3. Material and methods

3.1. Abbreviations
Institutional — MPZ: Palacontological Museum of Zaragoza; EBD: Dofiana Biological
Station-CSIC; MNCN: National Museum of Natural Science-CSIC, Madrid; GA: Aragosaurus
Group-IUCA, Zaragoza; CIAMA: International Centre for Water and Environment-La
Alfranca, Zaragoza.
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Dental terminology (Figure 3) — I: upper incisor; C: upper canine; P: upper premolars;
M: upper molars; the teeth from the lower dental series are indicated in the same way but
using lowercase letters. The anatomical parts of molars are abbreviated as follows, PA:
paracone; ME: metacone; PR: protocone; PAC: paracrista; MEC: metacrista; PRC: pro-
tocrista; PAS: parastyle; MSS: mesostyle; MES: metastyle; HY: hypocone; PL: paraconule; ML:
metaconule; PAD: paraconid; MED: metaconid; PRD: protoconid; END: entoconid; HYD:
hypoconid; HLD: hypoconulid; ENCD: entocristid; PALD: paralophid; tg: trigonid; td:
talonid.

Anatomical elements — max: maxilla; md: mandible; hu: humerus; d. e.: distal epiphysis;
diap.: diaphysis; fr: fragment.

3.2. Sample processing and fossil sorting

The bat fossil remains studied here consist of dis-articulated bone fragments collected
by water-screening the sediment excavated at the Cave P7 during the years 2005, 2009 and
2010. Superimposed screens of 0.2 cm and 0.05 cm mesh were used. The palacontological
excavation was divided into six different sectors (Figure 2): Entrada (E), Pendiente (P), Centro
(C), Galerfa (G), Fondo (F) and Hiedra (H); in situ material was extracted from sector F and
from sectors E, P, C and H. The fossils were picked out from the residues, and then the bat
remains were separated and identified. They are all kept in the MPZ. To evaluate the bat
representation, the number of identified specimens (NISP) and the minimum number of
individuals (MNI) were calculated for each taxon in accordance with Lyman (1994). For
taxonomic identification these authors have been followed: Dupuis (1986); Felten et al. (1973);
Menu & Popelard (1987); Sevilla (1988). The reference collections of the EBD, MNCN, GA
and CIAMA were used.

3.3. Palaeoenvironmental approach

We used the habitat weighting method (see Andrews 2006; Evans et al. 1981) to infer
palacoenvironmental characteristics. Five types of habitat are defined according to concrete
environmental features: “open dry (OD)”, meadows under seasonal climate change; “open
humid (OH)”, evergreen meadows with dense pastures and suitable topsoil; “woodland
(Wo)”, mature forest including woodland margins and forest patches with moderate ground
cover; “rocky (Ro)”, areas with a suitable rocky or stony substratum; and “water (Wa)”, areas
along streams, lakes and ponds. Bat remains from sector F (Figure 2) were not taken into
account for the palacoenvironmental approach as they correspond to a previous accumulation
event (Cuenca-Bescos et al. 2010a), but they were identified and measured.

4. Recorded taxa

4.1. Rhinolophidae Gray, 1825
4.1.1. Rhinolophus Lacépede, 1799
. Rhinolophus ferrumequinum (Schreber, 1774), Greater horseshoe bat
(present habitat and distribution in Table 2).
MATERIAL (Figure 4A, H; Table 1): 1 max (fr) with M1, M2; 1 max (fr) with M3; 3C;
1 P4; 1 md with p4, m1; 1 mdwith p3, p4, m1, m2, m3; 1 md (fr) with p4; 1 ¢; 2 m1; 2m2; 2
m3; 1 m1 (fr).
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DESCRIPTION: R. ferrumequinum is the most abundant species in AGP-7 and one of
the largest. The C has a trapezoidal occlusal outline with a strong crown with three sides and a
distally bent apex. The lingual side is the widest; it is flat and presents a small heel. The
cingulum thickness is variable and has a zigzag morphology, inflexions pointing alternately to
apex and root. The P4 has a rectangular occlusal outline, a wide, well-developed heel and a
narrow cingulum, which disappears distally. The upper molars present a parastyle forming an
angle, though only the M1 has a (straight) metastyle. The M1 and M2 have a rectangular
occlusal outline and a well-developed parastyle and heel. The protocone is on the mesial
margin and its base lacks a cingulum. The M3 has a subtriangular occlusal outline and presents
a small parastyle. The metacone is smaller than the protocone, and there is a slightly developed
metaconule on the postprotocrista. The maxilla fragments present the infra-orbital foramen
located over the alveolus of the M2, and the alveolus of the M3 is located on the zygomatic
arch root. The ¢ has a semicircular occlusal outline in the base but the cusp has two sides, its
apex and root are aligned and the cingulum is narrow and forms a small projection at posterior
side. The p3 is very small — sometimes even absent — and appears out of the dental series. The
p4 has a trapezoidal occlusal outline with three sides and a narrow cingulum, which is slightly
thicker at the distal margin. The lower molars are of the nyctalodont type and present a
narrow and regular labial cingulum. The m1 and m2 have an open trigonid, which is narrower
in m2, and their lingual cusplets are not aligned, the hypoconulid having a labial position. The
m3 presents a narrow trigonid and a reduced talonid due to the labial migration of the
entoconid. The mandibles have a long and flat horizontal body and an almost rectangular
mandibular ramus with flat and low coronoid process. The mental protuberance appears well-
developed; the mental foramen is circular and located under the p2 alveolus, or under the
junction of the alveoli of ¢ and p2.

DISCUSSION: The morphological features and the size (Table 1) of the teeth and
bones of this fossil material conform to the specimens of R. ferrumequinum described in Sevilla

(1988).

. Rhinolophus hipposideros (Bechstein, 1800), Lesser horseshoe bat
(present habitat and distribution in Table 2).

MATERIAL (Figure 4E; Table 1): 1 max (fr) with P4, M1, M2.

DESCRIPTION: This is the smallest species of this genus in the Palaearctic region.
The P4 has a rectangular occlusal outline and a wide, well-developed heel. The thickness of
the cingulum is constant along the heel. The upper molars present a parastyle forming an
angle, a straight metastyle and a comparatively wide heel. The M1 has a square occlusal
outline, while the M2 is narrower. The base of the protocone lacks a cingulum and in the M1,
it advances beyond the heel. Although the studied maxilla is fragmented, the bulging-out nasal
region can be appreciated, and also the huge palatine incision caused by the disarticulation of
the premaxilla, typical in this genus. The posterior rim of the horizontal plate of the palatine
presents a square outline, a well-developed posterior nasal spine and a choanal line anteriorly
displaced in comparison with other members of the genus.

DISCUSSION: The wide heel of the upper teeth and the size of the remains (Table 1)
indicate that the remains belong to R. hipposideros according to Sevilla (1988). The features of
the palatine posterior rim have been also observed in the R. hipposideros specimens from the
EBD collection.
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Figure 4. Fossil cranial bat remains from the Aguilén P7 site. A: (Right) C of Rhinolophus
ferrumequinum (MPZ 2014/257); B: (Left) C of Myotis emarginatus (MPZ22014/278); C: (L) C of
Plecotus gt. auritus/austriacus (MPZ 2014/286); D: (R) C of Miniopterus schreibersii (MPZ 2014/290);
E: fragment of (R) maxilla of Rhinolophus hipposideros (MPZ 2014/240); F: fragment of (L) maxilla of
Myotis myotis (MPZ 2014/271); G: (R) M2 of Plecotus gt. auritus/austriacus(MPZ 2014/285); H: (L)
mandible of R. ferrumequinum (MPZ 2014/241); I: (L) p4 of M. gt. myotis/blythii (MPZ 2014/265); J:
fragment of (L) mandible of Myotis daubentonii (MPZ 2014/279).

Figura 4. Restos craneales fésiles de quir6pteros del yacimiento Aguilon P7. A: C (Derecho) de
Rhinolophus ferrumequinum (MPZ 2014/257); B: C (Izquierdo) de Myotis ematginatus
(MPZ2014/278); C: C (I) de Plecotus gt. auritus/austriacus (MPZ 2014/286); D: C (D) de Miniopterus
schreibersii (MPZ 2014/290); E: fragmento de maxilar (D) de Rhinolophus hipposideros (MPZ
2014/240); F: fragmento de maxilar (D) de Myotis myotis (MPZ 2014/271); G: M2 (D) de Plecotus gt.
auritus/austriacus (MPZ 2014/285); H: mandibula (I) de R. ferrumequinum (MPZ 2014/241); I: p4 (I)
de M. gr. myotis/blythii (MPZ 2014/265); J: fragmento de mandibula (I) de Myotis daubentonii (MPZ
2014/279).
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Figure 5. Distal humeral epiphysis of fossil bats from the Aguilén P7 site. A: (Left) distal humeral
epiphysis of Myotis cf. bechsteinii (MPZ 2014/282); B: (L) distal humeral epiphysis of Myotis
emarginatus/daubentonii (MPZ 2014/281); C: (L) distal humeral epiphysis of Hypsugo savii vel.
Pipistrellus gr. kuhlii/nathusii (MPZ 2014/287); D: (L) distal humeral epiphysis of Miniopterus
schreibersii (MPZ 2014 /288).

Figura 5. Epifisis distales de himeros de quirépteros fosiles del yacimiento Aguilén P7. A: epifisis distal
de humeros (Izquietdo) de Myotis cf. bechsteinii (MPZ 2014/282); B: epifisis distal de humeros (I) de
Myotis ematginatus/daubentonii (MPZ 2014/281); C: epifisis distal de humeros (I) de Hypsugo savii
vel. Pipistrellus gt. kuhlii/nathusii (MPZ 2014/287); D: epifisis distal de himeros (I) de Miniopterus
schreibersii (MPZ 2014 /288).
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4.2. Vespertilionidae Gray, 1821
4.2.1. Mpyotis Kaup, 1829

. Myotis myotis (Borkhausen, 1797), Greater mouse-eared bat (present
habitat and distribution in Table 2).

MATERIAL (Figure 4F, I; Table 1): 1 max (fr) with P4, M1; 1 P2; 2 P4; 1 M1; 2 ¢; 3
p4; 5 ml (fr); 1 m2 (fr).

DESCRIPTION: The P2 has an oval occlusal outline, while P4 is triangular with a
very strong crown; both have a thick cingulum. The M1 has a square occlusal outline. It
presents a well-developed parastyle forming an angle, and a smaller bent metastyle. The
cingulum is thick, but it is not present at the base of the protocone and the lingual. There is a
metaconule. The maxilla fragment presents the infra-orbital foramen located above the
junction of the P4 and M1 alveoli; the bone bar between the foramen and the orbit is rather
thick. The ¢ has a semicircular occlusal outline in the base but the cusp has three sides, apex
and root being aligned. In the distal side, the thick cingulum is slightly projected backwards
and also forms an inflexion upwards; it disappears in the anterior side. The p4 has a
rectangular occlusal outline and a three-faced crown; the distal side is strongly concave. The
cingulum is thick, irregular and continuous. The lower molars are of the myotodont type, with
a thick and slightly irregular cingulum. The trigonid is rather closed in ml and m2, and
narrower in the latter. The lingual cusplets are not aligned; the hypoconulid has a more labial
position. The entocristid is almost straight.

DISCUSSION: The morphological features and the size (Table 1) of the remains
indicate that they belong to a large species of the genus Myotis (Myotis myotis or Myotis blythii)
according to Dupuis (1986); Menu & Popelard (1987); Sevilla (1988); among others. Some
biometric methods allow the two species to be distinguished (see Galan et al. 2018b), and
although they are hard to use when the sample is composed of isolated teeth, the size of the
molars allows us to assign the remains to M. myotis.

. Myotis bechsteinii (Kuhl, 1817), Bechstein’s bat (present habitat and
distribution in Table 2).

. Myotis cf. bechsteinii

MATERIAL (Figure 5A; Table 1): 1 hu (d. e. + diap.).

DESCRIPTION: The distal humeral epiphysis presents a rather shallow antecubital
fossa. In external view, the trochlea and the condyle dip slightly to the epicondyle and there is
a shallow furrow between them. The distal ends of the trochlea and the condyle have a similar
height. The posterior epicondyle outline presents a concave—convex morphology with a
pointed but not sharp edge.

DISCUSSION: The specimen presents typical Myotis features — a reduced epitrochlea
and a styloid process. The morphology coincides with the fossil specimens of Myotis bechsteinii
reported by Sevilla (1990b); the epiphysis length (Table 1) agrees with data for that species
provided by Felten et al. (1973). However, a single humeral fragment does not allow
unequivocal identification in the case of M. bechsteinii, so we determined it as M. cf. bechsteinii.

. Myotis emarginatus (Geoffroy, 1806), Geoffroy’s bat (present habitat and
distribution in Table 2).
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MATERIAL (Figure 4B; Table 1): 1C; 1 m3; 2 m2.

DESCRIPTION: The C has an oval occlusal outline with two sides; apex and root are
aligned. The labial side presents a longitudinal furrow in the distal margin. The cingulum is
thicker in the anterolabial margin. The m2 has a closed trigonid and its cingulum is thick and
almost regular. The lingual cusplets are almost aligned, except for the hypoconulid, which is
slightly labial. The paraconid and metaconid cusplets are similar in height, while the entoconid
is slightly lower. The paralophid is concave and the entocristid is almost straight. The m3 has a
closed trigonid and a medium-thick cingulum, which is thinner in the mesial and distal
margins. The paralophid is concave and not angular. The talonid appears reduced due to the
labial displacement of the hypoconulid.

DISCUSSION: The main morphological features and the size (Table 1) of the
specimens described above coincide with the data reported by Sevilla (1990b) for Myotis
emarginatus. According to this author, the occlusal outline and the furrow in the C, and the
disposition of the talonid cusplets in the lower molars, are diagnostic elements for
distinguishing this taxon from other similarly sized species of Myotis, such as Myotis natterer.
The development of the entoconid in the m2 differs somewhat from that observed in the
material used for comparison, where this is the highest and strongest labial cusp. However,
this was not considered reason enough to assign the specimens to another taxon but was
regarded as intraspecific variability.

. Myotis daubentonii (Kuhl, 1817), Daubenton’s bat (present habitat and
distribution in Table 2).

MATERIAL (Figure 4]; Table 1): 1 M1; 1 md (fr) with m2; 1 m1.

DESCRIPTION: Myotis daubentonii is small in comparison with other members of the
genus Myotis. The M1 has a subtriangular occlusal outline. It presents a well-developed
parastyle forming an angle, and a slightly bent metastyle. The metacone is markedly stronger
than the paracone and somewhat higher. The base of the protocone presents a strong
cingulum in its distal margin. There is a well-developed metaconule and also a paraconule is
present. The mandible fragment shows a circular mental foramen located under the p2
alveolus. The lower molars present a thick and irregular cingulum. The trigonid is rather
closed in m1 and m2, being narrower in m2. The lingual cusplets are almost aligned except for
the hypoconulid, which is slightly labial. It is notable that the entoconid is the strongest lingual
cusp, as high as the metaconid. The paralophid has a shallow concavity.

DISCUSSION: The size (Table 1) and morphological features of the described
specimens agree with data for M. daubentonii from Sevilla (1990b). The presence of a
paraconule in the M1 allows distinguishing this taxon from Myotis mystacinus according to
Menu & Popelard (1987). Regarding the lower molars, the entoconid in lingual view is
remarkably strong in both teeth, which is a feature that only has been observed in extant M.
danbentonii from the reference collection but not in other small Myotzs, such as M. mystacinus.

. Mpyotis emarginatus/daubentonii

MATERIAL (Figure 5B; Table 1): 1 hu (d. e. + diap.).

DESCRIPTION: The distal humeral epiphysis presents a well-marked antecubital
fossa. In external view, the trochlea and the condyle dip slightly to the epitrochlea and there is
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a shallow but somewhat angular furrow between them. The distal end of the trochlea is higher
than the condyle. The epitrochlea has an angular contour.

DISCUSSION: The size (Table 1) as well as the morphology of the specimens agrees
with Myotis emarginatus, Myotis nattereri and Myotis daubentonii (Dupuis 19806; Feltenet al. 1973).
The length of the epitrochlea is shorter than in M. natterers, which is a character indicated by
Dupuis (19806) for distinguishing this taxon from M. emarginatus and M. daunbentonii. Another
diagnostic character is the size of the styloid process, but this part of the bone is broken in the
studied specimen.

4.2.2. Plecotus Geoffroy Saint-Hilaire, 1818
. Plecotus auritus (Linnaeus, 1758), Brown long-eared bat (present habitat
and distribution in Table 2).

. Plecotus austriacus (Fischer, 1829), Grey long-eared bat (present habitat
and distribution in Table 2).

. Plecotus gt. auritus/austriacus

MATERIAL (Figure 4C, G; Table 1): 1C; 1 M2; 1 m1; 1m1 (fr).

DESCRIPTION: The C has an almost circular occlusal out-line. The crown has two
sides (labial and lingual), both of which have a longitudinal furrow in the distal half, the
junction between the two sides forming a blunt edge. The cingulum is thick and almost
regular. The M2 has an elongated, rectangular occlusal outline, and the base of the protocone
has a circular outline and presents a thick cingulum, which continues along the distal and
mesial sides. The M2 has a well-developed parastyle forming an angle, and a smaller bent
metastyle. The metacone is markedly stronger and higher than the paracone. The lower molars
are of the myotodont type and have a thick and very irregular cingulum. The m1 trigonid is
open, and the lingual cusplets are almost aligned except for the hypoconulid, which is slightly
labial. The paraconid, metaconid and entoconid have a similar height and are somewhat short
and wide. The union between the paraconid and metaconid shows a deep depression.

DISCUSSION: The material has been assigned to the genus Plecotus on the basis of the
occlusal outline of the M2, the geometry and disposition of the trigonid and hypoconulid of
the lower molars, and the occlusal outline and furrow of C, which are diagnostic character of
the two Iberian species of the genus according to the fossil and present-day specimens
described by Sevilla (1988; 1990b). However, distinguishing between Plecotus anritus and Plecotus
austriacus is hard when the sample is composed of isolated teeth. According to Sevilla (1988), C
and P4 are diagnostic elements. The junction between the two sides of the upper canines
forming a blunted edge is characteristic of P. auritus, as this edge is sharper and the cusp is
longer in P. austriacus. The upper canine probably belongs to P. auritus, but as there are no clear
criteria applicable for distinguishing the remaining specimens, the whole sample has been
classified as P. gt. auritus/ anstriacus.
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4 W2 123 14 164 0179 m2 1 Wi 0.73
3 L 223 229 235 0.061 1 W2 0.78
m2 3 W1 134 136 14 0035 h
3 W2 1.37 1.46 1.55 0.090 M. emarg/dauben 3 1 L 2.76
2 L 196 217 (e.d)
m3 2 Wl 129 1.29 c 1 L 1.19
2 W2 084 0.89 1 W 1.1
P4 % \I)“V 10396 Plecotus gt. auritus/ M2 % \5L(/ ;?g
Rhinolophus i 1L 1.45 austriacus 1 L 1.7
hipposideros 1 W 1.6 ml 1 Wi 0.93
1 L 1.34 1 W2 1.14
M2ow 1.58 Hipsugo saviivel hu
P2 % \%‘V 00'989 Pzpistrefls gt. ku/nar (e.d.) 1 L 2.19
pg 3 L 155 175 195 0199 "
3 W 139 168 183 0254 e 3) 1 L 3.11
Myotis myotis M1 2 L 2.52 2.04 o
4 Y 2 W 265 2.77 Miniopterus c 1 L 1.13
c 2 L 1.05 1.18 schreibersii 1 W 0.94
2 W 14 1.4 1 L 1.58
P 3 L 139 141 143 002 m2 1 Wi 0.82
p 3 W 098 105 112 007 1 W2 0.86

Table 1. Measurements of bat specimens from Aguilon P7 site. The measures are expressed in millimeters; elem: element; n: number of measured elements; min:
minimum value; max: maximum value; M: mean; SD: standard deviation.

Tabla 1. Medidas de los especimenes de quirdpteros fosiles del yacimiento Aguilén P7. Las medidas estan expresadas en milimetros; elem: elemento; n: nimero
de elementos medidos; min: valotr minimo; max: valor maximo; M: media; SD: desviacion estandar.
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4.2.3. Hypsugo Kolenati, 1856 vel Pipistrellus Kaup, 1829
. Hypsugo savii (Bonaparte, 1837), Savi’s pipistrelle (present habitat and

distribution in Table 2).

. Pipistrellus kuhlii (Kuhl, 1817), Kuhl’s pipistrelle (present habitat and

distribution in Table 2).

. Pipistrellus nathusii (Keyserling. and Blasius, 1839), Nathusius’s

pipistrelle (present habitat and distribution in Table 2).

. Hypsugo saviivel Pipistrellus gr. kuhlii/nathusii

MATERIAL (Figure 5C; Table 1): 1 hu (d. e. + diap.).

DESCRIPTION: The distal humeral epiphysis has an internally projected delta-shaped
styloid process. The antecubital fossa is rather deep. In external view, the trochlea and the
condyle dip slightly to the epitrochlea and there is a shallow furrow between them; the
epicondyle is hidden by the condyle. The posterior epicondyle outline presents a concave—
convex morphology with a bulge at the edge. The distal margin of the trochlea goes slightly
beyond that of the condyle, and the distal margin of the condyle goes slightly beyond that of
the epicondyle.

DISCUSSION: Based on the general morphology and the size (Table 1) of the
specimen, it can belong to the taxa Hypsugo saviz, Pipistrellus kublii or Pipistrellus nathusii based on

Dupuis (1986) and Felten et al. (1973).
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Habitat

Geographic ran TR . Roostin,
Taxon eoi%j %’u rgpg 8¢ Distribution (Spain) (g:;)r;%g) prc(eé‘;:)r;rlll():es hab i(t)sois p agi n)
. . Ubiquitous;
Rhinolophus From England to the - All Spalg (with the 0-1600 mainly prefer Mainly caves.
£ s Mediterranean Baleares); scarcer in . -
errumequinum insul he i 1 ma.s.l transitional Small colonies.
peninsulas. the internal areas. woodland areas.
From the southern . . Woodland and
Rhinolophus Germany and Poland ]?al lleirr)élsl;l_ ggilcletr}i 0-2000 transitional Cg?ggise'sNgﬁgy
hipposideros to the Medit. T ma.sl.  woodland; water T y
peninsulas. the internal atreas. bodics. ibernation.
All Spain (with the Woodland, Caves. Massive
Western. central and Baleares); scarcer in 0-2060 transitional nursery colonies;
Myotis myotis southern Burope the central Ebro moasl woodland and smaller
pe. Valley and the South o woodland hibernating
ubmeseta. margins. colonies.
Across central and Mainly in the Mainly caves.
Myotis bechsteinii  southern Europe g bl e LS00 Woodland. Szl aursery
: a and the Central m a.s.l. colonies; solitary
(including islands). . . ;
Range; very scarce. hibernation.
From the South of Al Spain (with the Woodlands;
Myotis the Netherlands and ~ Baleares); very scarce,  0-1700 ei Ll-le t}}l Caves. Nursery
emarginatus Germany across especially in the most  m a.s.l. avolding the colonies.
: most closed
southern Europe. internal areas.
areas.
Almost all Eurpe; Across the north- ng; Zs’é[;faeli
Myotis scarcet at the western Peninsula, 0-1600  Always linked to P -
daubentonii southern matgins of sporadically in the m a.s.L. watet bodies. sg]it p ’
the Medit. peninsulas. Medit. margin. . ary
hibernation.
. Mountain ranges of Caves, tree-
. All the palaearctic 0-1600 Mature holes. Nursery
Plecotus auritus : the northern 1 ] lonies: soli
region. Peninsula ma.s.l woodlands. colonies; solitary
‘ hibernation.
. . Woodland,
Middle latitudes, from Al Spam.(wlth = transitional Caves, tree-
Plecotus Baleares); not very 0-2100 holes. Nutsery
: England to southern woodland and o
austriacus abundant but m a.s.l. colonies; solitary
Europe. o dry, seasonal : :
requent. eadows. hibernation.
All Spain (with the Mainly open Tree-holes and
. . . Across southern Baleares and the 0-1500 woodland; but crevices. Small
Pipistrellus kuhlii Europe. Canaries); except m a.s.L high to medium
north-western margin. synanthropy.  nursery colonies.
. . Tree-holes,
Pipistrellus LAl Bsoipe Ao tlly Waliisd o g g 4 crevices. Small
o Scandinavia to the northern Peninsula; Woodland. :
nathusii : : a.s.l. to medium
Medit. peninsulas. very scatce. .
nursery colonies.
Tree-holes,
- Across the Medit.  Almost all Spain (with ~ 0-3300 All type of crevices. Small
Hypsugo savit Europe. the Canaries); scarce.  m a.s.l. habitats. to medium
nursery colonies.
Open and 5
. Caves, crevices.
Miniopterus Across the southern All Spain (with the 0-1400 ﬁg@ﬁlaﬁgﬁgﬁ;’ Massive nursery
schreibersii Europe. Baleares). m a.s.L Y and hibernation
where caves or

crevices occut.

colonies.

Table 2. Synthetic notes on current distribution, habitat preferences and roosting habits for the bat
species considered in this work; m a.s.l.: meters above sea level. Data obtained from Palomo et al.

(2007).

Tabla 2. Notas sintéticas sobre la distribucion actual, las preferencias de habitat y los tipos de refugio
habituales para las especies de murcié¢lagos consideradas en este trabajo; m a.s.l.: metros sobre el nivel
del mar. Datos obtenidos de Palomo et al. (2007).
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4.3. Miniopteridae Dobson, 1875
4.3.1. Miniopterus Bonaparte, 1837
. Miniopterus schreibersii (Kuhl, 1817), Schreibers’ bat (present habitat and
distribution in Table 3).
MATERIAL (Figure 4D; 5D; Table 1): 1 hu. (d. e. +diap.); 1 C; 1 m2.
DESCRIPTION: This is a medium-sized bat in relation to other cave-dwelling bats.
The C has a nearly oval occlusal outline. The apex and the root are aligned. The cingulum is
continuous, slightly irregular and not very thick. The crown has four deep longitudinal
furrows, one of them in the distolabial margin, the others on the lingual side. The lower
molars are of the nyctalodont type and present a thin and regular cingulum. The m2 trigonid is
open and shows a small lingual cingulum. The lingual cusplets are almost aligned except for
the hypoconulid, which has a labial position. The metaconid is the highest lingual cusp; the
unions between the cusplets are deep depressions. The entocristid forms a marked angle with
the entoconid. The paralophid is concave. The distal humeral epiphysis presents a long,
flattened blade-shaped styloid process. The antecubital fossa is well-developed. In external
view, the condyle dips slightly to the trochlea. The furrows separating the condyle, trochlea
and epicondyle are rather deep, the furrow between the latter two being the deepest.

Habitat

Taxon NISP MNI % OD OH Wo Ro Wa
Rhinolophus ferrumequinum 17 5 33.3 08 0.2

Rhinolophus hipposideros 1 1 6.7 06 02 02
Myotis myotis 16 2 13.3 0.8 0.2
Myotis cf. bechsteinii 1 1 6.7 09 0.1

Myotis daubentonii 3 1 6.7 02 02 0.6
Myotis emarginatus 4 1 6.7 0.4 04 02

M. emarginatus/daubentonii 1 = = = = = = =
Plecotus gt. autitus/austriacus 4 2 13.3 0.2 0.7 0.1
Hﬂ’sgf 01221:111112; gﬁ;’.’e” us 1 67 02 02 05 01
M. schreibersii 3 1 6.7 02 02 04 02
TOTAL 51 15 100

Table 3. Quantitative presence indices for the taxa making up the total bat assemblage of Aguilon P7,
and distribution by habitat (according to Palomo et al. 2007). NISP: number of identified specimens;
MNI: minimum number of individuals; OD: open dry; OH: open humid; Wo: woodland/woodland
margins; Ro: rocky; Wa: water.

Tabla 3. Indices de presencia cuantitativos para los taxones que componen el conjunto de quirépteros
fosiles de Aguilén P7, y distribucion por habitats (de acuerdo con Palomo et al. 2007). NISP: niimero de
especimenes identificados; MNI: nimero minimo de individuos; OD: abierto y seco; OH: abierto y
humedo; Wo: bosque/margenes de bosque; Ro: roquedal; Wa: agua.

DISCUSSION: According to Sevilla (1988), the deep longitudinal furrows of the C
and the morphology and disposition of the m2 cusplets described above are diagnostic for the
species Miniopterus schreibersii, as is the distal humeral epiphysis, which presents a blade-shaped
styloid process and deep external furrows.
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5.  Results and discussion

All chiropteran fossil remains were recovered from the AGP-7 assemblage totalling 51
specimens. Every specimen has been described and assigned to a taxon. Nine taxa of the order
Chiroptera have been identified (Table 3).

5.1. Taphonomy. The origin of the accumulation

The post-cranial remains in the bat fossil assemblage of AGP-7 represent less than 8%
of the total, the dominant elements are isolated teeth while complete bones are scarce (Table
4). Teeth show different colours from white to dark brown (e.g., Figure 4C, I). Clear evidence
of digestion is only observed in one humerus affecting its olecranon fossa (Figure 5C).
Around 25% of the remains are partially affected by manganese oxide mineralization (e.g.,
Figure 4A, F; 5D), which is a common post-burial alteration incave-sediments (Bennasar-Serra
2010); only one isolated tooth is affected by carbonate concretion. Notably, 85% of dental
remains belonged to subadults showing no teeth-wear; only a few dental specimens of
Rhinolophus ferrumequinum (e.g., Figure 4H) and Myotis myotis belonged adult individuals. The
abundance of such typical cave-dwelling bats as R. ferrumequinum and M. myotis suggests that
both taxa were accumulated by in situ death within the cave. However, the scarce complete
bones, the differential loss of post-cranial remains and the dominance of isolated teeth
indicate some grade of transport. We propose a process of dragging-out of the remains from
an inner hall of the cave where the in situ accumulation actually took place. Both taxa show a
mixed age composition with subadults and old adults, which is the typical pattern of

hibernating colonies thanatocenosis (Lopez-Garcia & Sevilla 2012).

Element N %
max (fr) 3 5.9
M 4 7.8
C 6 11.8

P2 1 2
P4 3 5.9
md 2 3.9
md (fr) 2 3.9
C 3 5.9

p4 3 5.9
m 12 23.5
m (fr) 8 15.7
hu (d. e. + diap.) 4 7.8
TOTAL 51 100

Table 4. Quantitative data for the osteological composition of the total bat assemblage of Aguilén P7. n:
number of elements; %: percentage of the whole bat assemblage constituted by each element.

Tabla 4. Datos cuantitativos para la composicion osteolégica del conjunto total de quiropteros fosiles de
Aguilén P7; n: nimero de elementos; %: porcentaje que representa cada elemento sobre el total de la
muestra.

Some minority taxa in AGP-7 assemblage are also typical cave-dwelling species, such
as Rhbinolophus hipposideros, Myotis bechsteinii, Myotis emarginatus or Miniopterus schrezbersii. On the
other hand, some others rarely roost in Iberian caves: Myotis danbentonii, Plecotus gx.
aunritus/ austriacus, Hypsugo savii and Pipistrellus gr. kublii/ nathusii (Palomo et al. 2007), from which
at least one specimen shows marks of digestion. A relatively high diversity of the bat
assemblage together with a low proportion of bat fossils in the entire small vertebrate sample
(bat remains represent less of the 5% of the total recovered remains of small vertebrates) is
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the characteristic pattern of an owl-accumulated assemblage (Kowalski 1995; Lopez-Garcia &
Sevilla 2012). Our proposal for this group is that probably both processes (owl-predation and
death within the cave) contributed to the accumulation. The near-exclusive presence of
subadults could be explained as the typical pattern of nursery colonies thanatocenosis (Lopez-
Garcia & Sevilla 2012) or as a higher vulnerability to predation for young bats (Petrzelkova et
al. 2004; Rosina & Shokhrin 2011).

5.2. Palaeoenvironmental approach

The results of our habitat weighting analysis suggest a patched landscape where
woodland and transitional woodland areas would dominate, alternating with seasonal
meadows (Figure 6). The occurrence of the typical cave-bats Rhinolophus ferrumequinum,
Rhbinolophus hipposideros, Myotis myotis and Miniopterns schreibersii indicates the presence of exposed
rock areas with cavities and/or fissures where they would roost. The existence of some
surface water bodies is a limiting factor for the taxa Myotis daubentonii and Rbinolophus
hipposideros. Although all the species identified in the bat assemblage from AGP-7currently
inhabit the Iberian Peninsula, no similar community has been reported in the central Ebro
Valley. However, similar communities are known in other Iberian regions: the eastern
Cantabrian margin, the Sierra de Guadarrama (central Iberia) and the Sierra de Francia
(central-western Iberia) (Palomo et al. 2007); all these localities are under the influence of an
oceanic climate. However, the lack of studies of present-day bat communities in the area of
the central Ebro Valley must also be taken into account. Our proposal, based on the analysis
of the bat assemblage from AGP-7, is that the area surrounding the locality was characterized
by a mosaic of forest and meadows habitats with transitional areas, where the water supply
was great enough to support a rich vegetation cover and to maintain a generally wetter, more
oceanic-influenced climate than nowadays in the area. The other fossil mammals from AGP-7
consist of taxa with highly diverse habitat preferences, which is consistent with the patched
landscape obtained with bats. The dominant small mammal at AGP-7 is Iberomys cabrerae, an
endemic Iberian species adapted to a Mediterranean climate and evergreen meadows (Cuenca-
Bescos et al. 2010a; Lopez-Garcfa & Cuenca-Bescos 2012); other small mammals with a lower
presence show preferences for woodland (Apodemus sp.) or rocky, snow areas, such as
Chionomys nivalis. The large mammals are eurythermal species with preference for temperate
climate. The herbivorous mammals of the association, of which Cervus elaphus is the dominant
taxon, points to a landscape characterized by a mosaic of forest and open habitats with

transitional areas as the chiropteran association does.
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Figure 6. Habitat composition percentages inferred from the bat fossil assemblage of Aguilon P7
(excluding the material from sector F). OD: open dry; OH: open humid; Wo: woodland/woodland
margins; Ro: rocky; Wa: water. The most abundant taxa in the assemblage are A: Rhinolophus
ferrumequinum; B: Myotis myotis; C: Plecotus gt. auritus/ austriacus.

Figura 6. Composicion del paisaje por porcentajes representados por cada habitat, inferido a partir del
conjunto de quirépteros fésiles de Aguilon P7 (excluyendo el material del sector F). OD: abierto seco;
OH: abierto humedo; Wo: bosque/margenes de bosque; Ro: roquedal; Wa: agua. Los taxones mas
abundantes en la asociacion son A: Rhinolophus ferrumequinum;, B: Myotis myotis; C: Plecotus gr.
auritus/ austriacus.

5.3. Comparison with other Iberian Late Pleistocene bat assemblages

Several Late Pleistocene bat assemblages have been studied all along Spain (Table 5)
although this is the first report from the Ebro Valley region. The dominant taxon in AGP-7
site is R. ferrumequinum, which is a common species in Pleistocene Iberian sites; regarding the
two following taxa in terms of abundance, Myotis myotis is also a common species, but Plecotus
gt. auritus/ anstriacus is rather uncommon (Lopez-Garcia 2008; Sevilla 1988). Besides, other
common species in Quaternary sites, such as Rbinolophus gt. euryale/mebelyi and Minigpterns
schreibersii are respectively absent or pootly represented in AGP-7; both of them are markedly
thermophilic (Sevilla 1988). The assemblage includes a rare species in the Iberian Pleistocene:
Myotis danbentoniz, which has only been reported in one other Iberian locality: Quibas (Lower
Pleistocene, Murcia, Spain), a cool-period site (Agusti et al. 2009). Finally, a remarkable
characteristic of the AGP-7 site is its high bat diversity despite of the small amount of remains
recovered. Considering other Iberian sites aged MIS 3 (Table 5), only La Carihuela (Granada)
has a more diverse bat association than AGP-7, having been identified 14 taxa in there (Sevilla
1988) among which are all the taxa identified in AGP-7. Another relatively diverse site is El
Reguerillo (Madrid) where seven bat taxa have been identified although this assemblage rather
differs from the one in Aguilén in terms of taxonomic composition (Sevilla 1988; Table 5).
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Aguilén P7 X X X cf. X X X X X
= Cueva de Covalejos X
5 Lezetxiki x
Z Labeko Koba X
) Cueva Millan X
% El Reguerillo X X X X X X X
© Cueva de la Buena Pinta U2) x x X X X
Gabasa X X be X
Cova de I'Arbreda (G-H) X X X
2 Cova de 1'Arbreda (I) X X
9 Cova de Teixoneres (II-IIT) X X X X X
"g» Olopte B X X X X X
ZO Galls Carboners X X X X
Abric Romani (E-O) X X X X
Cova dels Xaragalls (C3-C8) X X X X X
M Cova Negra X X
o La Carihuela X X X X X X X X X X X X X X
3 Ibex Cave cf. X
&L Zafarraya X X X

Table 5. Iberian Late Pleistocene (MIS 3) bat assemblages. Data obtained from Burjachs et al. (2012), Lépez-Garcia (2008), Lopez-Garcia et al. (2012a, b, 2014a),
Sevilla (1988).

Tabla 5. Asociaciones fosiles del Pleistoceno Superior ibérico (MIS 3). Datos obtenidos de Burjachs et al. (2012), Lopez-Garcia (2008), Lopez-Garcia et al. (2012a, b,
2014a); Sevilla (1988).
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6. Conclusions

The following species were identified in a small set of bat remains obtained from AGP-7
(MNI = 15): Rhbinolophus ferrumequinum, Rhinolophus hipposideros, Myotis myotis, Myotis ct. bechsteinii,
Myotis emarginatus, Myotis danbentonii, Plecotus gr. anritus/ anstriacus, Hypsugo savii vel. Pipistrellus gt.
kublii/ nathusii and Minigpterns schreibersii. All the identified bat taxa from AGP-7 presently
inhabit the Iberian Peninsula, but the association is more typical of regions with an oceanic
climate and woodland environments than the extant conditions in the Aguilén surrounding
area. Our conclusion is that the area surrounding the AGP-7 locality presented a
heterogeneous vegetation structure composed of an alternation of forest and meadow zones,
where the water supply was great enough to support a rich vegetation cover and to maintain
generally wetter, rather more oceanic-influenced climate conditions than nowadays. Further
studies on Late Pleistocene sites in the region of the Ebro Valley will be of interest in order to
obtain a complete overview of the state of chiropters in this area and period; for the moment
only one Iberian site with this age, La Carihuela, is comparable with AGP-7 in terms of

diversity and taxonomic composition.
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Los Batanes (Biescas,
Espana), un refugio para los
murciélagos de herradura en
los Pirineos durante el
Pleistoceno final

Los Batanes (Biescas, Spain), a roost site for horseshoe bats in the
Pyrenees during the late Pleistocene

Los Batanes C4 es un yacimiento de cueva en los Pirineos espafioles. La edad minima del sedimento se
determiné en 15234 223 BP mediante datacién por radiocarbono. La cueva se abre en el margen norte de
un afluente oriental del rfo Gallego, a una altitud de 1025 m. Los pequefios vertebrados registrados son
principalmente murciélagos, en orden de abundancia Rbinolophus enryale, Rhinolophus ferrumequinum, Myotis sp. y
Miniopterns  schreibersii. La asociacién sugiere que en el momento de la acumulacién el clima era
aproximadamente similar al clima actual, por lo que se ubicaria dentro de un periodo de retroceso local de la
capa de hielo en el Valle de Gallego durante el Maximo Tardiglaciar. Se trata del registro fosil de estas
especies de Rbinolophus a mayor altitud en el Cuaternario ibérico, y demuestra que el rango altitudinal de R.
euryale fue similar al actual durante los periodos favorables del Maximo Tardiglaciar. Esto podria indicar la
gran rapidez de este taxén en extenderse hacia regiones mds altas en el momento en el que las condiciones
climaticas lo permitfan.

Los Batanes C4 is a cave-site in the Spanish Pyrenees, the minimum sediment calendar age was determined to
be 15234 *+ 223 BP by radiocarbon dating. The cave opens on the northern bank of an eastern tributary of
the River Gallego, at an altitude of 1025 m. The small vertebrates recorded are mainly bats, in order of
abundance Rhbinolophus euryale, R. ferrumequinum, Myotis sp. and Minigpterus schreibersii. The association suggests
that at the time of the accumulation the climate was reasonably similar to the current climate; we situate it
within a period of local retreat of the ice-cover in the Gallego Valley during the Lateglacial. This is the highest
record of these species of Rhinolophus in the Iberian Quaternary, showing that the R. exryale altitudinal range
was similar to its extant range during the favourable periods of the Lateglacial. This could indicate that this
taxon was relatively quick in spreading into higher regions whenever climate conditions allowed it.
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1. Introduction

Los Batanes Cave C4 (Biescas, northern Spain, Figure 1a) is a small karstic cavity
(Figure 1b) located in the Tendefiera Range, on the southern side of the Pyrenees, at an
altitude slightly above 1,000 m a.s.l. (metres above sea level). This is one of the Pyrenean cave-
localities with late Pleistocene sedimentary fill that have been prospected by the Aragosaurus
Group — a research group on Mesozoic and Quaternary vertebrate palacontology from the
University of Zaragoza (UNIZAR) — in recent years. The field-work at this locality forms part
of an overall prospection plan whose main goal is to expand what is known of the Pleistocene
faunas on the Spanish side of the Pyrenees, which is still very scarce when compared to the
French side (Clot & Evin 1986; Nufiez-Lahuerta et al. 2018; Sauqué et al. 2015, 2017; among
others). The research is patt of the project 'Recovery of palacontological remains, cataloguing
and dating of the Pleistocene-Holocene deposits of Huesca Pyrenees caves', which is headed
by Dr. Raquel Rabal-Garcés and Dr. Victor Sauqué-Latas (Sauqué et al. 2015) and focuses
mainly on completing the Quaternary karst-filling record.

A palacontological excavation was performed at Los Batanes after the discovery of
several large-mammal fossil remains belonging to the extinct Pyrenean wild goat Capra
Pyrenaica pyrenaica (commonly named “bucardo”) within the cave (Sauqué et al. 2017). A mixed
team with participants from the Aragosaurus Group together with the Speleological Centre of
Aragéon (CEA) and the Pyrenean Institute of Ecology (IPE) took part in a field campaign at
the site in August 2015 (Sauqué et al. 2015). When the sediment extracted had been adequately
processed (washed and sieved), a notable assemblage of small-vertebrate remains was found,
with a predominance of bats. Subsequently, the chiropteran assemblage from Los Batanes was
studied in order to identify the species recorded and to provide new data on the late
Pleistocene bat distribution in the region of the Spanish Pyrenees.

1.1. Horseshoe bats in the Aragonese Pyrenees and nearby areas.
Background

Horseshoe bats belong to the family Rhinolophidae, formed by a single genus, Rhinolophus, of
which four species currently inhabit the Iberian Peninsula: Rhbinolophus ferrumequinum,
Rhinolophus euryale, Rhinolophus mebelyi and Rhinolophus hipposideros. These are small- to medium-
sized bats that feed mainly on insects, and the group is characterized by a complex horseshoe-
shaped nasal appendage which gives them their common name. This external structure
constitutes an adaptation to a very derived system of echolocation, which consists of the
emission of calls through the nose; these calls are directed and focused by the multiple skin
folds forming the nasal appendage (Dietz et al. 2009; Palomo et al. 2007; among others).
Despite the great variety of habitats and roosts available for bats in Aragonese tertitory, largely
consisting of Mesozoic and Tertiary limestone terrains, the studies of bats in this area are not
very abundant when compared to other regions in Spain (work on extant populations from
the last two decades: Alcalde et al. 2008; Bafaluy-Zoriguel 1997, 1999, 2000; Garin et al. 2003;
Woutersen & Bafaluy-Zoriguel 2001; among others). Three Rhinolophus species are currently
present in the Aragonese Pyrenees, with a discontinuous pattern of distribution: the greater
horseshoe bat R. ferrumequinum, the Mediterranean horseshoe bat R. exryale and the lesser
horseshoe bat R. hipposideros (Alcalde et al. 2008). The studied record of fossil and subfossil
horseshoe bats in the Iberian Pyrenees, the pre-Pyrenees and nearby areas is not very
abundant either. In the upper Pleistocene and prior to the LGM (Last Glacial Maximum), all
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three species are cited at Gabasa 1 Cave (Huesca, Mousterian period) (Blasco-Sancho 1995),
and R. ferrumequinum at Olopte Cave (Girona, Mousterian period) (Lépez-Garcia 2011). From
the post-LGM record, R. euryale-mebelyi and R. ferrumeguinum are cited at Colomera Cave
(Lleida, Holocene, 6-6.2 ka) (Oms et al. 2008); R. ferrumequinum also appears at Marizulo
(Guipuzkoa, Holocene, 5.2 ka) (Altuna 1972), and Rhinolophus sp. is recorded at Laminak II
(Biscay, Holocene, 10.3 ka) (Peman 1994).
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2 6 10m -31'm 2015 CEA

Figure 1. Los Batanes site; a: geographical location of the cave; b: topography of Los Batanes Cave
(elevation view), with the location of the fossil bone remains (topographical map provided by the CEA
member M. Gisbert).

Figura 1. Yacimiento de los Batanes; a: localizacion geografica de la cueva; b: topografia de la Cueva de
los Batanes (petfil), con la localizacion de los restos fosiles (mapa topografico proporcionado por el
CEA, realizado por M. Gisbert).

1.2. Objectives
The present work has the following objectives. The first aim is to characterize the fossil bat
assemblage in terms of its taxonomic composition and diversity, the relative abundance of
bats in comparison with other groups of small vertebrates in the cave, and the origin of the
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accumulation. The second aim is to ascertain the palacoenvironmental framework at the time
of the accumulation on the basis of the ecological data for the species of bats that form the
assemblage. The final objective is to provide new data on the ancient distribution of the bat
species identified, which in this case will also contribute to filling the gap in our knowledge
about this group of mammals in the palacontological sites of the Iberian Pyrenees and pre-
Pyrenees.

2. Karstic fissure-fill and cave sediments from los Batanes:

geographical and geological location and chronological correlation

Los Batanes cave (X: 720.080; Y: 4726.585) is a karstic cavity that developed in late
Cretaceous (Maastrichtian) limestones (Gil-Pefa et al. 1996; Rios-Aragties et al. 1987) (Figure
2). It is located on the eastern side of the upper Gallego Valley, which drains a large part of
the central-southern Pyrenees and has a complex drainage area composed of various main and
secondary valleys (Palacios et al. 2015). The entrance to the cave opens at an altitude of 1,025
m a.s.l, on the northern bank of an eastern tributary to the River Gallego. It is a small-sized
cave basically consisting of a descending, narrow pressure tube of about 1-2 m width, which
appears not to be being used as a bat roost at present (personal observation).

The excavation took place at the bottom of the tube, where it becomes slightly
broader and where there is a body of sediment of still unknown depth, sealed under a calcite
crust (Figure 1b). The sedimentary deposits mainly consist of a clay matrix of mixed origin
(both autochthonous decalcification clays and allochthonous mud from outside),
autochthonous carbonate clasts from the walls of the cave, and allochthonous clasts that
probably came from the erosion of a nearby moraine, such as the granite clasts that ultimately
originated in the Panticosa batholith (Figure 2). The fossil remains were recovered from the
first 0.5 m of the sedimentary pack, beneath the calcite crust. A bone belonging to Capra
Pyrenaica pyrenaica embedded in this crust was radiocarbon-dated, giving an age of 13507-13061
cal BC with the probability of 95.4% (2s) (15234 £ 223 BP). Analysis were made at Poznan
Radiocarbon Laboratory (lab. ref. Poz-75800) and calibrated with the OxCal v4.2.4 program
(Bronk Ramsey & Lee 2013).

The radiocarbon date allowed us to place the accumulation of our fossil assemblage
chronologically at the end of the upper Pleistocene, in the cold Marine Isotopic Stage (MIS) 2.
It was probably produced in a period of transition between the LGM (Last Glacial Maximum)
and the beginning of the Holocene (Hughes et al. 2013). At that time the climate underwent a
warming trend that was nonetheless interrupted by various cold, generally dry pulses (which in
western Mediterranean areas basically correspond to the Older Dryas, the intra-Allered Cold
Period and the Younger Dryas; Fletcher et al. 2010; Palacios et al. 2015). These climatic and
environmental changes in the final part of the upper Pleistocene had consequences for faunal
associations: in many localities, the late Pleistocene-Holocene transition is marked by the
substitution of some taxa by others and by an increase in woodland habitats to the detriment
of open landscapes (referring to palynological studies: ¢g Carrién et al. 2010; Dorado et al.
2002; Fernandez et al. 2007; Gil Garcia et al. 2002; referring to small-vertebrate associations:
e.g. Cuenca-Bescos et al. 2009; Cuenca-Bescos et al. 2010a; Lopez-Garcia et al. 2015). As
regards the palacoclimatic framework in the Spanish Pyrenees, specifically in the Gallego
Valley, all the evidence points to a maximum ice extent largely predating the global LGM
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(Garcfa-Ruiz et al. 2003). According to Palacios et al. (2015), at least two episodes of glacial re-
advance can be detected in the Gallego Valley during the Lateglacial period (Guiter et al.
2003): before approximately 17 ka, and again at approximately 14-11.7 ka. Palacios et al.
(2015) hypothesize that these can be related to the Oldest Dryas, and the Older or Younger
Dryas respectively (Figure 2).

0° 20’ 0°15’ 0°10’
| | |

42° 50’

42° 45

42° 40’

42°35'L

N e s [ [
: moraines from the
[t Jmoraines from MIE 2 readvance (Oldest Dryas?)
Gallego glacier extend maximum glaciers extent
during M?E 3 IIIduring this readvance
Figure 2. Geological map of the Gallego Valley; 1: granites; 2: Devonian; 3: Cretaceous; 4: Palaeogene; 5:

Quaternary; MIE: local Maximum Ice Extent (predating global LGM); star: Los Batanes Cave.
Modified from Rios-Aragiies et al. (1987); Gil-Pefia et al. (1996); Palacios et al. (2015).

Figura 2. Mapa geoldgico del valle del Gallego; 1: granitos; 2: Devénico; 3: Cretacico; 4: Paleogeno; 5:
Cuaternario; MIE: maxima extension glacial local (previo al LGM global); estrella: Cueva de los
Batanes. Modificado de Rios-Aragiies et al. (1987); Gil-Pefa et al. (1996); Palacios et al. (2015).
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3. Material and methods

3.1. Fieldwork and fossil sorting
The excavation area was located deep in the cave, at a distance of 40 m length and -12 m

height from the cave entrance (Figure 1b). Access and digging at such a distance from the
cave's opening required speleological expertise. The extracted sediment was processed at the
laboratories of the IPE and UNIZAR. The clay matrix was removed by washing the sediment
through two superimposed sieves of 5 and 0.5 mm mesh-size respectively. Then, the bones of
the small vertebrates were picked out from the remaining sediment (consisting of clasts larger
than 0.5 mm) at the laboratory.

The fossil material studied here mainly consists of disarticulated bones from bats, both
cranial and postcranial. The recovered material is deposited at the Natural Science Museum of
Zaragoza (Canudo 2018).

3.2. ldentification and description of the bat remains

The bat remains were described and measured and determined to species level
whenever possible. The teeth were measured by taking photos of the specimens in occlusal
view using an Olympus SZ61 binocular stereo microscope with an attached camera (LLC20
model); for larger bones a caliper (Mitutoyo CD-8” CX Digimatic Caliper, Japan) with a
theoretical precision of 0.01 mm was employed. We followed the taxonomic criteria
established by Dupuis (19806), Felten et al. (1973), Jenrich et al. (2012), Menu & Popelard
(1987), Radulet (2003) and Sevilla (1988) among others. We undertook comparative anatomy
with extant specimens of horseshoe bats from Southwestern European populations belonging
to the following institutions: the International Centre for Water and Environment (CIAMA) at
La Alfranca (Zaragoza), the National Museum of Natural Sciences of Madrid (MNCN), the
Archaeosciences Laboratory of Lisbon (LARC), the National Museum of Natural History of
Paris (MNHN), the Dofana Biological Station (EBD) and the Smithsonian Institution,
National Museum of Natural History, Division of Mammals. In characterizing the fossil
assemblage, we followed the taphonomic criteria established by Andrews (1990), Bennasar
(2010), Fernandez-Jalvo (2016), Kowalski (1995) and Lopez-Garcfa & Sevilla (2012), among
others. The classification according to age groups based on tooth wear follows the same
criteria as Popov &Ivanova (2002).

3.3. Abbreviations

Naming the teeth: i (incisor), ¢ (canine), p (premolar), m (molar); teeth from the upper
series are named in capital letters while teeth from the lower series are named in lowercase
letters (i.e. M1 is the first upper molar; p3 is the third lower premolar). Measuring the teeth: L
(anteroposterior length), W (lateromesial width), L1 (greater length of upper molars, distance
from the parastyle to the metastyle), L2 (medium length of upper molars, measuring the
constriction of the protoconal basin), w1l (width of lower molars trigonid, distance from the
metaconid to the protoconid) and w2 (width of lower molars talonid, distance from the
entoconid to the hypoconid). Naming and describing the cranial and postcranial skeleton: Cr
(cranial), PCr (postcranial), mx (maxilla), md (mandible), bu (tympanic bulla), at (atlas), vert
(vertebra), sca (scapula), clav (clavicle), p ring (pectoral ring), hu (humerus), ra (radius), metac
(metacarpus), pelv (pelvic bone), fe (femur), ti (tibia), R (right), L (left), fr (fragment), b (body),
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mr (mandibular ramus), pep (proximal epiphysis), dep (distal epiphysis), diap (diaphysis).
Other abbreviations: NR (number of remains, all the recovered bone and dental fragments),
NISP (number of identified specimens, all the remains assigned to a certain skeletal element),
MNI (minimum number of individuals), Ri (relative abundance of the elements in the sample),
Ni (minimum number of elements in the sample), Ei (number of elements in an individual).

Taxon NISP MNI
Rhinolophus euryale 99 12
Rhinolophus ferrumequinum 13 2
Rhinolophus sp. 28 -
cf. Miniopterus schreibersii 1
Myotis sp. 2 2
Chiroptera indet. 21 -
TOTAL 164 17

Table 1. Presence in terms of NISP (number of identified specimens) and MNI (minimum number of
individuals) of each identified bat taxon.

Tabla 1. Presencia en términos de NISP (nimero de especimenes identificados) y MNI (nimero
minimo de individuos de cada taxén identificado.

4. Results

The fossil bat assemblage consists of 164 fossil specimens that have been assigned to a
certain skeletal element of order Chiroptera: i.e. NISP=164 (Table 1). It is mainly made up of
bones from two species of horseshoe bats: the Mediterranean horseshoe bat R. euryale,
MNI=12, and the greater horseshoe bat R. ferrumequinum, MNI=2 (Table 1). Four more
specimens have been assigned to the Vespertilionidae family (Table 1).

4.1. Systematic palaeontology
4.1.1. Rhinolophidae Gray, 1825

4.1.1.1. Rhinolophus Lacépéde, 1799
The assignation of most of the specimens from Los Batanes to the genus Rhbinolophus is

unequivocal. Regarding the cranial skeleton, as the premaxilla is only attached to the maxilla
via a restricted caudal joint, this bone is detached in fossil specimens (Figure 3a) and usually
absent, so the most anterior alveolus shown by the upper jaw is the canine one. P4 and M1
have well-developed heels, as has M2 to a lesser extent (Figure 3a), and C is robust,
trapezoidal and presents a concave lingual side of the crown (Figure 3b) (Sevilla 1988). The
mandibular ramus is rectangular in external view with an almost horizontal mandibular notch
(Figure 3c); the lower molars are nyctalodont (Menu & Sige, 1971) and present a narrow,
regular cingulum (Figure 3c), which is also characteristic of this genus. The dental formula of
Rhbinolophus is 1.1.2.3/2.1.3.3 (Sevilla 1988; Palomo et al. 2007). The tympanic bulla has a
characteristic conical spiral shape.
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Figure 3. Rhinolophus eutyale fossil specimens from Los Batanes Cave; a: mx with P4-M3 (L) 2017/1144 in
occlusal (top) and labial (bottom) view; b: C (L) 2017/1145 in labial (top left), lingual (top right) and occlusal
(bottom) view, ¢: md with p4-m3 (L) 2017/1146 in occlusal (left) and labial (right) view; d: p ting 2017/1147 in
anterior (top) and postetior (bottom) view; e: hu (L) 2017/1149 in external (top) and internal (bottom) view; f:
sca (L) 2017/1148 in external (top), dorsal (second top), internal (second bottom) and ventral (bottom) view; g:
fe (R) 2017/1150 in postetior (top) and anterior (bottom) view; see anatomic abbreviations in paragraph 3.3.
Abbreviations.

Figura 3. Especimenes fosiles de Rhinolophus euryale de 1a Cueva de los Batanes; a: mx con P4-M3 (Izquierdo)
2017 /1144 en vista oclusal (atriba) y labial (abajo); b: C (I) 2017/1145 en vista labial (artiba a la izquierda), lingual
(atriba a la detecha) y oclusal (abajo), c: md con p4-m3 (I) 2017 /1146 en vista oclusal (a la izquierda) y labial (a
la derecha); d: p ting 2017/1147 en vista anterior (artiba) y postetior (abajo); e: hu (I) 2017/1149 en vista externa
(atriba) e interna (abajo); £: sca (I) 2017 /1148 en vista externa (artiba), dorsal (segunda atriba), interna (segunda
abajo) y ventral (abajo); g: fe (Derecho) 2017/1150 en vista postetior (arriba) y anterior (abajo); ver abreviaturas
anatémicas en apartado 3.3. Abbreviations.

133



As regards the postcranial skeleton, a distinctive structure of horseshoe bats is the
pectoral ring (Figure 3d) consisting of various fused bones: the sternal body, the first pair of
ribs, and the first pectoral vertebra (Fomin & Lovachev 2000). The scapula is leaf-shaped with
a pointed inferior angle (Figure 3f). The proximal epiphysis of the humerus is diagnostic in
having a trochin almost as big as the trochiter with a humeral head that is small and round
(Dupuis 1986) (Figure 3e); the distal epiphysis is diagnostic in having a pen-shaped styloid
process, a broad epitrochlea (Dupuis 1986; Felten et al. 1973), and dorsally projected condyles
(Figure 4b). The radius is strong, and by contrast with most vespertilionid bats (except
Minigpterns) the ulna insertion is in the middle zone of the diaphysis instead of close to the
proximal epiphysis. The proximal epiphysis of the radius of horseshoe bats differs from that
of Minigpterns in having an open flexor fossa and a rounded proximal tip (Dodelin 2002). The
pelvis presents a characteristic oval, anteroposteriotly elongated small obturator foramen and a
wide ischiopubic ramus. The femur has a flattened head and a pronounced, curved medial
ridge, well differentiated from the lesser trochanter; the distal condyles are tiny, and a broad
groove separates them from one another (Figure 3g).

. Rhinolophus euryale Blasius, 1853, Mediterranean horseshoe bat (Table
1, 2; Figure 3).

The remains belong to a medium-sized form of horseshoe bat, of which two species
inhabit the Iberian Peninsula: Rhznolophus mebelyi and Rhbinolophus euryale, the former slightly
larger than the latter (Diezt et al. 2009; Palomo et al. 2007). We compared the molar
measurements of our assemblage (Table 3) with those of extant horseshoe bats from
Southwestern European populations (Figure 5), which allowed us to assign the cranial remains
to the species R. exryale (Figure 3a, b, c). The distal epiphyses of the humeri present a straight
styloid process with convex edges by contrast with that of R. mebelyi, which is quadrangular;
both morphology and size of the distal epiphysis (Figure 3e, Table 3) supports the assignation
to R. euryale (Dupuis 19806; Felten et al. 1973).

R. enryale currently inhabits the Mediterranean region of Europe, as well as some parts
of northern Africa and the near East (Dietz et al. 2009). Given its preference for roosting in
caves, this species is linked to karstic areas; for nursery colonies it generally chooses roosts at
an altitude of less than 800 m a.s.l. and therefore with a milder, more favourable climate (Dietz
et al. 2009). It has been recorded in present-day Spain at a maximum altitude of 1,360 m a.s.l.
(Palomo et al. 2007), but in the Pyrenees the altitudinal range for nursery roosts of this species
is 509-792 m a.s.]. (Alcalde et al. 2008). Although the species has been associated with forests,
recent studies have indicated that the significant factor in the choice of foraging areas by these
bats is the existence of edge habitats (Goiti et al. 2003; Goiti et al. 2008).

. Rhinolophus ferrumequinum (Schreber, 1774), Greater horseshoe bat
(Table 1, 2; Figure 4a, b).

This taxon is only rarely represented in the association. The large size of the remains
(Table 3) allows them to be assigned unequivocally to this species, as it is the largest extant
horseshoe bat in Europe (Dietz et al. 2009; Palomo et al. 2007; Sevilla 1988); the molar
measurements confirm the assignation of the cranial remains to R. ferrumequinum (Figure 4a
and 5). This taxon presents the dental formula of the genus, although p3 is very tiny and
appears labially displaced outside the tooth row (Sevilla 1988; Topal 1979) (Figure 4a).
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Figure 4. Rhinolophus ferrumequinum fossil specimens from Los Batanes Cave; a: md with m2 (R)
2017/1151 in occlusal (left) and labial (right) view; b: dep hu (L) 2017/ 1152 in external (left) and internal
(right) view. cf. Miniopterus schreibersii fossil specimen from Los Batanes Cave; c: sca (L) 2017/1153 in
ventral (left), internal (second left), in dorsal (second right), and in external (right) view. Myotis sp.
fossil specimens from Los Batanes Cave; d: dep hu (R) 2017/1154 in extetnal (left) and internal (right)
view.

Figura 4. Especimenes fosiles de Rhinolophus ferrumequinum de la Cueva de los Batanes; a: md con
m2 (Derecha) 2017/1151 en vista oclusal (a la izquierda) y labial (a la derecha); b: dep hu (Izquierdo)
2017/ 1152 en vista external (a la izquierda) e interna (a la derecha). Especimenes fosiles de cf.
Miniopterus schreibersii de la cueva de los Batanes; c: sca (I) 2017 /1153 en vista ventral (a la izquierda),
interna (segundo izquierda), dorsal (segundo derecha), y externa (a la derecha). Especimenes fosiles de
Myotis sp. fossil de la cueva de los Batanes Cave; d: dep hu (D) 2017/1154 en vista externa (a la
izquierda) e interna (a la derecha).
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R. ferrumequinum has a broader distribution throughout Europe and Asia than R. exryale,
although the epicentre of its distribution is also the Mediterranean basin; in central Europe it
only occupies environments with a mild climate (Dietz et al. 2009). The greater horseshoe bat
generally inhabits temperate plains and Mediterranean mountains (Dietz et al. 2009); its
altitudinal range in Aragon has been recorded as 149-1,597 m a.s.l. (Alcalde et al. 2008). It
chooses its roosts in places with a presence of mixed habitats for foraging: deciduous forest
alternating with meadows and shrubberies (Dietz et al. 2009). In the south of Europe, it is
generally associated with medium-sized horseshoe bats, together with M. schreibersii, M.
emarginatus and M. capaccinii (Dietz et al. 2009).

Taxa Elem Lat n Taxa Elem Lat n
R 7 R 4
bu dep ra
L 2 L 2
R 1 pep ra L 6
mx
IL 1 diap ra - 3
. T Rhinolophus g -
Lo cutyale pepti L 1
R 1 fe R 5
M1
L 2 R 3
pep fe
P4 L 1 L 2
R 3 dep fe R 1
md
Rhinolophus L % md R 1
gl R 1 ml1 R 1
md b
L 2 hu R 1
R 2 R 1
md fr dep hu
Lo Rhinolophus L2
R 1 ferrumequinum pep hu I 1
c
L 2 R 2
pep ta
p4 R 1 L 1
at - 1 diap ra 2
p ring = 3 t L 1
R 2 fr pelv 1
sca Rhinolophus sp.
L 3 fr pep ra L 1
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R 3 ep metc R 0
hu IPEp 0 p
L 4 IL, 1
pep hu L 2 Depimcten R 4
dphu L 5 v L 5
dep + di
SPUERS g R 7
hu pep metcp
\Y%
diap hu - 1 L 3
L 1 M. schreibersii sca L 1
ra
R 1 Myotis sp. hu R 2
. R 3 fr clav 9
+
pep + diap Chiroptera indet.
r L 5 vert 12

Table 2. List of the recovered material for each bat taxon; Elem: element; Lat (laterality); n: number of
assigned specimens; anatomical abbreviations in paragraph 3.3. Abbreviations.

Tabla 2. Lista de material recuperado de cada taxén de quiréptero; Elem: elemento; Lat (lateralidad); n:
nimero de especimenes; abreviaturas anatémicas en apartado 3.3. Abbreviations.
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Figure 5. Dot plots comparing the anteroposterior lengths (L) of upper and lower molars of the
Rhinolophus specimens from Los Batanes Cave and the extant specimens in the collections (see
paragraph 3.2. Identification and description of the bat remains). The circles and squares represent the
mean value for each group, the lines represent the standard deviation, in mm. Anatomical abbreviations
in paragraph 3.3. Abbreviations.

Figura 5. Graficos de puntos de comparacion de las longitudes anteroposteriores (L) de los molares
superiores e inferiores de los especimenes de Rhinolophus de la Cueva de Los Batanes y especimenes
actuales en las colecciones de referencia (véase parrafo 3.2. Identification and description of the bat
remains). Los circulos y cuadrados representan el valor medio para cada grupo, las lineas representan la
desviacion estandar, en mm. Abreviaturas anatémicas en parrafo 3.3. Abbreviations.
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. Rhinolophus sp. (Table 1, 2).

Some recovered material is too fragmented or deteriorated to be assigned
unequivocally to either of the two horseshoe bats identified in the association, or it comprises
bones which could not be compared to previous descriptions in the literature or to extant
specimens for comparative anatomy.

4.1.2. Vespertilionidae Gray, 1821
4.1.2.1. Myotis Kaup, 1829

. Mpyotis sp. (Table 1, 2; Figure 4d).

The size of the distal epiphyses of both humeri (Table 3) matches with the smallest

forms of Vespertilionidae. The morphology of the proximal edge between the trochlea and
the condyle (Figure 4d) is straight or slightly concave as in Myotis spp. by contrast with Plecotus
spp., which presents a convex edge (Dupuis 1986; Felten et al. 1973). Possible taxa to which
the remains might be assigned are M. nattereri, M. capaccinii, M. emarginatus, M. daubentonii
(although data in the previous literature indicate slightly larger distal epiphyses for this
species), M. mystacinus (data in the literature indicate slightly smaller distal epiphyses) (Dupuis
19806; Felten et al. 1973) and M. alcathoe (Dietz et al. 2009).
The above-mentioned species of small-sized Myozis present a notable variety of extant
distribution and habitat preferences. Although most of them inhabit all of Europe, the species
M. capaccinii and M. emarginatus are mainly restricted to the Mediterranean area of influence
(Dietz et al. 2009), the former being a markedly thermophilic taxon (Palomo et al. 2007). As
regards their foraging areas, they mostly prefer more or less closed forests (M. daubentonii, M.
mystacinus, M. alcathoe, M. emarginatus), although some also employ open landscapes (M. nattereri)
or are conditioned by other factors such as the presence of water bodies (M. danbentonii, M.
capaccinii) (Dietz et al. 2009; Palomo et al. 2007).

4.1.4. Miniopteridae Dobson, 1875

4.1.4.1. Miniopterus Bonaparte, 1837
. Miniopterus schreibersii Kuhl, 1817, Schreibers' bent-winged bat (Table

1, 2; Figure 4e).

The size of the scapula corresponds to a medium-sized bat. The general morphology is
different from that of horseshoe bats, having a long straight lateral border which forms an
angle of approximately 60° with the spine. The coracoid process projects medially (unlike in
Myotis and Plecotns); the external edge of the supraspinal fossa at the junction of the spine and
the superior scapular border is rounded (instead of angulated as in other vespertilionoids); and
the superior border shows a wide, triangular lamella projecting ventrally. For all these reasons
we assign the remnant to Minigpterus; there is no other species of this genus currently living in
Iberia.

Miniopterns schreibersii today inhabits the Mediterranean region of Europe, as well as
some parts of northern Africa and the near East (Dietz et al. 2009). Its habitat preferences
include all the Mediterranean landscapes, and it shows a strong preference for roosting in
caves (Dietz et al. 2009; Palomo et al. 2007). Its altitudinal range is quite wide in Spain at
present; it has been recorded at heights as great as 1,599 m a.s.l. (Alcalde et al. 2008).
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Taxon Elem Meas n min max M SE SD

W 3 1.13 1.19 1.16 0.02 0.03
P4
L 3 1.20 1.67 1.37 0.15 0.27
W 2 1.02 1.08 1.05 0.03 0.04
C
L 2 1.44 1.49 1.46 0.02 0.03
W 1 1.83
M1 L1 1 1.63
12 1 1.17
W 4 1.64 1.75 1.71 0.02 0.05
M2 L1 4 1.45 1.48 1.46 0.01 0.01
12 4 1.01 1.12 1.06 0.02 0.05
A% 2 0.17 1.50 0.84 0.67 0.94
Rhinolophus M3 L1 2 1.11 1.15 1.13 0.02 0.03
euryale
12 2 0.74 0.81 0.78 0.04 0.05
wl 8 0.77 1.06 0.92 0.03 0.09
ml w2 8 0.85 1.08 0.95 0.02 0.07
1 8 1.50 1.68 1.64 0.02 0.06
wl 9 0.84 1.12 0.98 0.03 0.09
m2 w2 9 0.90 1.11 1.00 0.02 0.07
1 9 1.53 1.59 1.55 0.01 0.02
wl 6 0.82 1.01 0.93 0.03 0.08
m3 w2 6 0.67 0.83 0.76 0.03 0.06
1 6 1.24 1.44 1.37 0.03 0.07
dep
hu W 10 4.35 4.61 4.44 0.03 0.09
wl 1 1.47
ml w2 1 1.56
Rhi;
molop{ws 1 1 20
ferrumequinum
wl 1 1.49
m2
w2 1 1.62
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1 1 2.02

d
hu \;’ 3 494 5.11 5.04 0.05 0.09
d
Myotis sp. hu \;f’ 2 236 2.44

Table 3. Biometric characterization of the teeth and humeri from Los Batanes Cave fossil bat assemblage;
Elem: element; Meas: measurement; n: number of measured specimens; min: minimum value of the sample
(mm); max: maximum value of the sample (mm); M: mean value (mm); SE: standard etror (mm); SD: standard
deviation (mm). Anatomical abbreviations in paragraph 3.3. Abbreviations.

Tabla 3. Caracterizacion biométrica de los dientes y humeros de los quirdpteros fosiles de la Cueva de Los
Batanes; Elem: elemento; Meas: medida; n: nimero de especimenes medidos; min: valor minimum de la
muestra (mm); max: valor maximo de la muestra (mm); M: valor medio (mm); SE: error estindar (mm); SD:
desviacion estandar (mm). Abreviaturas anatémicas en apartado 3.3. Abbreviations.

4.2. Characterization of the taphocenosis

The composition of the whole small-vertebrate assemblage is mainly dominated by bats,
but other groups of animals are also represented here (NR=49): rodents (Apodemus sp.
MNI=1; Eliomys quercinus, MNI=1), shrews (Crocidura russula, MNI=1) and birds (MNI=8).

The majority of the small bone remains have a fair coloration from white to beige, but

just under a fifth of the total specimens have darker, orange-brown tones or present small
areas with black staining (Figure 6a, b, c¢). Almost half of the sample shows strong surface
weathering, generally linked to a fairer surface colour, whereas a small amount of the remains
(15 %) shows dissolution marks on the surface, and some specimens show both types of
alteration (Figure 6d, e, f).
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Figure 6. Main taphonomic remarks. Bone coloration; a: orange-brown mandible of Rhinolophus
euryale; b: beige mandible of R. euryale; c: white mandible of R. euryale. Bone surface alterations; d:
non-altered bone and enamel in a R. euryale mandible; e: bone surface affected by weathering, but not
the enamel, in a R. euryale mandible; f: surface weathering and dissolution marks in a distal epiphysis
of R. euryale humerus. Tooth-wearing; g: subadult specimen of R. euryale, the m2 shows no wear; h:
adult specimen of R. euryale, the m2 shows notable wear on the occlusal surface; i: adult specimen of
Rhinolophus ferrumequinum, the m2 shows notable wear on the occlusal surface.

Figura 6. Principales anotaciones tafonoémicas. Coloraciéon de los huesos; a: mandibula marrén
anaranjada de Rhinolophus euryale; b: mandibula beige de R. euryale; c: mandibula blanca de R.
euryale. Alteracion superficial de los huesos; d: mandibula de R. euryale con hueso y esmalte sin alterar;
e: mandibula de R. euryale con hueso afectado por descamacion superficial, pero no el esmalte; f:
descamacion superficial y marcas de disoluciéon en una epifisis distal de humero de R. euryale.
Desgaste dental; g: espécimen subadulto de R. euryale, el m2 no muestra desgaste; h: espécimen adulto
de R. euryale, el m2 muestra un desgaste notable de la superficie oclusal; i: espécimen adulto de
Rhinolophus ferrumequinum, el m2 muestra un desgaste notable de la superficie oclusal.
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The Rbhinolophus sample presents a notable differential loss of skeletal elements.
Considering the relative abundance of elements (Ri = Ni/(MNI x Ei)x100; Andrews 1990;
Bennasar 2010), the best-preserved elements are the humeri and radii, the only bones with a
survival percentage above 50% (Table 4). The composition of the sample in terms of age
groups based on tooth wear is as follows: a minimum of five individuals of Rbznolophus eunryale
were subadults (the teeth show no wear), whereas at least two individuals were adults whose
teeth show rounded cusps in one case, and dentine fields in the other; the only mandible of
Rhbinolophus ferrumequinum preserved belonged to an old adult as dentine fields are observed in
the molar (Figure 6g, h, 1). No teeth are preserved for the remaining seven individuals, but all
the limb bones preserved are completely fused, suggesting that they belonged to individuals
old enough to fly (Adams 2008; Dietz et al. 2007, 2009).

Elem . . Ri Elem . . Ri Elem . . Ri
(Cr) Ni Ei %) (PCy) Ni Ei (%) (PCr) Ni Ei %)
bu 9 2 321 clav. 9 2 321 hu 17 2 60.7
mx 2 2 7.1 pring 3 1 250 ra 20 2 71.4
md 9 2 321 sca 5 2 179 fe 10 2 35.7
teeth 9 16 4.0 pelv. 1 2 3.6 ti 5 2 17.9
metcp (ii-v) 26 8 232

Table 3. Relative abundance of the main skeletal elements recovered at Los Batanes and assigned to
genus Rhinolophus; Elem: element; Ri: relative abundance of the elements in the sample; Ni: minimum
number of elements in the sample; Ei: number of elements in an individual. Anatomical abbreviations
in paragraph 3.3. Abbreviations.

Tabla 4. Abundancia relativa de los principales elementos esqueléticos recuperados en los Batanes y
asignados al género Rhinolophus; Elem: elemento; Ri: abundancia relativa de elementos en la muestra;
Ni: minimo namero de elementos en la muestra; Ei: nimero de elementos en un individuo.
Abreviaturas anatémicas en apartado 3.3. Abbreviations.

5. Discussion

5.1. Origin of the accumulation

Two hypotheses are considered here: (1) that the accumulation of the bat remains was
due to the action of predators and the subsequent transport of their discards deep into the
cave by a water flow, or (2) that the accumulation was produced by bats roosting in the cave
followed by an in situ death.

The varying degrees of coloration and weathering shown by the fossil bones point to
different time-spans of subaerial exposure and burial, which is a common phenomenon even
among the bones of a single skeleton once it is accumulated (Fernandez-Jalvo 2016). The
dissolution marks observed in some specimens may be caused either by digestion or by the
environmental moisture of a water flow. The elements with the highest survival percentage in
the assemblage are humeri and radii, the two largest and strongest bones in the bat skeleton.
The differential lack of skeletal elements in the recovered assemblage may be explained as the
effect of transport within the cave-system or of predation. However, bats are rarely hunted by
birds, carnivorous mammals or lizards and cases of predation on horseshoe bats are even
scarcer as this group is apparently more efficient at eluding predators (Dietz et al. 2009;
Kowalsky 1995). The global composition expected for a small-vertebrate assemblage
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produced by predatory accumulation is a small number of bats represented in comparison
with other small mammals such as rodents or with small birds, which is contrary to the small-
vertebrate assemblage from Los Batanes. If the bats died in the cave, the dominance of bats in
the assemblage could be explained by the continuous roosting of Rhznolgphus euryale in the site,
and the occasional presence of the other taxa. In the light of the great predominance of bats
within the assemblage, the most probable origin of the accumulation is the death of the
animals that formed a colony within the cave. Most of the Mediterranean horseshoe bats
recorded were subadult specimens, but with no obvious infants within the association it
cannot be determined whether it was a nursery colony. The relatively high location of the cave
points instead to a hibernating colony, which in these species of horseshoe bats usually
involves a small cluster of individuals (Alcalde et al. 2008; Palomo et al. 2007).

5.2. Palaeoenvironmental framework

The two species of horseshoe bats recorded in Los Batanes currently inhabit the
Pyrenees of Aragon although they have a discontinuous distribution (Alcalde et al. 2008). The
bat species that constitute the fossil assemblage studied here are typically associated with each
other when forming colonies in caves nowadays (Dietz et al. 2009; Palomo et al. 2007).
The bat association from Los Batanes Cave consists of a majority of Mediterranean-related
species with foraging strategies generally linked to the presence of forest habitat or at least
patchy arboreal cover. The other small mammals recorded in the site are today widespread
throughout the Iberian Peninsula with relatively wide altitudinal ranges, and they currently
show habitat preferences for both arboreal cover (Apodenus sp. and Elionzys quercinus) and open
landscapes (Crocidura russula) (Lopez-Garcia 2011; Palomo et al. 2007). Based on the
association, and having the altitude of the site into account, the most plausible scenario for the
period of accumulation was a temperate, mild climate and a landscape with a notable presence
of forest but a generally mixed structure, where hedge habitats were prominent. In the light of
the radiocarbon date obtained for Los Batanes assemblage (an age of about 15.5-15 ka BP)
and according to the two ice re-advances detected in the Gallego Valley during the Lateglacial
(one at about 17 ka BP, the other at 14-11.7 ka BP, Palacios et al. 2015), it is reasonable to
conclude that at the time the accumulation took place, the Gallego Valley was in a period of
local ice-cover retreat soon after the first local re-advance of the Lateglacial. Finally, the
recorded bat association suggests that the climate conditions in the area by that time were at
least as mild as they are today.

5.3. Palaeobiogeography

The two Rbinolophus species found in Los Batanes were already present in Spain in the
late Pliocene (Agusti et al. 2011) and have a regular but scanty record throughout the Iberian
Quaternary (e. g. Galan et al. 2016a; 2016b; Sevilla 1988), including some localities in the
Pyrences and the pre-Pyrenees (Altuna 1972; Blanco-Sancho 1995; Lopez-Garcfa 2011; Oms
et al. 2008; Peman 1994). However, none of the localities in the literature with a record of the
two Rhinolophus species in the Pyrenees and the pre-Pyrenees is at such a great altitude as Los
Batanes Cave. This new record provides reliable evidence that the distribution of Rhinolophus
euryale and Rhbinolophus ferrumequinum reached altitudes as high as 1025 m in the Iberian
Pyrenees during the Lateglacial. In the case of the former species this is quite close to its
extant altitudinal maximum in Spain (1360 m a.s.. according to Palomo et al. 2007). The fact
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that the altitudinal range of R. exryale was at least as great then as it is today can be interpreted
as an indicator of the relative speed of this taxon in spreading into higher regions whenever
climate conditions allowed it, even during a period of time such as the Lateglacial which was
mainly characterized by climate instability and alternations of local ice-cover retreats and re-
advances (Garcfa-Ruiz et al. 2003; Palacios et al. 2015).

6. Conclusions

The late Pleistocene bat assemblage from the site of Los Batanes provides the highest
Quaternary record of Rhinolophus euryale and Rhinolophus ferrumequinum in the Spanish Pyrenees
and pre-Pyrenees, which is very close to present altitudinal limit of the first species. The clear
Mediterranean affinity presented by the bat association together with the altitude of the site
suggests than even in a period characterized by climatic instability as it was the Lateglacial,
local climate conditions could be as mild as they are nowadays during the moments of ice-
cover retreat. Finally, the presence of R. euryale in a site with this location and chronology
could be an indicator of the relatively high speed of this taxon in spreading into higher regions
whenever climate conditions allowed it.

Further investigations into Quaternary mountain localities will improve the resolution
of the bat fossil record and increase our understanding of the effect of climate fluctuations on
the distribution of these horseshoe bat species.
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Nuevos hallazgos de restos de
quiropteros fosiles y
subfosiles en las sierras
interiores del Pirineo aragonés

New findings of fossil and subfossil bat remains in the Internal
Spanish, Aragonese Pyrenees

El nimero de yacimientos paleontoldgicos con registro de quirdpteros fosiles en la vertiente espafiola de
los Pirineos es muy escaso (cuatro localidades) en comparacién con la vertiente francesa (mas de 40). Los
yacimientos estudiados en este capitulo (cuevas B-9, B-8 y D-2, de edad Holoceno), proporcionan el
primer registro de quirépteros fosiles en localidades de alta montafia en Espafia, por encima de los 1900
m de altitud. En este capitulo se muestra la presencia de una asociaciéon de quirépteros basada en las
especies Myotis blythiz, Mpyotis bechsteiniz, Myotis mystacinus 'y Plecotus sp., especies relativamente poco
frecuentes en el cuaternario del norte de la peninsula ibérica. Se trata del registro f6sil de estas especies a
mayor altitud en la peninsula ibérica, asi como la primera cita f6sil de la especie M. mystacinus. Ademas, la
aparicién de individuos muertos pertenecientes a estas mismas especies en la superficie de las cuevas B-8,
B-9 y D-2, asi como de otras tres cavidades cercanas (cuevas C-11. A-99/A-31 y A-113) pone de relieve la
presencia continuada en el tiempo de estas especies en un area que, en cuanto a altitud y a cobertera
vegetal, se encuentra en el extremo (o fuera de los limites) de las preferencias de habitat conocidas para
estas especies en la actualidad. Los resultados de este capitulo contribuyen al conocimiento de las faunas
de quirépteros del pasado en los Pirineos, de las cuales se tiene especialmente pocos datos en la vertiente
sur, y suponen el registro del orden Chiroptera a mayor altitud en esta cadena montafiosa.

The number of paleontological sites with record of fossil bats on the Spanish Pyrenees is very scarce (only
four localities) compared to the French side (more than 40). The sites studied in this chapter (caves B-9,
B-8 and D-2, aged Holocene), provide the first record of fossil bats in high mountain localities in Spain,
above 1900 m height. This chapter shows the presence of an association of bats based on the species
Myotis blythii, Myotis bechsteinit, Myotis mystacinus and Plecotus sp., which are relatively rare in the quaternary
record of northern Iberian Peninsula. It is the highest Iberian fossil record of these species, as well as the
first fossil citation of the species M. mystacinus. In addition, the appearance of dead individuals belonging
to these same species on the surface of caves B-8, B-9 and D-2, as well as at three other nearby cavities
(caves C-11, A-99 / A-31). and A-113) reveals the continued presence of these species over time in an
area that, in terms of altitude and vegetation covert, is at the extreme (or out of bounds) of the habitat
preferences known for these species today. The results of this chapter contribute to filling the gap of
knowledge of the past Chiroptera faunas in the Pyrenees, of which there is especially little data from the
southern side of the range, and they represent the higher altitude fossil record of order Chiroptera in
these mountains.
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1. Introduccion

Los yacimientos aqui presentados son algunas de las cavidades con relleno
sedimentario de edad Pleistoceno a Holoceno prospectadas por el equipo de investigacion en
paleontologia de vertebrados Aragosaurus-Instituto Universitario de Investigacion en Ciencias
Ambientales de Aragon (IUCA), de la Universidad de Zaragoza (Unizar). El trabajo de campo
se enmarca en el proyecto "Recuperacion de restos paleontoldgicos, catalogacion y datacion de
los yacimientos del Pleistoceno-Holoceno de las Cavidades del Pirineo Oscense", financiado
por el IEA (Instituto de Estudios Altoaragoneses) XXX edicién y liderado por los doctores
Raquel Rabal-Garcés y Victor Sauqué. Dicho proyecto forma parte de un plan global de
prospeccion de cuevas en los Pirineos de Huesca cuyo objetivo principal es ampliar el
conocimiento acerca de las faunas que han habitado la vertiente espafiola de los Pirineos a lo
largo del Cuaternario. El volumen de trabajo existente al respecto es escaso en comparacion
con el realizado en la vertiente francesa de la cadena montafiosa (Figura 1), donde mas de 40
localidades cuaternarias han sido estudiadas y publicadas (Clot & Evin 1986; Nufiez-Lahuerta
et al. 2018; Sauqué et al. 2015; Sauqué et al. 2018). La escasez de datos procedentes de los
Pirineos y el Prepirineo espafioles es aun mayor cuando hablamos de un grupo biolégico en
concreto: el orden Chiroptera. Solo consta registro en Pleistoceno Superior del yacimiento
Cueva de los Moros de Gabasa en Huesca (Blasco-Sancho 1995) y de Olopte B en Girona
(Villalta 1972; Lopez-Garcia 2011), asi como en los recientemente publicados yacimientos de
la Cova Colomera (CE15 y CE14-EE1, Pleistoceno Superior y Holoceno respectivamente) en
Lleida (Oms et al. 2008; 2009; Lopez-Garcia & Cuenca-Bescos 2010) y Los Batanes (transito
Pleistoceno-Holoceno) en Huesca (Galan et al. 2018a) (Figura 1). Estos cuatro yacimientos se
sitian en un rango de altitud entre los 545 y los 1145 m s. n. m. (metros sobre el nivel del
mar). Si se contabilizan los yacimientos localizados en el area de transicién entre los Pirineos
orientales y la costa catalana, y entre los Pirineos occidentales y la Cordillera Cantabrica, el
namero de localidades con registro cuaternario de quirdpteros se amplia ligeramente (Figura
1), habiéndose registrado en el yacimiento de edad Pleistoceno Medio de Mollet I (Lopez-
Garcia et al. 2013; 2014c¢; Maroto et al. 1987; Maroto et al. 2012;), en los yacimientos de edad
Pleistoceno Superior de Laminak II (Arriba & Berganza 1988; Peman 1994), Lezetxiki (Altuna
1972), Cueva de Erralla (Altuna & Mariezkurrena 1985; Peman 1985), Cueva de Amutxate
(Torres et al. 2004; Sesé 2014) y Aitzbitarte IV (Barandiaran et al. 1961), y en los yacimientos
de edad Holoceno de Ekain V-II (Barandiaran & Altuna 1977), Urtiagako Leizea (Aranzadi &
Barandiaran 1948), y Cueva de Marizulo (Altuna 1972), todos ellos situados a alturas por
debajo de los 1000 m s. n. m. En cuanto a la vertiente francesa de esta cadena montafiosa, las
citas de quiropteros fésiles del Cuaternario pertenecen a los siguientes yacimientos (Figura 1):
Grotte Bourrouilla (Eastham 1998), Puits Schatzi (Clot & Evin 1986), Gouffre TP 11 des
Toupiettes (Clot & Evin 1986), Grotte des Espélugues (Mourer-Chauviré 1975; Sevilla &
Chaline 2011), la grotte de la Carriere o Gerde (Sevilla & Chaline 2011), Grotte d'Espeche o
Grotte du bois du Cantet (Clot 1980; Clot & Evin 19806), Grotte de Gargas (Bouchud 1958;
Clot 1980), Puits de Peyreignes (Regnault & Jammes 1900; Sevilla & Chaline 2011), Grotte de
Vida Tripa (Llenas et al. 2011) y Caune de 1'Arago (Mourer-Chauviré 1975, Hanquet 2011;
Hanquet & Desclaux 2011), todos ellos formados en cavidades que se abren a alturas entre
125-1400 m s. n. m.
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Figura 1. Localizaciéon de los yacimientos cuaternarios en los Pirineos y areas proximas con registro de
quitdpteros fosiles y/o subfosiles. 1: Laminak II; 2: Lezetxiki; 3: Ekain; 4: Urtiaga; 5: Cueva de Etralla;
6: Cueva de Amutxate; 7: Marizulo; 8: Aitzbitarte IV; 9: Los Batanes; 10: Cueva de los Moros de Gabasa;
11: Cova Colomera; 12: Olopte B; 13: Mollet I; 14: Grotte Bourrouilla; 15: Puits Schatzi; 16: Gouffre TP 11
des Toupiettes; 17: Grotte d'Eséluges; 18: Gerde; 19: Grotte d'Espéeche; 20: Grotte de Gargas; 21: Puits
de Peyreignes; 22: Grotte de Vida Tripa; 23: Caune de 1'Arago; 24: B-9; 25: B-8; 26: A-99 Cueva de los
Osos; 27: D-2; 28: A-113 Sima del Baste; 29: C-11 Cueva de los Bucardos.

Figure 1. Location of Quaternary sites in the Pyrenees and nearby areas with fossil and/or subfossil bats
records. 1: Laminak IT; 2: Lezetxiki; 3: Ekain; 4: Urtiaga; 5: Erralla Cave; 6: Amutxate Cave; 7: Marizulo;
8: Aitzbitarte IV; 9: The Batanes; 10: Cave of the Moors of Gabasa; 11: Cova Colomera; 12: Olopte B; 13:
Mollet I; 14: Grotte Bourrouilla; 15: Puits Schatzi; 16: Gouffre TP 11 des Toupiettes; 17: Grotte
d'Eséluges; 18: Gerde; 19: Grotte d'Espeche; 20: Grotte de Gargas; 21: Puits de Peyreignes; 22: Grotte de
Vida Tripa; 23: Caune de 1'Arago; 24: B-9; 25: B-8; 26: A-99 Cueva de los Osos; 27: D-2; 28: A-113 Sima
del Baste; 29: C-11 Cueva de los Bucardos.

El principal objetivo del presente trabajo es ampliar el conocimiento que se tiene sobre
las poblaciones de quirdpteros del Cuaternario pirenaico. Para ello, se han analizado los restos
recuperados en seis nuevas cuevas (Figura 2): dos cavidades de la Sierra de Secus, en la cuenca
hidrografica del rio Aragén-Subordan (la cueva B-9 o Cueva de la Brecha del Rincén y la
cercana cueva B-8) y cuatro cavidades del Sistema karstico de Lecherines, en la cuenca del rio
Aragén (la cueva C-11 o Cueva de los Bucardos, la cueva A-99/A-31 o Cueva de los Osos, la
cavidad A-113 o Sima del Baste y la cueva D-2). Los restos fésiles de quirdpteros proceden
unicamente del relleno sedimentario de tres de ellas, las cuevas B-9, B-8 y D-2, mientras que
en el proceso de prospeccion se hallaron también restos acumulados sobre la superficie fosil
de todas las cuevas (es decir, zonas de las paredes de galerfas vadosas que no se ven afectadas
por la acciéon de las corrientes de agua). Con este estudio también se pretende ampliar el
conocimiento de los rangos de distribucion altitudinal de estos animales. La situacion de las
cuevas estudiadas tiene gran interés, pues se abren a alturas que varfan entre 1851-2243 m s. n.
m., un rango altitudinal en el que no existen citas de quirdpteros fosiles en los Pirineos ni en el
resto de la peninsula ibérica.
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Figura 2. Localizacion en detalle de las cavidades prospectadas y presentadas en este trabajo. Sistema
de coordenadas UTM, cuadricula 30T.

Figure 2. Detailed location of the cavities prospected and presented in this work. UTM coordinate
system, 30T grid.

2.  Situacién geografica y geoldgica de las cuevas prospectadas

2.1. Sistema karstico de la Sierra de Secus (Hecho, Huesca)

La Sierra de Secus es una cadena montafiosa de alineacién Este-Oeste, situada en la
zona occidental de los Pirineos aragoneses, en la cuenca hidrografica del rio Aragén-Subordan.
Alcanza los 2514 m s. n. m. de altitud en el Puntal de Secus. En el presente estudio se incluyen
dos cavidades (Figura 3) descubiertas por este equipo de trabajo: la cueva B-9 (o Cueva de la
Brecha del Rincén) y la cueva B-8.

2.1.1. Cueva B-9, 0 Cueva de la Brecha del Rincon

Se trata de una cavidad de grandes dimensiones (30T 692325 4741635), desarrollada
sobre los estratos de la Brecha del Rincén (Figura 3c, 4). Posee mas de 2,5 km de desarrollo
conocidos y mas de 250 m de desnivel, pero el complejo karstico ain no se conoce en su
totalidad (actualmente contindan las campafas de prospeccion espeleoldgica por parte del
CEA). La cueva se abre a 2160 m s. n. m., lo que la convierte en una de las localidades con
registro paleontolégico pleistoceno situada a mayor altura de la peninsula ibérica (Sauqué et al.
2015; Rabal-Garcés & Sauqué 2015). Cabe destacar la presencia en su interior de un
yacimiento paleontolégico monoespecifico de edad Pleistoceno Medio con restos fosiles de
Ursus cf. deningeri (Rabal-Garcés & Sauqué 2015). En el relleno sedimentario de otra sala mas
externa proxima a la entrada de la cueva se han recuperado restos de Ursus arctos junto con
restos de pequefios vertebrados: Phoenicurus ochruros, Oenanthe oenanthe, Corvidae indet.,
Passeriformes indet., Rodentia indet., Soricomorpha indet., (Sauqué et al. 2015, Nufez-
Lahuerta et al. 2018). El relleno se caracteriza litolégicamente por contener cantos angulosos
carbonatados (procedentes de desprendimientos de las paredes de la cueva) de tamafio
centimétrico a decimétrico, soportados por una matriz arcillosa de coloracién rojiza. En base a
la asociacion f6sil, 1a edad estimada del depésito es Pleistoceno Superior-Holoceno.
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Figura 3. Yacimientos de la Sierra de Sectis; a: camino de ascenso a los yacimientos desde el
campamento base; b: Campamento base donde se realizé parte del trabajo de procesado de sedimento:
lavado-tamizado, secado y triado; c: apertura de la cueva B-9 (Cueva de la Brecha del Rincén); d:
apertura de la cueva B-8 vista desde la entrada de la cueva B-9. Autoria imagenes: Mario Gisbert, Jorge
Tello, Raquel Rabal.

Figure 3. Sierra de Secus cave-sites; a: ascending path to the two cave-sites from the base camp; b: base
camp where the sediment processing was partially carried out (washing-sieving, drying and picking
up); c: opening of cave B-9 (Brecha del Rincén); d: opening of cave B-8 as seen from the cave B-9
entrance. Pictures by: Mario Gisbert, Jorge Tello, Raquel Rabal.
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Figura 4. Topografia de la cueva B-9 (Brecha del Rincén); a: localizacion de la sala préxima a la entrada
donde se extrajo sedimento; b: area de recoleccion de quirépteros hallados en superficie. Mapa
topografico realizado por Mario Gisbert.

Figure 4. Topography of the cave B-9 (Brecha del Rincén); a: location of the room near the entrance
where sediment was extracted; b: location of the area where the surface-found bat remains were picked
up. Topographic map made by Mario Gisbert.

2.1.2. Cueva B-8

Se trata de una pequefia cavidad (30T 692325 4741635) desarrollada sobre los mismos
estratos que la Brecha del Rincon, que se abre en la ladera frente a la cueva B-9 en la parte
superior de un canchal (Figura 3d). Su entrada se sitda a una altitud de 2130 m s. n. m.
Consiste en un pasaje horizontal de 10 m de longitud que desciende 5 m hacia el final, donde
se localiza un agujero de 3 m de diametro (Figura 5).
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Figura 5. Topografia de la cueva B-8, con la localizacion de los puntos donde se extrajo sedimento.
Mapa topografico realizado por Mario Gisbert.

Figure 5. Topography of cave B-8, with the location of the points where sediment was extracted.
Topographic map made by Mario Gisbert.
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El relleno sedimentario del pasaje horizontal y el pozo inferior contiene restos fosiles
de Ursus arctos 'y Capra pyrenaica, asi como de varias especies de pequefios vertebrados:
Galliformes indet., Lagopus muta, Coturnix coturnix, Bonasa bonasia, Columba oenas, Columba
palumbus, Columba sp., Ficedula hypolenca, Ficedula sp., Lanius sp., Coccothraustes coccothraustes, cf.
Perisoreus infaustus, Pyrrhocorax sp., Pyrrhocorax pyrrhocorax, Pyrrbocorax graculus, Corvidae indet.,
Aves indet., Arvicola sapidus, Chionomys nivalis, Microtus arvalis (Sauqué et al. 2015, Nufiez-
Lahuerta et al. 2018). Este relleno consiste basicamente en lutitas de coloracién rojiza con
algunos clastos carbonatados. Un hueso craneal perteneciente a un individuo infantil de oso
pardo (Ursus arctos) y contenido en el relleno arcilloso del pozo ha sido datado mediante "C
AMS en 7797 £ 126 afios BP (Garcia-Vazquez et al. 2010).

Figura 6. Yacimientos del sistema karstico de Lecherines; a: panoramica del area de Lecherines; b:
apertura de la cueva C-11 (Cueva de los Bucardos); c: apertura de la cueva A-99 (Cueva de los Osos); d:
apertura de la cueva D-2. Autoria imagenes: Ricardo Garcia, Raquel Rabal.

Figure 6. Lecherines karst system cave-sites; a: panoramic of the area of Lecherines; b: opening of the
cave C-11 (Cueva de los Bucardos); c: opening of the cave A-99 (Cueva de los Osos); d: opening of the
cave D-2. Pictures by: Ricardo Garcia, Raquel Rabal.

2.2. Sistema karstico de Lecherines (Borau, Huesca)

Se localiza en el denominado campo de lapiaces de los Mallos de Lecherines (Figura
06a), en la parte mas oriental del Macizo del Aspe (Cuenca hidrografica del rio Aragén). La
altura maxima del macizo la forma el Pico del Aspe, con 2640 m s. n. m. El sistema karstico
esta formado por varios kilometros de galerias, algunas de las cuales alcanzan los 1000 m de
profundidad, que se desarrollan bajo los términos municipales oscenses de Borau (donde se
abren todas sus bocas) y Villanua (donde drenan las aguas del sistema). El relieve viene dado
por la Formacién Areniscas de Marboré (Cretacico Superior) y el modelado karstico se
desarrolla sobre los materiales suprayacentes de la Formacion Calizas y Dolomias karstificadas
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de Salarons (Paleoceno) (Teixell & Garcia-Sansegundo 1994). En el presente trabajo se
incluyen cuatro cavidades prospectadas: la cueva C-11 (o Cueva de los Bucardos), la cueva A-
99/A-31 (o Cueva de los Osos), la cueva A-113 (o Sima del Baste) y la cueva D-2. Las
entradas de estas cavidades se abren en un rango de altitudes que varfa entre 1850-2240 m s. n.
m.

C-1
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I 1]

los Bucardos \
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Figura 7. Topografia de la cueva C-11 (Cueva de los Bucardos), con la localizaciéon del area de
recoleccion de los quiropteros hallados en superficie. Mapa topografico realizado por Mario Gisbert.

Figure 7. Topography of cave C-11 (Cueva de los Bucardos), with the location of the area where the
surface-found bat remains were picked up. Topographic map made by Mario Gisbert.

2.2.1. Cueva C-11, o Cueva de los Bucardos
Esta cavidad (30T 701474 4735019) se abre a 1851 m s. n. m. (Figura 6b). Su
potencial paleontolégico fue descubierto en 2013, cuando miembros del CEA encontraron en
esta cavidad unos pocos restos Oseos pertenecientes al extinto bucardo (Capra pyrenaica
Ppyrenaica) (Sauqué et al. 2015). En posteriores excavaciones se recuperaron restos de bucardo y

oso pardo (Ursus arctos) recogidos tanto en superficie como en el relleno sedimentario.

2.2.2. Cueva A-99/A-31 o Cueva de los Osos
Esta cavidad (30T 700692 4735667) es la que posee la entrada situada a mayor altitud
de todas las presentadas en este trabajo (Figura 6¢): 2243 m sobre el nivel del mar. Se trata de
una cueva helada, con presencia interna de hielo permanente. Destaca la gran cantidad de
camas de osos conservadas en su interior, conformadas a modo de grandes nidos entre los
cantos calcareos del fondo de la cavidad procedentes del desprendimiento de las paredes de la
cueva (Sauqué et al. 2015).
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Figura 8. Topografia de la cueva A-99/A-31 (Cueva de los Osos), con la localizacién del area de
recoleccion del quiréptero hallado en superficie. Mapa topografico realizado por Mario Gisbert.

Figure 8. Topography of the cave A-99 / A-31 (Cueva de los Osos), with the location of the area whete
the surface-found bat remains were picked up. Topographic map made by Mario Gisbert.

2.2.3. Cavidad A-113 o Sima del Baste
Esta cavidad (30T 700710 4735430) se abre a 1920 m s. n. m. Se trata de una cavidad
de gran tamafio que actualmente se encuentra en proceso de exploracion, superando los 10 km

de desarrollo de galerfas conocidas.
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Figura 9. Topografia de la cueva A-113 (Sima del Baste), con la localizaciéon de las areas de recoleccion
de los quirépteros hallados en superficie. Mapa topografico realizado por Mario Gisbert.

Figure 9. Topography of the cave A-113 (Sima del Baste), with the location of the areas where the
surface-found bat remains were picked up. Topographic map made by Mario Gisbert.
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2.2.4. Cueva D-2

Se trata de una pequefia cavidad (30T 700772 4735660) cuya entrada (Figura 6d) se
abre a una altura de 1978 m s. n. m. El relleno sedimentario (Figura 10) ha aportado restos de
bucardo (Capra pyrenaica pyrenaica) junto con restos de pequefios vertebrados: Pyrrbocorax
gracnlus, Mammalia indet. (Sauqué et al. 2015, Nufiez-Lahuerta et al. 2018). Aunque no se ha
obtenido una edad absoluta de los mismos, la edad estimada en base a la asociacion es
Holoceno. Este relleno se caracteriza litolégicamente por contener cantos angulosos
carbonatados (procedentes de desprendimientos de las paredes de la cueva) de tamafio
centimétrico, soportados por una matriz lutitica de coloracién beige a blanquecina.

D-2
entrada 5 0 10  20m

ALZADO

PLANTA

ntrada

Figura 10. Topografia de la cueva D-2, con la localizacion del area donde se extrajo sedimento y los
restos de quiropteros en superficie fueron recogidos. Mapa topografico realizado por Mario Gisbert.

Figure 10. Topography of cave D-2, with the location of the area where sediment was extracted, and the
surface-found bat remains were picked up. Topographic map made by Mario Gisbert.

3. Material y métodos

3.1.  Abreviaturas:

Instituciones: CEA (Centro de Espeleologia de Aragén), IPE (Instituto Pirenaico de
Ecologia), TUCA (Instituto Universitario de Ciencias Ambientales de Aragén de la
Universidad de Zaragoza), Unizar (Universidad de Zaragoza).

Descripcién anatémica: I (incisivo), C (canino), P (premolar), M (molar), los dientes de
la serie superior van nombrados en mayusculas y los de la serie inferior en minudsculas (i.e. M1
es el primer molar superior, p4 el cuarto premolar inferior), D (derecha), I (izquierda).

3.2. Material:

Los restos fosiles estudiados en este trabajo proceden del relleno sedimentario de las
cuevas B-9, B-8 y D-2. Sin embargo, en el proceso de prospeccion también hallaron restos
acumulados sobre la superficie fésil de las cuevas. Aunque es dificil estimar su edad de
acumulacién (probablemente a lo largo del Holoceno, puede que en época contemporanea) se
ha considerado de interés citar su presencia (siempre indicando su procedencia) dado el escaso
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conocimiento que se tiene de los quirdpteros que han habitado estas areas de alta montafia en
épocas mas recientes (histéricas). En la cueva B-9 se han recuperado restos fosiles de
quirépteros en la cata realizada en una sala préxima a la entrada de la cueva (Figura 4a).
Ademas, varios individuos subactuales han sido recuperados en superficie en zonas internas de
la cueva B-9 (Figura 4a) o en el revuelto superficial de la cata. En la cueva B-8 los restos fosiles
de quirépteros proceden del relleno sedimentario del pasaje horizontal y del relleno del pozo
inferior (Figura 5). En las cuevas C-11, A-99/A-31 y A-113 los restos de quirépteros
recuperados fueron hallados en superficie (Figura 7, 8, 9) por lo que se les supone de edad
subactual. En la cueva D-2 los restos fosiles de quirépteros proceden del relleno sedimentario
(Figura 10), mientras que un individuo fue también recuperado en la superficie fosil de la
cavidad (Figura 10).

3.3. Trabajo de campo:

La recuperacion de material procedente de las cuevas de la Sierra de Secus (Figura 3) se
realiz6 durante dos campafias en afios consecutivos (2014 y 2015) organizadas por el CEA y
en las que participaron miembros del equipo de investigacion en paleontologia de
Aragosaurus-IUCA y del IPE (Sauqué et al. 2015). Las campafias tuvieron duraciones de 8
dias, tiempo durante el cual se instalé un campamento de alta montafa a los pies de la Brecha
del Rincén (Figura 3a, b), a 3 horas de camino a pie desde el punto accesible con vehiculo mas
cercano. Para acceder a las galerfas mas interiores de las cuevas fue necesario el empleo de
equipos de espeleologia de progresion vertical. Los restos fésiles de quirdépteros (junto con
otros pequefios vertebrados) fueron recuperados mediante la excavacién y extraccion del
sedimento de relleno de las cuevas: en la cavidad B-9 (Figura 4) se realiz6 una cata de 1 m*y
0,5 m de profundidad excavada en una sala préxima a la entrada (Figura 3c); en la cueva B-8
(Figura 3d) se excavaron sendas catas de menor superficie y profundidad en el tubo de
desarrollo horizontal y en el pozo inferior de la cavidad (Figura 5). Posteriormente se llevé a
cabo el lavado-tamizado del sedimento extraido (empleando tamices superpuestos de 10,5 y
0,5 mm) y el concentrado obtenido fue triado para eliminar los clastos detriticos. Ambos
procesos se llevaron a cabo en el campamento de alta montafia instalado “in situ” (Figura 3b).

La recuperacién de material procedente de las cuevas C-11, A-99/A-31 y D-2 del
sistema karstico de Lecherines (Figura 6) se realiz6 en tres campanas de prospeccion entre los
afios 2013 y 2015, organizadas por el CEA y en las que participaron miembros del equipo de
investigacion en paleontologia de Aragosaurus-IUCA y del IPE (Sauqué et al. 2015). El acceso
a las cuevas C-11 (Figura 6b), A-99/A-31 (Figura 6¢) y A-113 requiti6 el uso de equipos de
espeleologia de progresion vertical. En ellas se hallaron tnicamente restos en superficie. En el
caso de la cueva A-113 los restos fueron recuperados por miembros del CEA durante los
trabajos de prospeccion de la Sima del Baste en los afos 2015 y 2016. En la cueva D-2 (Figura
6d), de facil acceso, los restos fosiles de quirépteros (junto con otros pequefios vertebrados)
fueron recuperados mediante la excavacion y extraccién de los primeros centimetros de una
zona de relleno sedimentario situada entre dos bloques junto a una pared de la cavidad (Figura

10).

3.4. Trabajo de gabinete:
Las muestras de concentrado procedentes de la excavacion de las cuevas de la Sierra de
Sects se triaron en los laboratorios del Area de Paleontologia de Unizar con ayuda de
microscopia optica para la separacion de los restos de quirdpteros. El sedimento excavado y
extraido en la cueva D-2 de Lecherines fue procesado mediante su lavado-tamizado en las
instalaciones del IPE en Jaca (empleando tamices superpuestos de 10,5 y 0,5 mm) y el triado
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del concentrado obtenido se llevé a cabo en los laboratorios del Area de Paleontologia de
Unizar con ayuda de microscopia optica para la separacion de los restos de quirdpteros.

Los restos de quirépteros han sido descritos, medidos y determinados a nivel de
especie siempre que ha sido posible. Las medidas en craneos, mandibulas y huesos largos se
realizaron con calibre digital (modelo Mitutoyo Digimatic Caliper CD-8" CX, Japan) de 0,01
mm de precision teorica. Los dientes se han medido sobre imagenes digitales tomadas con una
lupa binocular (modelo Olympus SZ61) con camara incorporada (modelo LC20) a 1,5x
aumentos. La identificacion de los restos esta basada en los criterios propuestos por los
siguientes autores: para restos craneales Dupuis (1986), Menu & Popelard (1987), Sevilla
(1988), Jenrich et al. (2012), Galan et al. (2018b); para restos del esqueleto postcraneal Felten
et al. (1973), Dupuis (1986), Dodelin (2002) y Radulet (2003). La nomenclatura anatémica
empleada aqui es la proporcionada por los autores previamente mencionados junto con
Strikler (1978). Ademas se ha llevado a cabo la comparacion de los restos con especimenes
actuales procedentes de las colecciones de las siguientes instituciones: Museo de Ciencias
Naturales de la Universidad de Zaragoza, Centro Internacional del Agua y el Medioambiente
(CIAMA) de La Alfranca de Zaragoza, Museo Nacional de Ciencias Naturales de Madrid,
Estacién Biologica de Doflana-CSIC de Sevilla, Muséum National d'Histoire Naturelle de
Paris, Laboratério de Arqueociéncias de Lisboa, Magyar Természettudomanyi Mizeum de
Budapest, y Smithsonian Institution de Washington.

Para el estudio tafonémico se han realizado los siguientes analisis sobre la coleccion de
restos: determinacion del NMI (nimero minimo de individuos) empleando criterios de
lateralidad y edad de los individuos; determinacién de la Ri (abundancia relativa de elementos
en la muestra) siguiendo a Andrews (1990), Bennassar (2010); determinacién de los grupos de
edad representados en base al desgaste dental siguiendo a Popov & Ivanova (2002);
determinaciéon de las alteraciones superficiales de los restos siguiendo a Andrews (1990),
Bennassar (2010), Fernandez-Jalvo & Andrews (2016).

4. Resultados

4.1. Asignacién taxonémica
4.1.1. Vespertilionidae Gray, 1821

. Vespertilionidae indet.

Los restos asignados (Tabla 1) son elementos fragmentarios o dificilmente
identificables a nivel de especie (por ausencia de caracteres diagndsticos y/o de datos previos
en la literatura). Entre estos elementos se encuentran varios metacarpos, un fragmento de
radio y dos tibias. Se puede descartar su pertenencia a las otras dos familias presentes en la
peninsula ibérica, Rhinolophidae y Molossidae (ambas con un solo género representado,
Rhinolophus y Tadarida respectivamente). En los vespertilionidos, la morfologia del radio se
caracteriza por presentar la insercion de la ulna sobre la epifisis proximal en lugar de sobre la
zona media de la diafisis (excepto en Mininopterns, tacilmente distinguible de Rbinolophus y
Tadarida por la forma abierta de la fosa de insercion del biceps en el primer caso, y su mayor
tamafo en el segundo) y por una barra longitudinal mas larga. El metacarpo II (que se afina en
su extremo distal terminando en punta) presenta una morfologia arrifionada en su extremo
proximal. El metacarpo III presenta una epifisis proximal trilobulada; la faceta articular del
carpiano III (el 16bulo central) es redondeada y de mayor tamafio que las facetas laterales. El
metacarpo IV presenta una epifisis proximal de morfologia subtriangular. El metacarpo V
presenta una epifisis proximal con un proceso proyectado proximalmente y en angulo recto
con el resto de la superficie articular.

157



Figura 11. Ejemplo de restos esqueléticos del orden Chiroptera de las cuevas prospectadas; a: fragmento
maxila (D) con M2, Myotis mystacinus (sedimento cueva B-9); b: mandibula (D) con m2-m3, Myotis
blythii (sedimento cueva B-9); c: mandibula (D), Plecotus sp. (sedimento cueva B-8); d: mandibula (D)
con p3-m3, M. blythii (superficie cueva A-99); e: craneo, M. mystacinus (superficie cueva A-113); f:
mandibula (D), Myotis myotis (superficie cueva C-11); g: epifisis distal himero (I), Plecotus sp.
(sedimento cueva B-9); h: epifisis distal himero (D), M. mystacinus (sedimento cueva D-2); i: epifisis
proximal radio (I), Plecotus sp. (sedimento cueva B-8); j: epifisis proximal radio (D), Myotis bechsteinii
(superficie cueva D-2). Escala=1mm.

Figure 11. Example of skeletal remains of order Chiroptera from the prospected caves; a: (Right) maxilla
fragment with M2, Myotis mystacinus (sediment from cave B-9); b: (R) mandible with m2-m3, Myotis
blythii (sediment from cave B-9); c: (R) mandible, Plecotus sp. (sediment from cave B-8); d: (R)
mandible with p3-m3, M. blythii (surface of cave A-99); e: cranium, M. mystacinus (surface of cave A-
113); f: (R) mandible, Myotis myotis (surface of cave C-11); g: (Left) humerus distal epiphysis, Plecotus
sp. (sediment from cave B-9); h: (R) humerus distal epiphysis, M. mystacinus (sediment from cave D-
2); i: (L) radius proximal epiphysis, Plecotus sp. (sediment from cave B-8); j: (R) radius proximal
epiphysis, Myotis bechsteinii (surface of cave D-2). Escale=1mm.
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4.1.1.1. Myotis Kaup, 1829

Este género de quirdpteros posee denticibn myotodonta, con férmula dental
2.1.2.3/3.1.3.3. Algunas diferencias craneales basicas frente a otros myotodontos de igual
térmula dental son: el rostro mas elongado en proporciéon a la cavidad craneal y la forma
triangular de la rama mandibular, con el proceso coronoides muy alto y los procesos condilar y
angular menos desarrollados en proporciéon con el primero.

: Myotis myotis Borkhausen, 1797 (murci¢lago ratonero grande)

Esta especie, junto con Myotis blythii, forma el complejo de murciélagos ratoneros de
gran tamafio que habitan Europa y la peninsula ibérica; su gran talla las hace facilmente
distinguibles de otros murciélagos del mismo género. La distinciéon entre las dos especies
hermanas se basa principalmente en el tamafio ya que morfolégicamente son muy similares,
siendo Myotis myotis ligeramente mayor. El material asignado a esta especie (Tabla 1),
procedente de las cuevas C-11 (Figura 11f) y A-113, se ha identificado en base al tamano de
los molares superiores e inferiores (Tabla 2, Figura 12, 13). Al ser especimenes recuperados en
superficie y en semi-conexion anatémica, los elementos del esqueleto postcraneal pueden ser
asignados a esta especie.

Distribucién y habitat actual: esta especie esta presente en toda la peninsula ibérica, asi
como en el area continental de Europa occidental y central. En general, establece sus colonias
en cavidades karsticas situadas en areas boscosas, aunque caza en praderas, pastos y campos
(Dietz et al. 2009; Palomo et al. 2007). De acuerdo con Palomo et al. (2007) el registro de esta
especie a mayor altitud en Espafia es 2060 m (Sierra de Almijara, Malaga). En Aragén, se han
registrado a cotas entre los 160 m y los 1965 m de altitud (Alcalde et al. 2008).
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Figura 12. Grafico bivariante para las medidas M1 (L), longitud del primer molar superior, y M2 (A),
anchura del segundo molar superior; las zonas sombreadas representan las elipses de confianza del 95%
para cada taxén segun el set de datos recopilados en el trabajo Galan et al. (2018b), n: nimero de
especimenes medido, medidas en mm. Puntos 1y 2: individuos recuperados en superficie en cueva B-9;
3: individuo recuperado en superficie en cueva C-11; 4: individuo recuperado en superficie en cueva A-
99; 5, 6, 7 y 8: individuos recuperados en supetficie en cueva A-113.

Figure 12. Bivariant scattering plot for measures M1 (L), first upper molar leght, and M2 (A), second
upper molar weidth; grey areas represent the 95% confidence ellipse for each taxa according to the data
set recopilated on Galan et al. (2018b), n: number of measured specimens, measurements in mm. Points
1 and 2: individuals recovered from the surface of cave B-9; 3: individual recovered from the surface of
cave C-11; 4: individual recovered from the surface of cave A-99; 5, 6, 7 and 8: individuals recovered from
the surface of cave A-113.
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. Myotis blythii Tomes, 1857 (murcié¢lago ratonero mediano)

Esta especie es similar en morfologia a Myotis myotis, aunque presenta tamafios
ligeramente inferiores. El material asignado a Myozzs blythii (Tabla 1, Figura 11b, d), procedente
de las cuevas B-9, A-99/A-31, y A-113, se ha identificado en base al tamafio de los molares
superiores e inferiores cuando éstos estaban presentes (Tabla 2, Figura 12, 13). Una buena
parte de los elementos del esqueleto pertenecen a especimenes recuperados en semi-conexion
anatomica y asociados al esqueleto craneal, permitiendo su asignacion. El resto se ha asignado
a M. blythii por aparecer en niveles con presencia de elementos del esqueleto craneal de esta
especie, pero los criterios métricos no son univocos y podrian pertenecer a M. myotis.
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Figura 13. Grafico bivariante para las medidas m1 (), longitud del primer molar inferior, y ml (a.),
anchura del segundo molar inferior; las zonas sombreadas representan las elipses de confianza del 95%
para cada taxén segun el set de datos recopilados en el trabajo Galan et al. (2018b), n: numero de
especimenes medido, medidas en mm. Puntos 1, 2, 3 y 4: individuos recuperados en superficie en cueva
B-9; 5: individuo recuperado en sedimento de cueva B-9; 6: individuo recuperado en superficie en cueva
C-11; 7: individuo recuperado en superficie en cueva A-99; 8, 9, 10, 11 y 12: individuos recuperados en
supetficie en cueva A-113.

Figure 13. Bivariant scattering plot for measures m1 (1), first lower molar lenght, and m1 (a.«), first lower
molar talonid weidth; grey areas represent the 95% confidence ellipse for each taxa according to the
data set recopilated on Galan et al. (2018b), n: number of measured specimens, measurements in mm.
Points 1, 2, 3 and 4: individuals recovered from the surface of cave B-9; 5: individual recovered from the
sediment of cave B-9; 6: individual recovered from the surface of cave C-11; 7: individual recovered from
the surface of cave A-99; 8, 9, 10, 11 y 12: individuals recovered from the surface of cave A-113.

Distribucién y habitat actual: esta especie esta presente en casi toda la peninsula
ibérica, asi como en el area de influencia mediterranea de Europa y Asia. En general, establece
sus colonias en cavidades karsticas localizadas en entornos de pradera, estepa y habitats
ablertos en general (también areas agricolas), y evita las grandes masas forestales donde
domina M. myotis (Dietz et al. 2009; Palomo et al. 2007). De acuerdo con Palomo et al. (2007)
la presencia a mayor altitud registrada en Espafia es 2100 m s. n. m. en Sierra Nevada, y la
colonia de crfa a mayor altitud conocida en el pafs se sitda a 1380 m s. n. m., en el Sistema
Central. En Aragén, se ha registrado a cotas entre los 224 m y los 269 m de altitud (Alcalde et
al. 2008).
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Taxén n elem n elem n elem
2 mtcp II 2 mtcp III 2 mtcp III (fr)
Vespertilionidae indet. 2 mtep V 2 mtcp (fr) 1 ra(fr)
1 d 2t (fr)
1 cr 1 mx 1 C
3 md 1 md (D) 1 md (D)
2 ml 1 m3 1 co
2 clav 2 esc 1 est (ma)
Myotis myotis 1 est(b) 4  hu 1  hu (fr)
4 ra 1 ra(fr) 2 mtep II
2 mtcp III 2 mtcp V 1 pelv
1 sac 2 fe 3 4
1 fi 10 cost 8 wvert
6 cr 1 cr(fr) 5 C
1 M3 16 md 1  md (fr)
15 i 5 ¢ 21 pindet
2 p4 2 ml 1 m2
6 co 3 at 2 ax
10 clav 11 esc 1 esc (fr)
Myotis blythii 4  est (ma) 7  est(b) 18 hu
3 hu (fr) 18 ra 1  ra(fr)
14  mtcp II 14  mtcp III 13 mtep IV
1 mtcp IV (fr) 11 mtep V 2 mtcp (fr)
41 mtpd indet 7  pelv 1 pelv (fr)
3 sac 2 fe (fr) 10 fe
2 fi 12 d 60 vert
51 cost
3 md 1 esc 4 hu
Myotis bechsteinii 5 r 1 ra(fr) 2 mtcp II
1 mtep 1T 1 mtepV 2 mtpd indet
1 pelv 1 d 1 vert
2 cr 1 mx 1 I
5 md 1 pindet 2 co
1 at 4  clav 4 esc
2 esc (fr) 1  est(ma) 6 hu
Myotis mystacinus 8§ ra 1 ra(fr) 3  mtcp II
3 mtcp III 2 mtep IV 2 mtep V
2  mtpd indet 3 pelv 1 sac
1 fe 2 d 7 vert
20  cost
2 cr 1 cr(fr) 1 mx
2 C 1 Ml 7 md
1 ¢ 1 p4 1 at
1 ax 2 clav 2 esc
1 est(ma) 1 est(b) 6 hu
Plecotus sp. 7 hu (fr) 10 ra 4 ra (fr)
4  mtcp II 5 mtcp III 4  mtcp IV
4 mtcp V 13 mtpd indet 3 pelv
1 sac 4 fe 2 fe (fr)
2t 2 fi 12 vert
16 cost

Tabla 1. Lista de material estudiado, n: nimero de elementos, elem: elemento, ct: craneo, mx: maxilar,
I: incisivo superior, C: canino superior, P: premolar superior, M: molar superior, md: mandibula, i:
incisivo inferior, c: canino inferior, p: premolar inferior, m: molar inferior, co: coclea, at: atlas, ax: axis,
clav: clavicula, esc: escapula, est (ma): manubrio esternén, est (b): cuerpo esternén, hu: himero, ra:
radio, mtcp: metacarpo, mtpd: metapodial, pelv: pelvis, sac: sacro, fe: fémur, ti: tibia, fi: fibula, vert:
vértebra, cost: costilla, fr: fragmento.

Table 1. List of studied material, n: number of elements, elem: element, cr: cranium, mx: maxilla, I:
upper incisive, C: upper canine, P: upper premolar, M: upper molar, md: mandible, i: lower incisive, c:
lower canine, p: lower premolar, m: lower molar, co: cochlea, at: atlas, ax: axis, clav: clavicle, esc:
scapula, est (ma): sternum manubrium, est (b): stetnum body, hu: humerus, ra: radius, mtcp:
metacarpal, mtpd: metapodial, pelv: pelvis, sac: sacrum, fe: femur, ti: tibia, fi: fibula, vert: vertebra, cost:
rib, fr: fragment.
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MiI Ml M2 M2 M3 M3 ml ml ml m2 m2 m2 m3 m3 m3
@ & @ W @) ) O (g (@ O @ () O (g ()
n 2 2 2 2 2 2 1 1 1 2 1 2
min 2,52 3,01 217 287 219 1,84 2,04 0,88
. . max 254 309 228 290 220 1,85 236 1,69 1,88 218 1,558 0,94
Myotis myotis i
M 256 3,17 238 293 221 1,85 231 1,00
SE 0,02 0,08 0111 0,03 0,01 0,01 0,14 0,06
SD
n 6 6 6 6 6 6 10 10 10 10 10 10 10 10 10
min 197 206 216 2,62 1,82 238 187 121 137 191 1,19 132 1,76 124 0,88
. .. max 213 224 226 267 197 252 201 127 147 205 139 149 183 130 0,94
Myotis blythii
M 230 240 240 280 220 280 215 133 152 220 147 1,63 192 142 1,01
SE 005 005 004 003 005 007 003 001 001 003 003 003 002 002 001
SD 0413 0,11 009 007 013 0116 009 003 005 009 009 008 006 006 0,04
n 3 3 3 3 3 3 3 3 3
min 1,28 0,88 099 138 099 1,04 136 091 0,69
Myotis max 1,40 094 1,03 146 1,00 1,08 1,39 094 0,70
bechsteinii M 148 098 107 155 1,02 116 146 096 072
SE 0,06 003 002 005 001 004 003 002 001
SD 0,10 0,05 0,04 0,09 002 0,07 006 0,03 0,02
N 2 2 3 3 1 1 1 1 1 2 2 2 2 2 2
min 127 1,32 120 153 1,13 146 1,23 0,79 081 1,03 0,70 0,77 094 0,62 049
Myotis max 129 133 127 1,58 1,13 146 123 079 081 1,13 077 079 1,03 0,67 0,55
mystacinus M 131 133 132 166 1,13 146 123 0,79 081 123 083 080 1,11 071 061
SE 002 001 004 004 0,10 0,07 0,02 009 005 0,06
SD 0,03 001 006 0,07 0,14 0,09 0,02 0112 0,06 0,08
n 3 3 3 3 2 2 3 3 3 3 3 3 2 2 2
min 132 157 130 1,65 1,19 1,63 1,26 086 095 1,17 091 098 102 089 0,61
Plecotus max 136 1,61 137 1,76 123 1,69 134 094 101 128 095 099 1,09 092 0,63
austriacus M 141 168 143 181 127 1,75 140 1,03 106 134 099 100 1,16 094 064
SE 003 003 004 005 004 006 004 005 003 005 002 001 007 003 002
SD 005 006 007 009 006 008 007 009 006 009 004 001 0,10 0,04 0,02

Tabla 2. Medidas molares (en mm) de las especies de murciélagos

identificadas; n: numero de
especimenes; min: minimo; max: maximo; M: media; SE: error estandar; SD: desviacion estandar.

Table 2. Molar measurements (in mm) of the identified bat species; n: number of specimens; min:
minimum; max: maximum; M: media; SE: standard error; SD: standard deviation.

Mpyotis bechsteinii Kuhl, 1817 (murciélago ratonero forestal)

El material asighado a esta especie (Tabla 1, Figura 11j), procedente de las cuevas B-9 y
D-2, presenta la morfologia tipica de las especies de murciélagos ratoneros (ver descripcion
género Myotis), pero pertenece a una especie de talla media. Los elementos craneales
recuperados presentan tamanos dentro de la variacion de Myotis bechsteinii (Tabla 2) y
superiores a los otros taxones similares en morfologia (como Myotis emarginatus y Myotis
nattereri). Los himeros recuperados presentan una epifisis distal con el proceso estiloide poco
desarrollado hacia mesial caracteristico de M. bechsteinii; ademas su tamafio es superior al de los
hiameros de otros Myotis de talla media como M. emarginatus, M. natterers, Myotis danbentonii o
Myotis brandtii. Los radios recuperados presentan una supetficie articular (en la epifisis
proximal) con buen desarrollo del proceso proximal en forma de punta; el grosor y longitud
de la barra longitudinal y la abertura en angulo obtuso de la unién entre la barra longitudinal y
proximal son diagnésticos de M. bechsteinii (Dodelin 2002). El tamafio también coincide con el
material de referencia consultado.

Distribucién y habitat actual: esta especie esta presente en la franja norte y central, y
parte del sur de la peninsula ibérica, asf como en la mayor parte del area continental de Europa
occidental y central y el sur de Gran Bretana (Dietz et al. 2009; Palomo et al. 2007). Aunque
no es una especie frecuente en Europa, aparece fuertemente ligada a los bosques caducifolios
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maduros, donde utiliza los arboles como refugio, aunque en ocasiones también ocupa
cavidades karsticas (Dietz et al. 2009). En Espafia también habita bosques de coniferas, y su
registro a mayor altitud registrada es de 1500 m en el Sistema Central (Palomo et al. 2007). De
acuerdo con Alcalde et al. (2008), su presencia en Aragén solo ha sido confirmada en Teruel;
la escasez de datos a pesar de los intensos muestreos indica una poblaciéon muy reducida en
esta comunidad auténoma.

: Myotis mystacinus Kuhl, 1817 (muciélago ratonero bigotudo)

El material asignado a esta especie (Tabla 1, Figura 11a, e, h), procedente de las cuevas
B-9, A-113 y D-2, presenta la morfologia tipica de los murciélagos ratoneros (ver descripcion
género Myotis), pero pertenecen a un taxén de talla muy pequefia. Los restos dentales y
mandibulares presentan tamafnos dentro de la variacién de esta especie (Tabla 2). Un individuo
fue recuperado in situ, donde practicamente todos los elementos del esqueleto craneal y
postcraneal estaban representados. Los humeros y radios encontrados aislados presentan
tamafos dentro de la variabilidad de esta especie e inferiores a los de los otros Myotis de talla
pequena presentes en la peninsula ibérica, de acuerdo con Felten et al. (1973), Dupuis (1986) y
Dodelin (2002).

Distribuciéon y habitat actual: esta especie esta presente en la mitad norte de la
peninsula ibérica, asi como en la mayor parte del area continental de Europa occidental y
central, el sur de las islas britanicas, el sur de Escandinavia y algunas areas de influencia
mediterranea de Oriente proximo (Dietz et al. 2009; Palomo et al. 2007). Puede cazar en una
amplia diversidad de hébitats, tanto areas abiertas como zonas forestales (preferentemente a lo
largo de cursos fluviales) (Dietz et al. 2009). En Espana habita principalmente las areas
montafiosas densamente forestadas de la mitad norte, y aunque no es una especie tipicamente
cavernicola, en invierno puede refugiarse en cuevas de baja temperatura y alta humedad. En el
Pirineo de Huesca, se ha registrado a cotas entre los 656 m y los 1965 m de altitud (Alcalde et
al. 2008).

4.1.1.2. Plecotus Geoffroy Saint-Hilaire, 1818 (murciélagos orejudos)

Este género de quirdpteros pose denticion myotodonta, con férmula dental
2.1.2.3/3.1.3.3. Algunas diferencias morfolégicas craneales frente a otros myotodontos de talla
media y misma férmula dental son: craneos con bulla timpanica de gran tamano, la forma
cuadrangular de la rama mandibular con el proceso condilar relativamente alto y solo
ligeramente por debajo del coronoides y un proceso angular muy desarrollado y robusto, el
contorno subtriangular de P4 con el talén desplazado hacia anterior, el contorno redondeado
de la base del protocono de M1 y M2, el cingulo regular en la base del protocono de M1, M2 y
M3, el contorno recto de la cara posterior de estos molares (sin concavidad a la altura del
metalofo) y el contorno cuadrangular de p4. La epifisis distal del humero presenta un
abultamiento en el extremo proximal de la unién entre troclea y condilo (en vista externa)
mientras que otros vespertilionidos de talla similar presentan un adelgazamiento. La epitroclea
es completamente visible en vista externa mientras que en otros vespertilionidos aparece
parcialmente oculta por la tréclea. La epifisis proximal del radio presenta una fosa de insercién
del biceps con la barra transversal mucho mas fina que la de otras especies de morfologia y
tamafno semejante (e.g. Myotis de talla media y pequefia).

. Plecotus sp.

El material asignado a este género, pero con atribucién incierta de la especie (Tabla 1,
Figura 11c, g, i), procede de los yacimientos B-9, B-8 y D-2 y presenta la morfologia tipica de
las especies de Plecotus. Las medidas craneales tomadas (Figura 14) se encuentran
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Figura 14. Graficos univariantes de comparacién de cuatro medidas craneales (en mm) del complejo
Plecotus. C-M3: distancia entre el canino y el tercer molar superiores; LCB: longitud condilobasal; c-
m3: distancia entre el canino y el tercer molar inferior; Lmd: longitud total de la mandibula. 1: rango de
valores de referencia para Plecotus auritus (tomados de Menu & Popelard 1987); 2: rango de valores de
referencia para Plecotus austriacus (tomados de Menu & Popelard 1987); 3, 4 y 5: individuos
recuperados en superficie en cueva B-9 (circulos blancos); 6, 7, 8 y 9: individuos recuperados en el
sedimento de cueva B-8 (circulos grises).

Figure 14. Univariate comparative graphs of four cranial measurements (in mm) of the Plecotus
complex. C-M3: distance between the maxillary canine and third molar; LCB: condilobasal length; c-
m3: distance between the canine and the lower third molar; Lmd: total length of the jaw. 1: range of
reference values for Plecotus auritus (taken from Menu & Popelard 1987); 2: range of reference values
for Plecotus austriacus (taken from Menu & Popelard 1987); 3, 4 and 5: individuals recovered on the
surface in cave B-9 (white circles); 6, 7, 8 and 9: individuals recovered in cave sediment B-8 (gray
circles).

mayoritariamente dentro del rango de variabilidad de la especie Plecotus aunritus (de acuerdo con
Menu & Popelard 1987). El tamano de los molares (Tabla 2) se encuentra dentro de los rangos
de variabilidad de Plecotus auritus Linnaeus, 1758 y Plecotus austriacus Fischer, 1829 (de acuerdo
con Dupuis 1986; Sevilla 1988). Por el contrario, los P4 observados no presentan cuspide
cingular anterior, y los humeros presentan una epifisis distal con la unién entre epitroclea y
proceso estiloide recta; ambos caracteres se consideran propios de P. austriacus frente a P.
auritus (Balcells 1963; Sevilla 1988; Felten et al. 1973; Dupuis 1986). Finalmente, cabe sefialar la
presencia de una tercera especie de este género, Plecotus macrobullaris Kuzyakin, 1965, en la
peninsula ibérica actualmente (citada por primera vez en los Pirineos, Garin et al. 2002). De
acuerdo con Spitzenberger et al. (2000), P. macrobullaris presenta en términos generales medidas
craneales intermedias entre las otras dos. Asi, el diametro de la bulla timpanica es mucho
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mayor que el P. auritus pero menor que en P. austriacus; la altura del craneo es similar a P.
austriacus pero mayor que P. auritus; por otro lado, el indice de elongacién del rostro (C-
M3/LCB, distancia entre el canino y el tercer molar supetiores/longitud condilobasal) es
también superior al de P. awritus pero inferior al de P. austriacus. Las oberservaciones
morfoldgicas realizadas sobre el material estudiado aqui descartan su pertenencia a P. auritus o
P. austriacus, pero los parametros métricos no bastan para asignar con certeza dicho material a
P. macrobullaris.

Distribucion y habitat actual: P. auritus esta presente en la mitad norte de la peninsula
ibérica, asi como en la mayor parte de la Europa continental y las islas britanicas; P. austriacus
esta presente en toda la peninsula ibérica y en la mayor parte del area continental de Europa
occidental y central; P. macrobullaris es una especie tan solo conocida en areas puntuales de los
Pirineos, los Alpes, la costa balcanica, el Caucaso y Anatolia (Dietz et al. 2009; Palomo et al.
2007). Aunque las tres especies ocupan habitats diversos, la primera especie muestra en
general preferencia por las areas boscosas, la segunda por las zonas mas abiertas y la ultima
por los ambientes montafiosos tanto de bosque como de roquedo (Dietz et al. 2009). Las tres
han sido registradas en Espafia y/o Europa en altitudes supetiores o en torno a los 2000 m
(Dietz et al. 2009; Palomo et al. 2007). De acuerdo con Acalde et al. (2008) en Aragéon P.
anritus ha sido citado a cotas entre 1010-1965 m s. n. m. y P. austriacus entre 160-1483 m s. n.
m. El récord en Espafa lo tiene P. macrobullaris, registrado a una altitud de 2800 m en los
Pirineos; esta especie ha sido observada, ademas, hibernando en cuevas heladas a mas de 2100
m s. n. m. (Palomo et al. 2007).

B-9 B-8 c-1 A-99/ A-113 D-2 TOTAL
A-31

Myotis myotis 2 (1) 3
Mpyotis blythii 2 (5 ) “ 2 (10)
Myotis bechsteinii 1 1 1(1) 3
Myotis mystacinus 1(1) 1 M 3 5(1)
Plecotus sp. 4 (3) 4 1 93

Vespertilionidae indet. X X X

TOTAL 8 (9) 6 @) ) (6) 5() 38

Tabla 3. Minimo numero de individuos por taxon y yacimiento: sin paréntesis, individuos recuperados
del relleno sedimentario; entre paréntesis, individuos hallados en superficie.

Table 3. Minimum number of individuals per taxon and cave-site: without parentheses, individuals
recovered from the sedimentary fill; in parentheses, individuals found on the surface.
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Figura 15. Composicién del conjunto de quirdpteros fosiles recuperados en el relleno sedimentario de
cada yacimiento (cuevas B-9, B-8 y D-2) en términos de abundancia relativa (Ri) de los principales
elementos esqueléticos presentes, nimero absoluto de elementos sobre cada barra; cr: craneo; mx:
maxilar; md: mandibula; m: molar; clav: clavicula; esc: escapula; hu: himero; ra: radio; mtcp (II-V):
metacarpos 2° a 5% pelv: pelvis; fe: fémur; ti: tibia.

Figure 15. Composition of the fossil bats assemblages recovered from the sedimentary filling of each
site (caves B-9, B-8 and D-2) in terms of relative abundance (Ri) of the main skeletal elements present,
the absolute number of elements is indicated over each bar; cr: cranium; mx: maxilla; md: mandible; m:
molar; clav: clavicle; esc: scapula; hu: humerus; ra: radius; mtcp (II-V): metacarpals 2nd to 5th; pelv:
pelvis: fe: femur; ti: tibia.

4.2. Estado de conservacion de los restos
4.2.1. Caracterizacion de la tafocenosis de B-9, B-8 y D-2
Se han recuperado restos fésiles correspondientes a un minimo de ocho individuos del

relleno sedimentario de la cueva B-9, seis individuos en la cueva B-8 y 5 en la cueva D-2
(Tabla 8). Presentan diversas coloraciones, que comprenden desde el pardo al beige de los
restos recuperados en la cueva B-9, el castafio mas anaranjado de los restos recuperados en la
B-8, y los tonos claros (beige y blanco) de los restos procedentes de la D-2. No se observan
marcas de disolucion en el esmalte de las piezas dentales recuperadas, y tampoco sobre la
supetficie de los huesos a excepcién de dos mandibulas procedentes de la cueva B-8 (Figura
11c). Algunos especimenes puntuales procedentes de la cueva B-9 presentan pequefias marcas
de 6xido de manganeso en la superficie. El material recuperado en los niveles fosiliferos se
caracteriza por una infrarrepresentacion de elementos craneales, mientras que el elemento mas
abundante (en términos de Ri) en los tres casos es el radio (Figura 15). Los especimenes de los
que se han recuperado piezas dentales presentan diversos grados de desgaste: nulo, moderado
e intenso (ver Tabla 8); sin embargo, los elementos del esqueleto postcraneal recuperados en
los tres yacimientos presentan en todos los casos las epifisis fusionadas, por lo que se descarta
la presencia de especimenes infantiles.

166



M. myotis M. blythii M. bechsteinii M. mystacinus  Plecotus sp.

a b c a b c a b c a b c a b c
E: B-9 1 1 1 1
B B-8 2
& D=2 1 1 1
B-9 2 2 1 3
“ C-11 3
& A-99 1
7 A-113 1 3 1 1
D-2 1

Tabla 4. Numero de individuos que pueden asignarse a un grupo de edad en base al desgaste dental
mostrado; a: subadulto (sin desgaste dental); b: adulto (desgaste dental moderado); c: adulto mayor
(desgaste dental intenso); sedim.: sedimento; superf.: superficie.

Table 4. Number of individuals that can be assigned to an age group based on the dental wear shown;
a: subadult (without dental wear); b: adult (moderate dental wear); c: old adult (intense dental wear);
sedim.: sediment; superf.: surface.

4.2.2. Caracterizacion de los restos en supetficie

Los restos de huesos subfosiles o subactuales recuperados presentan mayoritariamente
coloraciones claras (beige y blanco), a excepcion de los procedentes del revuelto superficial de
la cata realizada en la cueva B-9 y del espécimen recuperado in situ en la D-2, donde los
huesos presentan coloraciones parduscas oscuras. No se observan marcas de disolucion en el
esmalte de las piezas dentales recuperadas, pero la mandibula procedente de la cueva C-11
presenta una fuerte alteracion superficial por disolucién (Figura 11f). Los especimenes de los
que se han recuperado piezas dentales presentan diversos grados de desgaste, de nulo a
intenso (Tabla 8), aunque se descarta la presencia de especimenes infantiles al presentar los
huesos largos las epifisis fusionadas en todos los casos.

5. Discusion

5.1. Origen de la acumulacioén:

La ausencia de marcas de disoluciéon en los restos fosiles pertenecientes tanto al
esqueleto craneal como postcraneal (excepto dos casos puntuales en mandibulas de Plecotus sp.
en la cueva B-8) descartan la acciéon de predadores como principal agente acumulador (de
acuerdo con Andrews 1990, Bennasar 2010, Fernandez-Jalvo et al. 2016). La pérdida
diferencial de esqueleto craneal en la tafocenosis de las cuevas B-9, B-8 y D-2 habria sido
ocasionada por el transporte de los restos previo a su deposito. Los individuos recuperados
en superficie en las cuevas B-9 y D-2 (que aparecen en semiconexion anatéomica y con pérdida
de elementos esqueletales) pertenecen a especies presentes también en el relleno sedimentario
de B-9, B-8 y D-2. Los grupos de edad representados (todos excepto infantil, sin dominancia
de ningun grupo) no encajan con los patrones de mortandad de las colonias de cria (donde
predominan los restos de individuos infantiles) ni hibernacién (donde predominan los restos
de individuos subadultos y adultos mayores), de acuerdo con Sevilla (1986). La escasez de
individuos registrados también descarta la existencia de grandes agrupaciones de quirépteros
ocupando las cuevas de manera continuada. Por tanto, el origen mas probable de la
acumulacién registrada en el relleno sedimentario es la muerte por causas naturales de
individuos aislados que ocupaban estas cuevas como refugio, comportamiento que se ha
observado durante la época de hibernacién en la actualidad en las especies del género Myotis y
Plecotus registradas en estos yacimientos (Palomo et al. 2007; Dietz et al. 2009; ver los parrafos
de "Distribucién y habitat" de cada taxén, Apartado 4.1.).
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El origen la acumulacién de los individuos hallados en superficie es, sin duda, la
muerte de individuos que empleaban estas cuevas como refugio. Los restos no presentan
alteracion superficial a excepcion de uno de los individuos de Myotis myotis, recuperado en la
cueva C-11 (Figura 11f), donde las mandibulas presentan una fuerte disolucién. La ausencia de
huesos fracturados o de restos de otros pequefios vertebrados asociados hace poco probable
que se deba a un proceso de digestion. Por otro lado, la hidroxiapatita carbonatada (el mineral
que conforma los huesos) sufre disolucién parcial y recristalizacion al contacto continuado
con aguas a pH neutro o ligeramente basico bajo condiciones atmosféricas, y a pH ligeramente
acido el hueso se disuelve y desaparece (Berna et al. 2004). El goteo dentro de la cueva de
aguas ligeramente acidas, subsaturadas en calcita (dado que no habfa precipitados de carbonato
asociados a los restos) parece en este caso la causa mas probable de la disolucién de estos
restos, poniendo de relieve como este tipo de alteracion puede afectar a los restos éseos
acumulados en el interior de cavidades karsticas.

5.2. Marco paleoambiental, paleogeografico y de paleodiversidad

La diversidad de quirépteros fosiles del Cuaternario de los Pirineos (sierras interiores,
sierras exteriores y zonas limitrofes) es bastante alta si se consideran todos los yacimientos
conocidos, y consiste en un total de 21 especies. En Espafia: Rhinolophus ferrumequinum,
Rbinolophus enryale, Rhinolophus hipposideros, Myotis myotis, Myotis blythiz, Myotis bechsteinii, Myotis
emarginatus, Myotis sp., Eptesicus serotinus, Plecotus aunritus, Barbastella  barbastella, Pipistrellus
pipistrellus, Miniopterus schreibersii y Tadarida teniotis (Altuna 1972; Aranzadi & Barandiaran 1948;
Barandiaran et al. 1961, Barandiaran & Altuna 1977; Lopez-Garcia et al. 2011, 2013; Maroto et
al. 2012; Peman 1985; Peman 1994; Sesé 2014); en Francia: R. ferrumequinum, Rhinolophus
mehelyi/ enryale, R. euryale, R. hipposideros, M. myotis, M. bechsteinii, Myotis dasycneme, Myotis
daubentonii, Myotis sp., cf. Eptesicus nilsonii, P. auritus, Pipistrellus pipistrellus, Pipistrellus nathusi,
Vespertilio murinus, M. schreibersii y cf. Nyctalus leisler; (Clot 1980; Clot 1982; Clot 1983; Clot et al.
1984; Clot & Evin 1986; Hanquet 2011; Hanquet & Desclaux 2011; Eastham 1998; Mourer-
Chauviré 1975; Regnault & Jammes 1990; Sevilla & Chalin 2011). Sin embargo, de entre estos
yacimientos tan solo tres poseen cotas superiores a los 1000 m s. n. m.: la cueva C-4 o Cueva
de Los Batanes (transito Pleistoceno-Holoceno) a 1025 m s. n. m., donde aparecen las especies
R. ferrumequinum, R. euryale, Myotis sp. y M. schreibersii (Galan et al. 2018a); Olopte B
(Pleistoceno superior) a 1145 m s. n. m., donde aparecen las especies R. ferrumequinum,
Rhinolophus sp., M. myotis, M. emarginatus y P. aunritus (Lopez-Garcia 2011); y Gouffre TP 11 des
Toupiettes (Pleistoceno-Holoceno) a 1400 m s. n. m., donde se han registrado restos
asignados a Chiroptera indet. (Clot & Evin 19806). Las cuevas B-9, B-8 y D-2 presentadas en
este trabajo, son las primeras localidades pirenaicas en las que se cita registro fosil del orden
Chiroptera (de edades Pleistoceno Superior a Holoceno) en el rango altitudinal entre 1900-
2160 m s. n. m. En conjunto, presentan una mayor diversidad en la familia Vespertilionidae,
con cuatro especies representadas: M. blythii, M. bechsteinii, M. mystacinus y Plecotus sp. Estos
resultados suponen la primera cita de una especie del género Plecotus diferente a P. auritus, asi
como de la especie Myotis mystacinus en el Cuaternario de los Pirineos; también se trata de la
primera cita de Myotis mystacinus en el registro fésil de la peninsula. Por otro lado, la familia
Rhinolophidae no aparece registrada, lo que encaja con la distribucién actual de las cuatro
especies de Rhinolophus presentes en la peninsula ibérica, ausentes en los Pirineos en cotas por
encima de los 1600 m (Palomo et al. 2007; Alcalde et al. 2008). Los tres yacimientos B-9, B-8 y
D-2 se sittan a alturas superiores a los rangos de distribucién altitudinal actualmente
conocidos en la peninsula ibérica para las especies M. blythiz, M. bechsteinii y M. mystacinus,
representadas entre el material fosil estudiado (Palomo et al. 2007; Alcalde et al. 2008). Sin
embargo, la presencia de restos hallados en superficie pertenecientes a esas mismas especies en
varias de las cuevas prospectadas en Sects y Lecherines a similares alturas indica que estos
animales habitarfan estos ecosistemas en época muy reciente o en la actualidad, al menos de
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manera puntual. De especial relevancia es la presencia en las tres localidades de M. bechsteinii,
una especie considerada actualmente como poco frecuente (poblaciones muy reducidas) en la
comunidad auténoma de Aragén (Alcalde et al. 2008). El registro fésil de grandes mamiferos
de los tres yacimientos, basado en el binomio Ursus arcos 'y Capra pyrenaica pyrenazca (Sauqué et
al. 2015), asi como los restos de pequefios vertebrados registrados, mayoritariamente corvidos
junto con la presencia puntual de los roedores Arvicola sapidus, Chionomys nivalis y Microtus arvalis
(Sauqué et al. 2015, Nufiez-Lahuerta et al. 2018) constituyen asociaciones tipicas de ambientes
montafiosos, con especies presentes actualmente en la regiéon (con excepcion del faisanido
Bonasa bonasia registrado en la cueva B-8, presencia interpretada como relicto de una
distribuciéon mas amplia durante momentos frios del pasado, ver Nufiez-Lahuerta et al. 2018).
Las especies de quirdpteros registradas son coherentes con dichos datos paleontolégicos
previos, indicando unas condiciones climaticas durante el momento de acumulacién de los
depositos de tipo clima frio sin estaciéon seca (de acuerdo con la clasificaciéon de Koppen-
Geiger; Essenwanger 2001, Kottek et al. 2006) similares a las existentes en la actualidad
(AEMET & IM 2011), y la predominancia de los ambientes abiertos frente a las zonas
boscosas (es decir, el paisaje observable en la actualidad en las zonas prospectadas, ver Figura

1.

6. Conclusiones

La presencia del orden Chiroptera se ha constatado por primera vez en yacimientos
paleontoldgicos cuaternarios de los Pirineos por encima de los 1900 m s. n. m.: las especies
Myotis blythit, Myotis bechsteiniz, Myotis mystacinus y Plecotus sp. en la cueva B-9 (Pleistoceno
Superior-Holoceno); las especies M. bechsteinii, M. mystacinusy Plecotus sp. en las cuevas B-8 y D-
2 (Holoceno). Se trata de acumulaciones originadas por la muerte de estos animales en el
interior de las cavidades karsticas, que habrian utilizado como lugar de refugio, aunque nunca
formando grandes agrupaciones de individuos o colonias. En este trabajo se recoge la primera
cita de la presencia en el Cuaternario de los Pirineos (espafioles y franceses) de M. mystacinus asi
como de una especie del complejo Plecotus diferente a Plecotus anritus. Se presenta también el
registro fosil a mayor altitud de las especies M. mystacinus, Plecotus sp., M. blythii y M. bechsteinii
en el cuaternario de esta cadena montafiosa. El conjunto de restos fésiles, junto con los
individuos hallados en superficie en las cuevas prospectadas, pone de relieve la presencia
continuada en el tiempo (Pleistoceno Superior-Holoceno hasta la actualidad) de los taxones M.
blythii, M. bechsteinii, M. mystacinus y Plecotus sp., asi como la presencia reciente de M. myotis, en
un area que en cuanto a altitud y a cobertera vegetal se encuentra en el extremo (o fuera de los
limites) de las preferencias de habitat conocidas para estas especies en la peninsula ibérica hoy
en dia. Las especies de quirépteros identificadas, junto con el resto del registro paleontolégico
de los yacimientos B-9, B-8 y D-2 indican unas condiciones ambientales y climaticas durante el
momento de acumulacién de los depésitos similares a las existentes en la actualidad, con un
clima frio y humedo y predominancia de los ambientes abiertos frente a las areas boscosas.
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Discusion general

General discussion

En este capitulo se discuten las principales aportaciones de esta tesis. Los conjuntos foésiles de quirdpteros
procedentes de los nueve yacimientos presentados contribuyen a completar el conocimiento sobte el
orden Chiroptera en el Cuaternario ibérico, donde se presentan las primeras citas de las especies Barbastella
barbastellus (Pleistoceno Inferior, Gran Dolina, Burgos) y Myotis mystacinus (Holoceno, cuevas B-9, B-8 y D-
2, Huesca). Se discute la problemiética del registro del complejo de especies Myotis myotis/ Myotis blythii,
donde los datos aportados en la presente tesis apuntarfan a un escenario complejo de aparicién y
desaparicién sucesivas de la especie M. bhythii en la peninsula ibérica en contraposicion con el escenatio
generalmente aceptado que establece la llegada de esta especie a nuestra regién durante el Holoceno
Medio procedente de Europa del Este. El uso del orden Chiroptera como indicador indirecto
paleoclimatico y paleoambiental se discute a través del repaso de las principales metodologias empleadas
en el analisis de las asociaciones fésiles de pequefios mamiferos, donde los resultados de esta tesis apuntan
a la existencia de una correlacién entre los eventos paleoclimaticos indicados por distintos proxies y las
variaciones en la paleodiversidad de las asociaciones foésiles de quirdpteros. Por ultimo, se discute la
relacion entre las asociaciones de quiropteros fésiles presentes en un yacimiento y las evidencias de
ocupacién humana sincrénicas, donde trabajos anteriores ya habfan indicado que el tipo de uso de una
cavidad por parte de los quirépteros se ve modificada sustancialmente ante la presencia de humanos con
tecnologia Modo 3 o 4; los resultados de este trabajo apuntan a que la presencia de humanos con
tecnologia Modo 2 también afectaria a los quirdpteros que cohabitasen el refugio.

The main contributions of this thesis are discussed in this chapter. The fossil assemblages of bats from
the nine sites presented contribute to filling the gap of knowledge about order Chiroptera in the Iberian
Quaternary, with the first cites of the species Barbastella barbastellus (Iower Pleistocene, Gran Dolina,
Burgos) and Myotis mystacinus (Holocene, caves B-9, B-8 and D-2, Huesca). The problematic of the record
of the species complex Myotis myotis/ Myotis blythii is discussed, where the data provided in this thesis point
to a complex scenario of successive appearance and disappearance of M. blythii in the Iberian Peninsula as
opposed to the usually accepted scenario that establishes the arrival of this species to our region during
the Middle Holocene from Eastern Europe. The use of the order Chiroptera as an indirect palacoclimatic
and palacoenvironmental indicator is discussed through the review of the main methodologies used in the
analysis of fossil associations of small mammals, where the results of this thesis point to the existence of a
correlation between palacoclimatic events revealed by different proxies and the variations in the
palacodiversity of the bats fossil associations. Finally, the relationship between the bats fossil associations
registered in a site and the evidence of synchronous human occupation is discussed, where previous work
had already indicated that the type of cave-use by bats is substantially modified in the face of the presence
of human communities with Mode 3 or 4 technology; the results of this work suggest that the presence of
humans with Mode 2 technology would also affect the bats cohabiting the same refuge.
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1. El registro cuaternario del Orden Chiroptera en la mitad norte de

la peninsula ibérica. Vacio de registro y aportaciones.

El registro de quirdpteros fosiles en el Cuaternario de Espafia, si bien no es tan
abundante como el de otros mamiferos de pequefio tamafio, si es recurrente (Tabla 1, 2, 3, 4).
En los dltimos afos el nimero de trabajos dedicados a la paleontologia de los murciélagos del
Cuaternario de Espafia y Portugal se ha incrementado considerablemente. En el caso que aqui
nos ocupa (el Cuaternario de la mitad norte peninsular), existen mas de 60 localidades
arqueologicas y paleontoldgicas publicadas con restos fosiles del orden Chiroptera;
aproximadamente el 70 % de estos trabajos han sido publicados en los ultimos 10 afios (ver
Tabla 1, 2, 3, 4). En esta tesis se ha contribuido al conocimiento del registro fosil de este
grupo de mamiferos mediante el estudio de cuatro yacimientos bien conocidos y cuyos
quirépteros habfan sido analizados de forma preliminar (la Unidad Inferior Roja de la Sima del
Elefante, la Gran Dolina, la Sima de los Huesos y la unidad GlIIa del yacimiento Trinchera
Galerfa, en la Sierra de Atapuerca, Burgos), junto con el estudio paleontolégico de cinco
nuevos yacimientos cuyos quirdpteros fosiles se ha publicado por primera vez (Aguilén P-7 en
el Valle del Ebro, Zaragoza, y Los Batanes, la cueva B-9 (Brecha del Rincén), la cueva B-8 y la
cueva D-2 en los Pirineos, Huesca). A continuacion, se discuten las aportaciones a los
aspectos de diversidad y distribucién paleogeografica de las especies presentes en el registro
cuaternario de la mitad norte de la peninsula ibérica.

1.1. Pleistoceno Inferior

Los datos aportados aqui corresponden a la revision del registro de quirépteros de la
Unidad Roja Inferior (TELRU) de la Sima del Elefante (Cuenca-Bescoés et al. 2013) y las
unidades TD3 a TDG6 de la Gran Dolina (Cuenca-Bescos et al. 2015; Galan et al. 2016a;
Lépez-Antonanzas & Cuenca-Bescds 2002), dos yacimientos de la Trinchera del Ferrocarril de
la Sierra de Atapuerca (Burgos). Han sido identificados los siguientes taxones: Rhinolophus
Sferrumeguinum, Rhinolophus mebelyi, Myotis myotis, Myotis bechsteinii, Myotis nattereri, Myotis capaccini,
Myotis sp., Plecotus austriacus, Barbastella barbastellus, cf. Eptesicus y Miniopterus schreibersii (Galan et
al. 2016a; Capitulo 4).

El registro de quiropteros fosiles de esta edad en la mitad norte de la peninsula ibérica
es muy escaso, solo otro yacimiento contiene fosiles de quirdpteros: Pontén de la Oliva en
Madrid (Sesé & Ruiz-Bustos 1992, Tabla 1), con presencia de R. cf. mebelyii, M. cf. myotis y
Plecotus ct. aunritus. Sin embargo, la mayoria de los taxones registrados en Atapuerca aparecen
ya desde finales del Plioceno en la mitad sur peninsular: R. ferrumeguinum, M. myotis, M. natterers,
Eptesicus sp. y M. schreibersit, junto con Plecotus sp. en Almenara-Casablanca 4 (Castellon, Agusti
et al. 2011); desde el Pleistoceno Inferior, con cronologia anterior al nivel TE7: R. mebelyi en
Quibas (Murcia, Sevilla et al. 2014); y en el Pleistoceno Inferior con cronologia similar a las
unidades TD5 y 6: M. bechsteinii en Cueva Victoria (Murcia, Sevilla 2012).

Entre los resultados de este trabajo, destaca la primera cita en el Pleistoceno Inferior
de la Peninsula de la especie B. barbastellus, en la unidad TD3-4 (Capitulo 4) con una edad
minima de 0,9 Ma para el nivel TD4 (Alvarez-Posada et al. 2018). Considerando el conjunto
de la peninsula, se advierte una distribucién paleogeografica amplia para un primer grupo de
especies compuesto por los taxones R. ferrumequinum, R. mebelyi, M. myotis y M. schreibersii
(coincidentes con las especies mas frecuentes en Atapuerca; Figura 1, 2) junto con cf. Epfesicus
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(Galan et al. 2016a, Capitulo 4), que probablemente se extendiese por todo el territorio ibérico
desde el inicio del Pleistoceno Inferior e incluso el final del Plioceno (Agusti et al. 2011; Galan
et al. 20106a; Sevilla et al. 2014; Capitulo 4). Por otro lado, se observa un segundo grupo de
especies que aparece en la mitad norte peninsular por primera vez a partir de la unidad TD3-4
(Capitulo 4) compuesto por M. bechsteinii, M. natterers, M. capaccinii, P. austriacus y B. barbastellus.
De entre ellos, solo M. nattereri aparece citado en el sur peninsular en cronologias anteriores
(Agusti et al. 2011), y M. bechsteinii en cronologias similares (Sevilla 2012). En el caso de M.
nattereri, podria ser un indicio de su llegada mas tardia a la mitad norte peninsular procedente
de poblaciones del sur. En todo caso, el registro del orden Chiroptera en el Pleistoceno
Inferior es todavia demasiado fragmentario como para aventurar una hipotesis

paleogeografica. Futuros trabajos de ampliacién seran decisivos en este sentido.
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Figura 1. Presencia de las especies de quir6pteros euconstantes en los yacimientos ibéricos del
Cuaternario; a: Rhinolophus ferrumequinum; b: Myotis myotis (puntos blancos indican Myotis
myotis/blythii); c: Miniopterus schreibersif; en sombreado rojo distribucion actual de estas especies en
la peninsula ibérica.

Figure 1. Presences of euconstant bat species in the Quaternary Iberian palaeontological sites; a:
Rhinolophus ferrumequinum; b: Myotis myotis (white spots indicate Myotis myotis/blythii); c:
Miniopterus schreibersii, the current distribution of these species in the Iberian Peninsula is shaded in
red.

1.2. Pleistoceno Medio
Los datos aportados aqui corresponden a la revision del registro de quirépteros de las

unidades del Pleistoceno Medio de la Gran Dolina, TD8 a TD10 (estudiado de forma
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preliminar en Cuenca-Bescos et al. 2015; Galan et al. 2016a; Lopez-Antofianzas & Cuenca-
Bescos 2002), las unidades LU-6 y LU-11 de la Sima de los Huesos (estudiado de forma
preliminar en Cuenca-Bescos et al. 1994, 1997; Gil & Sesé 1991) y la subunidad GIIla de
Trinchera Galerfa (estudiado de forma preliminar en Cuenca-Bescés & Garcfa 2007; Cuenca-
Bescos et al. 1999a; Galindo-Pellicena et al. 2011), todos ellos yacimientos de la Sierra de
Atapuerca (Burgos). Los siguientes taxones han sido identificados: Rhinolophus ferrumequinum,
Rbinolophus mebelyi, Rhinolophus euryale, Myotis myotis, Myotis blythii, Myotis sp., Plecotus austriacus y
Miniopterusschreibersii (Capitulo 4, 5). El registro de quirdpteros fosiles de edad Pleistoceno
Medio en la mitad norte de la peninsula ibérica es escaso, aunque ligeramente mas amplio que
en el caso anterior (Tabla 2). Todas las especies registradas en los yacimientos revisados de la
Sierra de Atapuerca aparecen con mayor o menor frecuencia en los yacimientos ibéricos de
esta cronologfa en la mitad norte peninsular excepto M. blythii y P. austriacus (Tabla 2).
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Figura 2. Presencia de las especies de murciélagos de herradura de talla mediana en los yacimientos
ibéricos del Cuaternario; a: Rhinolophus mehelyf, b: Rhinolophus euryale (puntos blancos indican
Rhinolophus eutyale/mehelyi); en sombreado rojo distribucion actual de estas especies en la peninsula
ibérica.

Figure 2. Presences of the medium-sized horseshoe bats species in the Quaternary Iberian
palacontological sites; a: Rhinolophus mehelyi, b: Rhinolophus euryale (white spots indicate
Rhinolophus euryale/mehelyi); the current distribution of these species in the Iberian Peninsula is
shaded in red.

Aparte del material de la Sima de los Huesos no existen citas de M. bhthii en la
peninsula ibérica en cronologias del Pleistoceno Medio (Capitulo 5), y hay una unica cita de
cronologia anterior en Almenara-Casablanca 3 (Castellén), en el sur de Espafia (Pleistoceno
Inferior, Agust{ et al. 2011); en el caso de P. austriacus, aparece en niveles del Pleistoceno
Inferior de la Gran Dolina en Atapuerca (Capitulo 4) pero su presencia en la unidad TDS8 es el
unico registro en el Pleistoceno Medio de la mitad norte peninsular, aunque si que se cita su
presencia en el yacimiento de las Graja (Malaga), en el sur de Espana (Sevilla 1988).
Considerando el conjunto de los yacimientos de la mitad norte peninsular, la diversidad
registrada en Atapuerca es solamente comparable a la del yacimiento de Guardo (Palencia,
Sevilla 1988), y considerablemente superior a la del resto de localidades (Tabla 2). Sin
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embargo, es llamativa la ausencia o escasa representacion en Atapuerca de ciertos taxones
como los Myotis de talla pequefia y otros vespertiliénidos no trogléfilos, que sin embargo si
aparecen en niveles del Pleistoceno Inferior de esta localidad (Tabla 1; Myotis bechsteinii, Myotis
capaccinus, Myotis nattererii y Barbastella barbastellus, Capitulo 4), y que estan presentes en otras
localidades del Pleistoceno Medio del norte peninsular (Tabla 2): Guardo y Pradena (Palencia
y Segovia respectivamente, con M. bechsteinii, M. nattereri y B. barbastellus, Sevilla 1988), y
Aridos-1 (Madrid) (con Pipistrellus sp., Lopez-Martinez et al. 1980). Este tipo de especies
aparecen también en yacimientos del Pleistoceno Medio del sur peninsular: como las Grajas
(con registro de M. bechsteinii, M. nattereri, Myotis emarginatus, Nyctalus leislers, Pipistrellus pipistrellus
entre otros, Sevilla 1988), las Yedras (Granada, con registro de M. natterer, Sevilla 1988) y el
Higuerén (Malaga, con registro de M. emarginatus entre otros, Sevilla 1988). En términos
generales, se pueden distinguir dos grupos de especies en el Pleistoceno Medio de la mitad
norte de la peninsula ibérica. Un primer grupo formado por R. mebelyii, R. ferrumequinum, M.
myotis y M. schreibersii, especies troglofilas con tendencia a formar colonias (Dietz et al. 2009;
Palomo et al. 2007) que aparecen de manera frecuente en los yacimientos de esta cronologia
(Tabla 2; Figura 1, 2a); las tres dltimas son especies euconstantes en la mayor parte del
Paleartico en la actualidad (Horacek et al. 2000) y el registro fosil evidencia una distribucion
amplia de las mismas ya desde el Pleistoceno Inferior (Tabla 1) y a lo largo del Pleistoceno
Medio (Tabla 2). Un segundo grupo estaria conformado por especies poco abundantes o
ausentes en el registro de la mitad norte peninsular en general, y en Atapuerca en particular
(Tabla 2); fundamentalmente son murciélagos vespertilionidos no trogléfilos (géneros Nyctalus,
Barbastella, Pipistrellus) que aparecen de manera puntual en ciertos yacimientos (Tabla 2, Figura
3), o especies que siendo troglofilas habituales u ocasionales poseen requerimientos ecologicos
mas especificos (algunas especies de Myotis de talla pequefia, o R. euryale, Tabla 2; Capitulo 4,
5). Por ultimo, se observa un comportamiento particular en las especies R. mebelyi y M.
schreibersiz. Siendo relativamente frecuentes a lo largo de todo el Pleistoceno Inferior y Medio
tanto en el registro de Atapuerca como del resto de la mitad norte peninsular (Tabla 1, 2;
Capitulo 4, 5), se observa en Atapuerca la desaparicion de ambas en dos momentos
correspondientes a la parte alta del Pleistoceno Medio: las unidades TD10 y GIII (Capitulo 4,
5). Las dos especies son especies termofilas, vinculadas al area mediterranea en la actualidad
(Dietz et al. 2009, Horacek et al. 2000; Palomo et al. 2007), por lo que su desaparicion
practicamente simultanea podria relacionarse con factores climaticos. Sin embargo, ambas
aparecen en las unidades LU-6 y LU-11 de la Sima de los Huesos (Capitulo 5), unidades de
cronologia similar a los niveles inferiores de TD10 (Arnold et al. 2014; Berger et al. 2008;
Falgueres et al. 1999; Moreno et al. 2015), y donde por tanto las condiciones climaticas serfan
semejantes. Las unidades TD10 y GIII se caracterizan entre otras cosas por el abundante
registro arqueoldgico de tecnologia perteneciente al Modo 2 (recopilacién de los datos de
registro tecnolédgico del Pleistoceno Inferior y Medio de la Sierra de Atapuerca en Ollé et al.
2013) por lo que la ausencia de registro de R. mehelyi y M. schreibersii en las mismas podria
también relacionarse con una menor tolerancia de estas especies a la presencia antrépica
(Capitulo 4, 5).

1.3. Pleistoceno Superior
El registro de quirépteros fosiles de edad Pleistoceno Superior en la peninsula ibérica

es abundante si se compara con el de cronologias anteriores. Han sido publicados mas de 40
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yacimientos localizados en la mitad norte peninsular (Tabla 3), donde aproximadamente el
50% del total de las especies que habitan en la peninsula ibérica en la actualidad (ver listado
actualizado en http://secemu.org) apatecen trepresentadas (Tabla 3). En general, los
yacimientos de esta edad en la mitad norte de la peninsula ibérica presentan una baja
diversidad de quirépteros, y solo una quinta parte de los yacimientos presentan mas de cuatro
especies registradas (Tabla 3).

Pleistoceno Pleistoceno Pleistoceno

; ; . Holoceno
Inferior Medio Superior

Figura 3. Yacimientos con presencia de al menos un taxén asignado a uno de los siguientes géneros
tipicamente no troglofilos: Barbastella, Nyctalus, Pipistrellus, Hypsugo, Tadarida.

Figure 3. Palaeontological sites with presence of at least one taxon assigned to one of the following non-
troglophiles genera: Barbastella, Nyctalus, Pipistrellus, Hypsugo, Tadarida.

Los datos aportados en este trabajo constituyen una nueva contribucion al panorama
general, y corresponden al registro de los nuevos yacimientos de AGP-7 (Estadio Isot6pico
Marino 3, Valle del Ebro, Zaragoza, Galan et al. 2016b) y los Batanes (final del Estadio
Isotépico 2, Prepirineo, Huesca, Galan et al. 2018a). Los taxones identificados en AGP-7 son:
Rbinolophus ~ ferrumequinum, Rhinolophus  hipposideros, Myotis myotis, Myotis  bechsteinii, Myotis
emarginatus, Myotis danbentonii, Myotis emarginatus/ danbentonii, Plecotus anritus/ anstriaucus, Hypsugo
savii vel Pipistrellus gt. kublii/ nathusii y Miniopterus schreibersii (Galan et al. 2016b); los taxones
identificados en los Batanes son: R. ferrumequinum, Rhinolophus euryale, Myotis sp. y M. schreibersii
(Galan et al. 2018a). Se trata en todos los casos de especies habituales en el registro de esta
cronologia en la mitad norte de la peninsula ibérica (Tabla 3). Destaca el emplazamiento de
estos dos nuevos yacimientos en un area geografica particularmente poco estudiada,
correspondiente con la Comunidad Auténoma de Aragén, donde tan solo las especies R
Sferrumeguinum, K. euryale, R. hipposideros y M. myotis habian sido citadas en el yacimiento de la
Cueva de los Moros de Gabasa (Estadio Isotépico 3, Huesca, Blasco-Sancho 1995), con lo
que se amplia de forma considerable el numero de taxones de los que se tiene constancia en el
Pleistoceno Superior de esta region. Es destacable la gran diversidad de especies representadas
el yacimiento AGP-7 a pesar del escaso numero de restos recuperados (Galan et al. 2016b).
Tan solo se conocen tres yacimientos espafioles de esta cronologia con una diversidad de
especies semejante o superior: la Carihiiela y la Cueva del Agua (ambos en Granada, mitad sur
peninsular) con 14 y 11 taxones registrados respectivamente (Sevilla 1988), y el Reguerillo
(Madrid) con 7 taxones registrados (Tabla 3; Sevilla 1988). Por otro lado, el yacimiento de los
Batanes aporta una de las escasas citas de R. exryale en el Pleistoceno Superior de la mitad
norte peninsular, unicamente registrado en otras tres localidades: Cueva de los Moros de
Gabasa, Los Casares (Guadalajara) y el Reguerillo (Tabla 3; Figura 2b). Por dltimo, en
términos generales se observa la misma tendencia que durante el Pleistoceno Medio, donde las
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especies euconstantes R. ferrumequinum, M. myotis y M. schreibersii (Figura 1) son con mucho las
mas frecuentes en los yacimientos de la mitad norte peninsular, y a menudo aparecen
asociadas en una misma localidad (Tabla 3). Sin embargo, destaca en este caso la relativa
escasez de registro de la especie R. mehelyi (Tabla 3; Figura 2a), mucho mas habitual en
cronologias anteriores (Tabla 1, 2) pero que en la actualidad presenta en la peninsula ibérica (y
en general en Europa) una distribucién muy fragmentaria (Dietz et al. 2009; Palomo et al.
2007).

1.4. Holoceno
El nimero de yacimientos holocenos con registro de quirdpteros foésiles en la

peninsula ibérica es inferior a los de edad Pleistoceno Superior, con 13 localidades publicadas
en la mitad norte peninsular (Tabla 4), y en términos generales la diversidad registrada es
también menor (Tabla 3, 4). Los datos aportados en este trabajo corresponden al registro de
tres nuevos yacimientos: la cueva B-9 (o Brecha del Rincén), la cueva B-8 y la cueva D-2,
localidades de alta montafia situadas en las Sierras Exteriores del Pirineo de Huesca (Capitulo
8). Los taxones registrados son: Myotis blythiz, Myotis bechsteinzi, Myotis mrystacinus y Plecotus sp.
(Capitulo 8). El emplazamiento de estos yacimientos es particularmente interesante: por un
lado, los resultados de este trabajo aportan las unicas citas de quirdpteros a inicios del
Holoceno de la Comunidad Auténoma de Aragdn; por otro, amplian el registro fosil del orden
Chiroptera en la vertiente ibérica de los Pirineos, tradicionalmente poco estudiada en
comparacion con la vertiente francesa (Capitulo 8). Los taxones registrados son en general
poco habituales o estan ausentes en el registro de la mitad norte peninsular de esta cronologia
(Tabla 4). Destaca la primera cita en el registro fosil ibérico de la especie M. mystacinus
(Capitulo 8) y la probable presencia en estas localidades de Plecotus macrobullaris (aunque la
asignacion se mantiene abierta a falta de los suficientes datos de comparacion, Capitulo 8). La
rareza de esta asociacién en comparacion con otros yacimientos geograficamente cercanos de
cronologias similares (Tabla 4) se debe probablemente a su condicién de localidades de alta
montafia: los tres yacimientos se sitan en un rango de altitud entre los 1900 y los 2160 m s. n.
m., para el que no existe mas registro en Espafa.
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Table 1. Fossil bats presence in the Early Pleistocene record of the northern Iberian Peninsula.
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Tabla 2. Presencia de quirépteros fosiles en el registro del Pleistoceno Medio de la mitad norte de la peninsula ibérica.

Table 2. Fossil bats presence in the Middle Pleistocene record of the northern Iberian Peninsula.
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Cueva Amutxate Sesé (2014) 45-80 X
AGP-7 Aguilén Galan et al. (2016b) 46-50 x X X X X X X X X
Cova del Gegant (II-1V) Lépez-Garcia et al. (2014b) 49,3-60 x X X o X
Olopte B Loépez-Garcia (2008) MIS 3 x X X X X
Cova del Muscle Lopez-Garcia (2008) MIS4 x X
Cueva de la Buena Pinta (U2) Baquedano & Laplana (2006) 634 x X X X X
Cova del Rinoceront (I) Daura et al. (2015) 74-147 =
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macizo del Garraf Villalta & Crusafont (1950) X
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74-147 X

Villacastin

Arribas (1994)

Tabla 3. Presencia de quirdpteros fosiles en el registro del Pleistoceno Superior de la mitad norte de la peninsula ibérica.

Table 3. Fossil bats presence in the Late Pleistocene record of the northern Iberian Peninsula.
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El Mirador (MIR4-MIR49) Bafiuls-Cardona (2017) 3,0-7,0  x X X X X X X
Cova Colomera (EE1) Oms et al. (2009) 3,6 X X X X
Cueva de El Mirén (2-10) Cuenca-Bescos et al. (2009) 3,7-9,5 X
Valdavara-1 (UU) Lépez-Garcia et al. (2011a) 4.4 X X
Cueva de Marizulo Altuna (1972) 5,3 =
Cueva de la Buena Pinta (U1) Baquedano & Laplana (2006) 5,6-5,7 X
Can Sadurni Milldn & Blanch (1989) 5,8
Cueva B-8 Capitulo 8 7,8 X
Cueva B-9 o Brecha del Rincon Capitulo 8 2
Cueva D-2 Capitulo 8
Uttiagako Leizea (B-C) Altuna (1972) ~87  x x X
Cova de la Guineu Galobart et al. (1991) 9,8
Cueva de la Ventana Sanchez-Marco et al. (2005) =
Ekain (V-1I) Zabala (1984) X

Tabla 4. Presencia de quirdpteros fosiles en el registro del Holoceno de la mitad norte de la peninsula ibérica.

Table 4. Fossil bats presence in the Holocene record of the northern Iberian Peninsula.
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2.  Elregistro fésil de especies cripticas. El caso de los murciélagos
ratoneros del complejo Myotis myotis/blythii en el Pleistoceno

peninsular

Los murciélagos ratoneros de talla grande forman un complejo de especies que se
extiende a lo largo del Paleartico occidental y para el cual la taxonomia no esta
satisfactoriamente resuelta (ver Arlettaz et al. 1997; Benda & Horacek 1995a, 1995b; Bogan et
al. 1978; Castella et al. 2000; Felten et al. 1977; Gulia 1913; Lanza 1959; Strelkov 1972; entre
otros). En la peninsula ibérica se reconocen actualmente dos especies: el murciélago ratonero
grande Myotis myotis Borkhausen, 1797 y el murciélago ratonero mediano Myotis blythii Tomes,
1857 (Palomo et al. 2007; http://secemu.otg). El anilisis biométrico realizado en Galan et al.
(2018b) del craneo y los molares de una muestra de poblaciones ibéricas actuales corrobora
que existen dos grupos con diferencias biométricas estadisticamente significativas
correspondientes a las dos especies M. myotis y M. blythii. E1 modelo de especiacion alopatrida
que se ha propuesto para estas dos especies consiste en un proceso de aislamiento de ambos
grupos en refugios glaciares dispersos en Europa Occidental y Asia, donde se habrian
originado las poblaciones actuales de M. myotis y M. blythii respectivamente (Furman et al.
2014). Los estudios moleculares datan la ramificaciéon entre los dos taxones en 560 ka BP,
Pleistoceno medio (Bogdanowicz et al. 2009). Diversos autores consideran que la peninsula
ibérica fue el punto de partida para la expansion de M. myotis hacia Europa Central y los
Balcanes, que estuvo ligada a la expansiéon de habitats boscosos durante los periodos
interglaciares de la transiciéon Pleistoceno-Holoceno (Ruedi & Castella 2003; Furman et al.
2014). Por otro lado, el momento de entrada de M. blythii en Iberia después de su expansion
hacia el oeste desde Asia no esta establecido con seguridad: si bien la mayoria de los autores
coinciden en que tuvo lugar con posterioridad a la salida de M. myotis, en el Holoceno medio
(Benda & Horacek 1995a; Sevilla 1989; Topal & Ruedi 2001), existen citas de la especie M.
blythii en yacimientos ibéricos cronologicamente anteriores (Pleistoceno Inferior: Almenara-
Casablanca 3, Agusti et al. 2011; Pleistoceno Superior: Cova Negra, Guillem 2009; Zafarraya,
Barroso et al. 2003, Barroso & Desclaux 2006; Cova Colomera CE15, Loépez-Garcia &
Cuenca-Bescos 2010; Tabla 5). Por este motivo, el estudio de las poblaciones ibéricas, y en
particular del registro fosil ibérico de este complejo, revierte un gran interés en relacién con su
historia evolutiva. La escasez previa de datos biométricos craneales y dentales basados en
poblaciones ibéricas (las cuales difieren ligeramente en talla de los de poblaciones procedentes
de otras zonas de Europa y de Asia, Benda & Horacek 1995b; Arlettaz et al. 1997) asi como de
otro tipo de herramientas para la comparacion y la diagnosis de restos craneales fragmentarios
han hecho que gran parte del registro ibérico cuaternario de este complejo permanezca con
asignacion abierta Myotis myotis/ blythii (Tabla 5; Galan et al. 2018b). Las herramientas aportadas
en Galan et al. (2018b) han permitido la identificacion de material fésil fragmentario
procedente de los yacimientos ibéricos cuaternarios de la Sima del Elefante (Pleistoceno
Inferior, Capitulo 3), la Gran Dolina (Pleistoceno Inferior y Medio, Capitulo 4), la Sima de los
Huesos (Pleistoceno Medio, Capitulo 5), Trinchera-Galeria (Pleistoceno Medio, Capitulo 5), la
cueva AGP-7 de Aguilén (Pleistoceno Superior, Capitulo 6) y la cueva B-9 o Brecha del
Rincén (Holoceno, Capitulo 8). Los resultados obtenidos indican la presencia continuada y
exclusiva de la especie M. myotis a lo largo del registro del Pleistoceno Inferior y Medio de
Atapuerca (Capitulo 3, 4, 5) con excepcién de la unidad LU-11 de la Sima de los Huesos,
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donde restos de las dos especies, M. myotis y M. blythiz, han sido identificados (Capitulo 5). En
el yacimiento AGP-7 de cronologia MIS 3 se ha identificado unicamente M. myotis (Capitulo
06), mientras que el relleno holoceno de la cueva B-9 muestra la presencia de M. blythii
(Capitulo 8). Asi pues, los resultados obtenidos en la Sima de los Huesos situarfan la presencia
de la especie M. bhthii en depésitos datados como Pleistoceno Medio (Capitulo 5), en
contraposicion con la idea de una entrada tardia de esta especie en la peninsula (Benda &
Horacek 1995a; Topal & Ruedi 2001; entre otros). Existe una cierta controversia referida a la
cronologia de la unidad LU-11 (ver discusién en Capitulo 5) puesto que las primeras
dataciones empleando "“C situaban el dep6sito de este nivel a finales del Pleistoceno Supetior
(Bischoff et al. 1997) mientras que trabajos mas recientes sitian la edad de este nivel en el
Pleistoceno Medio (Arnold et al. 2014). En todo caso, se tratarfa de un registro anterior al
Holoceno. Aunque poco numerosas, las citas de la especie M. bhthii en yacimientos
Pleistocenos de la peninsula ibérica (Agusti et al. 2011; Barroso et al. 2003; Barroso &
Desclaux 2006; Guillem 2009; Lopez-Garcia & Cuenca-Bescos 2010) estarfan en consonancia
con los resultados obtenidos en la Sima de los Huesos (Capitulo 5). Considerando el conjunto
de datos procedentes del registro fésil en la peninsula ibérica y los datos de distanciamiento
genético entre las especies M. myotis y M. blythiz, es posible que la historia evolutiva y de
distribucién paleogeografica de este complejo de especies presente una mayor complejidad
que el escenario propuesto previamente (Benda & Horacek 1995a; Furman et al. 2014, Sevilla
1989; Topal & Ruedi 2001; entre otros), comprendiendo diversos episodios de desaparicion y
aparicion de las poblaciones de Myotis blythii en la peninsula ibérica a lo largo del Pleistoceno.
Por el momento, y a la vista de los problemas derivados de las diferentes metodologias de
datacion absoluta, asi como de la problematica inherente a la diagnosis de ambas especies en el
registro fosil, no se puede rechazar ninguna de las dos hipodtesis. La realizacién de estudios
futuros mas extensos y la revisién del material con asignacién abierta y/o dudosa procedente
de distintos yacimientos del Pleistoceno ibérico arrojaran luz sobre esta cuestion.
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Yacimiento

\Myotis bythii

El Mirador (MIR4-MIR49)
Cova Colomera (EE1)
Les Cendres (III-II)
Les Cendres (III-II)
La Sarsa
Cova Bolumini
Cueva B-9 (Brecha del Rincon)
Urtiagako Leizea (B-C)
Cova de la Guineu
Ekain (V-II)
Laminak IT (I-IIT)
Gorham's Cave (III)
Estebanvela
Cueva de Erralla
El Mirador (MIR51)
El Portalon (P1-P16)
Cova de 1'Arbreda (A-F)
Maltravieso-Chimeneas
Aitzbitarte IV
Las Caldas
Cova de 1'Arbreda (G-H)
Gorham's Cave (IV)
Zafarraya
Cova Colomera (CE15)
Cova de Teixoneres (II-III)
Labeko Koba
Galls Carboners
Lezetxiki
Cueva Millan
Cova de I'Arbreda (I)
La Carihuela
Gabasa
AGP-7 Aguilon
Cova del Gegant (II-IV)
Olopte B
Cueva de la Buena Pinta (U2)
Cueva de Camino 5
E1 Reguerillo
Cuevadel Agua
Los Casares
Villacastin
Cova Negra
El Congosto
Mollet I (layer 5)
Elefante (TE18-19)
Galeria-Zarpazos (TGII-III)
Gran Dolina (TD8-10)
Pradena
Guardo
La Salema
Las Yedras

Edad &
R
(Ka BP §
Referencia /MIS) =
Bafiuls-Cardona (2017) 3,0-7,0
Oms et al. (2009) 3,6
Guillem (1999) 47
Guillem (1999) 6-7,5
Sevilla (1988) 6,7
Guillem (1999)
Capitulo 8
Altuna (1972) ~8,7
Galobart et al. (1991) 9,8 X
Zabala (1984) X
Peman (1994) 10,3-11,7  cf.
Lépez-Garcia et al. (2011c) 10,8-18,4
Sesé (2006) 11,0-15,0
Peman (1985) 12,3-16,5  x
Bafiuls-Cardona (2017) 14
Lépez-Garcia et al. (2010b) 16,9-30,3
Alcalde & Galobart (2002) 17-20 X
Bafiuls-Cardona et al. (2012) 18,7-19,7
Altuna (1972) 19,5 X
Laplana et al. (2000) 19,5 X
Alcalde & Galobart (2002) 22-28 X
Loépez-Garcia et al. (2011c) 23,2-32,5 X
Barroso et al. (2003); Barroso & Desclaux (20006) 27-33
Lopez-Garcfa & Cuenca-Bescos (2010) 30
Lépez-Garcia et al. (2012; 2014b) 30-90 X
Peman (2000) 30,6-34,2  cf.
Lopez-Garcia et al. (2014a) 31,2-314
Altuna (1972) X
Alvarez et al. (1992) 35,5 x
Loépez-Garcia & Cuenca-Bescéds (2010) 40 X
Sevilla (1988) 45,2 X
Blasco-Sancho (1995) 46,5 X
Galan et al. (2016b) 46-50 X
Lopez-Garcia et al. (2014b) 49,3-60
Lépez-Garcia (2008) X
Baquedano & Laplana (2006) 63,4
Arsuaga et al. (2012) 98,8
Sevilla (1988) X
Sevilla (1988)
Mingo-Alvarez et al. (2014) x
Arribas (1994) 74-147 X
Guillem (200) 96-107 X
Alberdi et al. (1977) X
Lépez-Garcia et al. (2014¢); Maroto et al. (2012) 215
Loépez-Garcia et al. (2011b) 250-300
Capitulo 5; Galindo-Pellicena et al. (2011) 250-500 X
Capitulo 4 337-610
Sevilla (1988)
Sevilla (1988)

Sevilla (1988)
Sevilla (1988)
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El Higuer6on Sevilla (1988) X
Las Grajas Sevilla (1988) X
Sima de los Huesos (LUG6 y 11) Capitulo 5 417-430 X X
Ponton de la Oliva Sesé & Ruiz-Bustos (1992) cf.
Gran Dolina (TD3-6) Capitulo 4 830-1070  x
Cueva Victoria Sevilla et al. (2012) X
Elefante (TE14-7) Galan et al. (2016a) ~1200 X
Quibas Sevilla et al. (2014) 1300 X
Almenara-Casablanca 1 Aguisti et al. (2011) X
Almenara-Casablanca 3 Aguisti et al. (2011) X

Tabla 5. Presencia del complejo de especies Myotis myotis/Myotis blythii en el registro del Cuaternario
de la peninsula ibérica.

Table 5. Presence of the species complex Myotis myotis/Myotis blythii in the Quaternary record of the
Iberian Peninsula.

3. El valor de las asociaciones de las especies del orden

Chiroptera como indicador paleoclimatico y paleoambiental
3.1. Consideraciones criticas y problematica del origen de la acumulacién

Diversos estudios muestran que el orden Chiroptera, como la gran mayoria de especies
de animales y plantas, es un grupo de mamiferos cuya diversidad y riqueza de especies a gran
escala esta fuertemente influida por el gradiente latitudinal junto con el area (McCoy &
Connor 1980 en Norteamérica; Horacek et al. 2000 en el Paleartico; Ulrich et al. 2007 en
Europa; entre otros). A su vez, la latitud serfa una variable sustitutiva correlacionada con otras,
principalmente climaticas, como la temperatura, la productividad, la precipitacion, la duracion
del dia o la duracién de las estaciones (Hawkins & Diniz-Filho 2004; Patten, 2004; Ulrich et al.
2007). Sin embargo, el empleo de este orden de mamiferos en algunas metodologias de
modelizacién bioclimatica ha arrojado resultados poco alentadores, con bajo poder
discriminante (por ejemplo, en Hernandez-Fernandez 2000). Algunos autores apuntan que, a
diferencia de otros grupos de mamiferos con gran aplicacion en modelos climaticos
predictivos como roedores o insectivoros (Currie 1991; Hernandez-Fernandez 2000), las
especies de quirdpteros son generalmente euritopicas (Fleming 1973; Hernandez-Fernandez
2000; Willig & Selcer 1989) y el patron de zonificacion que presentan no consiste en faunas
concurrentes con los distintos tipos de vegetacion ligadas a los distintos climas, sino en un
mismo tipo de fauna mantenida a través de las distintas zonas climaticas, pero empobrecida y
atenuada en aquellas regiones climaticamente menos favorables (ejemplo en Patterson et al.
1996, 1998).

Por otro lado, muchos de los métodos de aproximaciéon paleoclimatica y
paleoambiental con pequefios vertebrados se basan en la premisa de que la proporcién de
individuos entre las distintas especies presentes en tafocenosis es extrapolable a la proporcion
de individuos entre las distintas especies que habitaban el entorno en ese momento (Andrews
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20006; Cuenca-Bescos et al. 2005, 2009; Evans et al. 1981; Lopez-Garcia et al. 2011a). En el
caso de las acumulaciones de pequefios mamiferos fosiles, su utilidad en reconstruccion
paleoclimatica y paleoambiental serfa 6ptima si el agente acumulador fuera un depredador
oportunista, ya que la proporcién de individuos depredados seria teéricamente un reflejo de la
proporcién de estos individuos en la paleocomunidad (Andrews 2006; Evans et al. 1981). El
orden Chiroptera presenta un problema adicional aqui, y es que con frecuencia (especialmente
en yacimientos en cuevas) el origen de la acumulacion de los especimenes es diferente e
independiente del de otros pequefios mamiferos (Galan et al. 2016a, 2018a; Kowalski 1995;
Lopez-Garcia et al. 2011d; Sevilla 1988; Capitulo 4, 5; entre otros). Sus habitos voladores y
nocturnos hacen que, en general, tengan pocos depredadores, por lo que su presencia en
acumulaciones con este tipo de productor es poco habitual (Dietz et al. 2009; Garcia et al.
2005; Kowalski 1995; Rosina & Shokhrin 2011; Sommer et al. 2009). Sin embargo, muchas de
las especies de murciélago mas frecuentes en Europa poseen un comportamiento gregario y
social, y en momentos concretos de su ciclo vital (periodos de crfa e hibernacién) pueden
llegar a agruparse un gran nimero de individuos (Dietz et al. 2009; Palomo et al. 2007). La
reutilizaciéon a largo plazo de un mismo refugio varfa entre las especies de quirdpteros en
funcioén del tipo de refugio empleado (y su perdurabilidad en el tiempo) y de la disponibilidad
de refugios en esa area, donde aparentemente las especies que ocupan cavidades karsticas
muestran un mayor grado de fidelidad (Lewis 1995). Asi, un tipo de acumulacién
relativamente frecuente es por muerte no-violenta de los integrantes de una colonia de
quiropteros a lo largo del tiempo en una cavidad karstica, donde los individuos mas
vulnerables apareceran representados con mayor frecuencia (i.e. los individuos infantiles en las
colonias de crfa, o los individuos subadultos y adultos mayores en las colonias de hibernacion,
Sevilla 1988). Por todo ello, en este tipo de acumulaciones es previsible que la proporcion
entre las distintas especies refleje diferencias de organizacién social y de preferencia por segin
qué tipo de refugio, mas que parametros paleoclimaticos o paleoambientales del area de
estudio.

3.2. Metodologia habitual en aproximacion paleoclimatica y paleoambiental
con asociaciones fésiles de pequefios mamiferos y su aplicacion al orden
Chiroptera

La metodologia empleada para la aproximacion paleoclimatica y paleoambiental basada
en asociaciones fosiles de pequefios mamiferos es relativamente variada. Algunos ejemplos de
diferentes métodos son: Rango Ecogeografico Mutuo (Mutual Ecogeographic Range, MER,
Blain 2005; Blain et al. 2010, 2016), Analisis Bioclimatico basado en el Indice de Restriccion
Climatica (Climatic Restriction Index, CRI, Hernandez-Fernandez 2000), Asociaciones
Coroldgicas (Real et al. 2003; Sans-Fuentes & Ventura 2000), Agrupacion de taxones segin su
habitat preferente (Cuenca-Bescos et al. 2005, 2009) y Ponderaciéon de habitats (Habiat
Weighting, HW, Andrews, 2006; Evans et al. 1981); todos ellos han sido aplicados en alguna
ocasion a las asociaciones de pequefios mamiferos no quirépteros de los yacimientos de la
Sierra de Atapuerca por diversos autores (Bafiuls & Lopez-Garcia 2016; Cuenca-Bescos et al.
2005; Lopez-Garcia et al. 2011b; Rodriguez et al. 2011; entre otros). Sin embargo, la mayoria
de los métodos de mencionados son problematicos en su aplicacién al orden Chiroptera.

En el caso de los métodos de aproximacion paleoclimatica (Tabla 06), el orden
Chiroptera tiene escaso poder discriminante en el Analisis Bioclimatico basado en Indice de
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Restriccion Climatica (Hernandez-Fernandez 2000), por lo que el empleo de esta metodologia
es poco aconsejable. Los trabajos de Sans-Fuentes & Ventura (2000) y Real et al. (2003) no
incluyen a los quirépteros en las asociaciones corologicas definidas, por lo que se carece de
datos para la aplicacion de este método. Por dltimo, el uso del MER de la asociaciéon de
murciélagos fosiles para inferir las condiciones climaticas del pasado es problematico en la
peninsula ibérica debido a que los estudios de la distribucién actual de las especies de
quirépteros son todavia escasos en comparaciéon con el de otros grupos, y presentan un
importante sesgo de cantidad de datos recogidos entre las diferentes regiones de nuestro pais
(ver mapas de distribucién en Palomo et al. 2007). En los Capitulos 4 y 5 de esta tesis se han
analizado una serie de marcadores de paleodiversidad sobre el registro de quirépteros en la
secuencia de la Gran Dolina y en los yacimientos de la Sima de los Huesos y Trinchera-
Galerfa, basados en los empleados por Medellin et al. (2008) en el estudio de poblaciones
actuales y adaptados a su uso sobre asociaciones fosiles (ver descripcion en Capitulo 4,

apartado 2. Material y métodos).

Metodologia Autor Uso en asociaciones fosiles de quirépteros
En Espafia, pocos datos
Rango Ecogeografico Mutuo Blain 2005: Blain No actuales en comparacién con
(Mutual Ecogeographic > otros pequefios mamiferos,
et al. 2010, 2016 recomendado , .
Range, MER) sesgo segin comunidades
auténomas
Analisis Bioclimatico basado
en el Indice de Restriccion )
. L. Hernandez- No Lo .
Climatica Ferndndez 2000 recomendado Resultados no significativos
(Climatic Restriction Index,
CRI)
Asociaciones Coroléwi Sans-Fuentes &
so0¢ a(é:(})l (;St oroogicas Ventura 2000; No hay datos
(Chorotypes) Real et al. 2003
Agrupacién de taxones por van der Meulen Optimo S En acumulaciones por muerte
tipo de habitat & Daams 1992: acumulacién por natural puede ser de interés para
(Small mammal habitat Cuenca-Bescés’ depredadores comparar variaciones a lo largo
assemblages) et al. 2005. 2009 oportunistas de una secuencia
Optimo si En acumulaciones por muerte
Ponderacién de habitats Andrews 2006: acumulacién por natural puede ser de interés para
(Habiat Weighting, HW) Evans et al. 1 98,1 depredadores comparar variaciones a lo largo
ghting, ’ opottunistas de una secuencia

Tabla 6. Sintesis de los principales métodos de aproximacién paleoclimatica y paleoambiental
empleados en asociaciones fosiles de pequefios vertebrados, y adecuacion de su uso a las asociaciones
fosiles de quiropteros.

Table 6. Synthesis of the main methods of paleoclimatic and paleoenvironmental approach used in
fossil associations of small vertebrates, and suitability of their use on bats fossil associations.

Ademas, se ha incluido un marcador paleoclimatico basado en la presencia de especies
termofilas  (consideradas como tales en Dietz et al. 2009 y Palomo et al. 2007; y
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correspondientes con especies del grupo Mediterraneo estricto definido en Horacek et al.
2000). Los resultados obtenidos son relativamente coherentes con los datos paleoclimaticos
basados en el empleo de otros proxies (indicadores palinolégicos, herpetofauna y otros
mamiferos pequefios, Capitulo 4, 5), donde la minima diversidad, alta dominancia, y el
descenso (o desaparicion) de especies accidentales y termofilas en las asociaciones fosiles de
murciélagos se correlacionan con momentos climaticos marcadamente aridos y frios en la
secuencia del Pleistoceno Medio de Atapuerca (Capitulo 4, 5).

En el caso de los métodos de aproximacién paleoambiental (tanto la Agrupacion de
taxones segun su habitat preferente como la Ponderacién de habitats; Tabla 6), los problemas
de su aplicacion al orden Chiroptera vienen dados principalmente por el tipo de acumulacion
de la asociacion fésil, que en este grupo rara vez se produce por depredacion (Dietz et al.
2009; Garcia et al. 2005; Kowalski 1995; Rosina & Shokhrin 2011; Sommer et al. 2009). En
esta tesis, se ha empleado el método de Ponderacion de habitats en el yacimiento de AGP-7,
donde el origen de la acumulacion es principalmente la accién de depredadores (Galan et al.
2016b). La aproximacion obtenida da como resultado un fuerte peso del habitat boscoso, lo
que contrasta con la presencia de otros mamiferos con fuertes preferencias por paisajes
abiertos asi como con la aproximacioén ambiental basada en las aves de este yacimiento, que da
como resultado un paisaje compuesto por zonas de bosque y zonas abiertas (Nufiez-Lahuerta
et al. 2010); sin embargo, ante la ausencia de analisis cuantitativos sobre el resto de los
vertebrados del yacimiento, se hace dificil la comparacion entre las distintas sefales (Galan et
al. 2016b). También, de forma tentativa, se ha empleado el método de Ponderacién de
Habitats en los yacimientos estudiados de la Sierra de Atapuerca (Galan et al. 2016a; Capitulo
4, 5), donde si bien el origen de la acumulacién es predominantemente por muerte natural de
los individuos de una colonia, se trata de un registro que abarca una larga secuencia temporal,
pot lo que la comparaciéon entre los resultados de distintos niveles o unidades asi como su
comparacion con las aproximaciones obtenidas mediante otros proxis es de potencial interés.
Diferentes trabajos muestran que las cuevas de Atapuerca se encuadran en un paisaje en
mosaico con bosques en las riveras de los rios y bosquetes en los alrededores de las mismas
(Blain et al. 2008, 2009, 2010; Cuenca-Bescos et al. 2005, 2011, 2015; Loépez-Garcia et al.
2011b; Rodriguez et al. 2011; entre otros). En general, el analisis sobre los quirépteros obtiene
una sobrerrepresentacion del habitat de bosque en comparacién con otros pequefios
vertebrados (herpetofauna y pequefios mamiferos no quirépteros), aunque similar a la
proporcionada por los analisis palinolégicos (Capitulo 4). En el caso de Atapuerca, la causa de
la fuerte representacioén del habitat de bosque es la alta dominancia a lo largo de la mayor parte
de la secuencia de la especie euconstante y troglofila Myotis myotis, adaptada a la caza en zonas
boscosas y habitats de transicion (Dietz et al. 2009; Palomo et al. 2007). Por otro lado, se
observan algunas sefiales de interés: por ejemplo, la aparicién de habitat riverefio y/o acudtico
en la aproximacion con quirépteros coincide con el maximo peso de este tipo de habitat en la
aproximacioén con otros pequefios mamiferos (Capitulo 4). La aplicaciéon del método de la
Ponderacion de Habitats en quirdpteros revierte cierto interés, considerando siempre la
sobrerrepresentaciéon del habitat de preferencia de la especie dominante en la asociacion
cuando el origen tafonémico es la muerte dentro de la cueva de los integrantes de una colonia.
La aplicacion de un factor de correccion sobre el numero de individuos registrados para las
especies con tendencia a formar grandes colonias en las tafoncenosis con este tipo de origen
podria ser una manera de corregir los resultados obtenidos mediante la Ponderaciéon de
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Habitats. Futuros estudios en esta direccion serfan de gran interés de cara a mejorar la
aplicabilidad del orden Chiroptera a los estudios de reconstruccién paleoambiental.

4, Interaccién entre el ser humano y los quirépteros en el registro
fosil

A veces, las cuevas utilizadas como refugios por los humanos en la prehistoria eran
ocupadas simultaneamente por murciélagos. Existen pruebas en el registro paleoarqueoldgico
del Pleistoceno Medio y Superior europeo de cémo el uso humano de una cavidad afectaba a
la asociacién de quirdpteros que habitaban alli, reflejandose por lo general en un descenso en
la cantidad de restos de quirépteros registrados, asi como en su diversidad (LLopez-Garcia et al.
2011d; Rosina 20006; Salart 2010). Ademas, en el yacimiento de la Cueva de Denisova
(Pleistoceno Medio, Macizo de Altai, Rusia) se han encontrado pruebas de una ocupacion
estacional alternada entre la poblaciéon humana durante el verano, y la especie Myotis blythii en
el invierno (Rosina 2000).

Los yacimientos de la Sierra de Atapuerca proporcionan una buena oportunidad de
estudiar las posibles relaciones entre las paleocomunidades de quirdpteros y las de humanos a
lo largo del Pleistoceno Inferior y Medio (ver sintesis en Tabla 7). La Sierra de Atapuerca
estuvo habitada por homininos al menos durante dos momentos en el Pleistoceno Inferior
(Tabla 7; Bermuidez de Castro et al. 1999; Carbonell et al. 1999a, 1999b, 2008; Oll¢ et al. 2013;
entre otros), correspondientes con el nivel TE9c de la Sima del Elefante (datado en 1,2 Ma,
Carbonell et al. 2008) y la unidad TDG6 de la Gran Dolina (datada en 0,73-0,85 Ma, Arnold et
al. 2015; Berger et al. 2008; Moreno et al. 2015). En el Pleistoceno Medio, la presencia humana
en Atapuerca es aparentemente ubicua (Arsuaga et al. 2014; Carbonell et al. 1995, 2001;
Garcia-Medrano 2011, 2014, 2015; Marquez et al. 2001; Menéndez 2009; Mosquera 1995,
1998; Oll¢ et al. 2013; Rosell 2001, 2011; Rodriguez 2004; Terradillos 2010; entre otros), y se
ha registrado al menos en la unidad TD10 de la Gran Dolina (techo datado en 0,34 Ma, Berger
et al. 2008; Falgucres et al. 1999; Moreno et al. 2015), la unidad LU-6 de la Sima de los Huesos
(datada en 0,43 Ma, Arnold et al. 2014) y las unidades GII y GIII de Trinchera-Galeria
(datadas en 0,25-0,50 Ma, Berger et al. 2008; Falgueres et al. 2013) (Tabla 7). Todos estos
niveles registran presencia de quirépteros fosiles, aunque el tipo de especies representadas, la
paleodiversidad y la proporciéon de grupos de edad representados en la tafocenosis vatia entre
ellos, asi como con respecto a otros niveles sin presencia humana registrada (Galan et al.
2016a; Capitulo 4, 5). La asociaciéon de murciélagos registrada en Atapuerca se basa en la
presencia constante y dominante de Myotis myotis, habitualmente junto con Miniopterus
schreibersii y Rhinolophus mebelyi, y Rhinolophus ferrumequinum en menor medida, asi como una serie
de especies menos frecuentes (Galan et al. 2016a; Capitulo 4, 5). A grandes rasgos, se observan
dos tendencias principales a través del tiempo. En primer lugar, la paleodiversidad aumenta
hacia el final del Pleistoceno Inferior, alcanzando su maximo en TD5 y TD6 (Gran Dolina)
con 10 taxones registrados (Capitulo 4), donde nimero de especies termofilas y especies
accidentales se incrementan paralelamente. En segundo lugar, la paleodiversidad disminuye a
medida que avanza el Pleistoceno Medio: las especies termofilas desaparecen y la dominancia
de M. myotis alcanza su maximo en la unidad GIII (TG), donde es el dnico quiréptero
registrado (Capitulo 4, 5). Asi pues, no hay evidencias en el registro de Atapuerca de que la
presencia de homininos del Pleistoceno Inferior afectase a las comunidades de murciélagos
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que cohabitaban en las cavidades de la Sima del Elefante y la Gran Dolina (Galan et al. 20106a;
Capitulo 4). Si bien la diversidad de quirépteros es menor en los niveles de TELRU que en las
unidades TD3-4 a TDO, los marcadores de paleodiversidad de las comunidades de quirépteros
en los momentos de ocupaciéon humana de ambas cuevas en este periodo muestran un
aumento de la diversidad junto con una disminucién de la dominancia de la especie mas
abundante, Myotis myotis (Galan et al. 2016a; Capitulo 4). Aunque la proporcion de edades
representadas entre los individuos de esta especie difiere entre los dos yacimientos (en
TELRU predominan los individuos subadultos y en las unidades TE3-4 a TD6 los individuos
adultos, Galan et al. 2016a; Capitulo 4), esta proporcion permanece constante a lo largo de
cada secuencia, por lo que no parece haber un cambio en el uso de la cavidad por parte de los
quirépteros que pudiera relacionarse con la presencia de homininos. De hecho, la presencia de
Homo antecessor en la unidad TDG6 de la Gran Dolina coincide con la maxima diversidad de
quiropteros registrada en Atapuerca (Capitulo 4). Esto indicarfa un tipo de uso de las
cavidades por parte de los homininos del Pleistoceno Inferior poco invasivo, que no afectaria
a los quirépteros viviendo alli. Sin embargo, la situacién cambia durante el Pleistoceno Medio.
Como se ha discutido en el apartado anterior, el descenso de la diversidad registrado desde el
inicio del Pleistoceno Medio en Atapuerca puede correlacionarse con factores climaticos
expresados por otros indicadores indirectos (e. g. los pequefios vertebrados y los estudios
palinologicos; Blain et al. 2008, 2009; Cuenca-Bescos et al. 2005, 2011; Expésito et al. 2015;
Garcia-Anton 1989). Sin embargo, el caso particular de R. mehelyi y M. schreibersii hace pensar
que la influencia del factor antrépico en las comunidades de quirdpteros debe ser también
considerada (Capitulo 4, 5). El registro de las unidades parcialmente sincréonicas LU-6 (Sima
de los Huesos) y TD10 (Gran Dolina) difiere notablemente entre si. R. mebelyii, M. myotis y M.
schreibersii aparecen en LU-6 en proporciones similares, siendo la Sima de los Huesos una
cavidad en la zona interna del complejo karstico que nunca fue ocupada por humanos (aunque
s{ depositaron los cadaveres de sus congéneres en su interior, Arsuaga et al. 2014 entre otros).
En TD10, donde las evidencias arqueolégicas apuntan a una ocupacion humana intensiva
(Garcia-Medrano 2011, 2015; Ollé 2013; entre otros), el registro muestra la presencia de M.
myotis como especie fuertemente dominante, junto con escasos restos asignados a R
Sferrumeqguinum, al tiempo que desaparecen dos de las especies mas frecuentes en la secuencia de
la Gran Dolina, R. mebelyi y M. schreibersii, que de acuerdo a los datos de composicion por
grupos de edad presumiblemente venfan empleando la cueva como refugio de cria durante el
periodo estival (Capitulo 4). Ademas, se detecta en TD10 por primera vez a lo largo de la
secuencia de la Gran Dolina un cambio en el tipo de uso de la cueva por parte de la especie M.
myotis: de probable ocupacion anual a ocupacién estacional como refugio de hibernacion
(Capitulo 4). Por otro lado, la unidad GIII (el registro mas reciente de Atapuerca aqui
estudiado), asociado en este caso a una ocupaciéon humana esporadica (Garcfa-Medrano et al.
2011, 2014, 2015), muestra una diversidad minima de murciélagos (Gnicamente M. myotis
aparece representada) y la composicién por grupos de edad indica un uso de la cueva como
refugio estival de individuos no reproductores (Capitulo 5). La dindmica de las poblaciones de
murciélagos del pasado a través del registro paleontoldgico puede por tanto correlacionarse
con las variaciones climaticas asf como con la actividad humana en la prehistoria. En el caso
de Atapuerca, el declive de las comunidades de quirépteros hacia los niveles mas altos del
Pleistoceno Medio probablemente estuvo influenciado por una combinacién de ambos
factores: el proceso de disminucién de la paleodiversidad se observa ya en los niveles previos a
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la ocupaciéon humana intensiva, pero es en estos niveles con evidencias de actividad y uso
antropico intenso de las cuevas donde convergen por un lado la menor diversidad, por otro la
desaparicion de las especies frecuentes R. mebelyi y M. schreibersii, y por ultimo el cambio en el
uso de la cavidad por parte de M. myotis.

N
1))
3
3 N O
- S
-§ 3 =03
= U )
SN N 3
R X =« g 5
§ v ¢ % § ¢
ES S 3 8 ¢
Edad L § § E N § N ocup ocup
(Ka) 8 8 &8 S § S sp spt M. myotis humana ind
= L b} . Sl’,
TE18-19 250-300 x X X X 4 1 : si Modo 2
todo el afio, no s, sf,
GIII 250-330 * ! 0 treproductores  ocasional ~ Modo 2
- b) Sl’, Si,
GII 350-500 X x 2 1 ; ocasional | Modo 2
estacional, .. s,
TD10 >337 X X 2 0 hibernacion S0 intensa v,
LU-11 417 X X X X X 5 2 colonia de ctia no no
todo el afio, no sf,
LU-6 430 X X X 3 2 reproductores no Modo 2
TD8-9  480-500 X X 2 1 todo el ano no no
TDS8 ~600 X X X 5 2 todo el ano no no
. s, sf,
TDG6 850 X X X 9 3 todo el ano ocasional  Modo 1
TD5 X X x 10 3 todo el ano no no
TD3-4 ~990 X X X 7 2 todo el ano no no
TE7-14  ~1200 x x X x 6 o  Cstacond, s s

colonia de cria  ocasional Modo 1

Tabla 7. Relacion entre diversidad en la asociacion de quirdpteros y tipo de ocupaciéon humana en los
yacimientos de la Sierra de Atapuerca; presencia de las especies de quirépteros mas frecuentes en los
yacimientos (Rhinolophus ferrumequinum, Rhinolophus mehelyi, Rhinolophus mehelyi/euryale,
Mpyotis myotis, Myotis myotis/blythii, Miniopterus schreibersii); N sp: numero de especies de
quirépteros; spt: nimero de especies de quirépteros terméfilas; ocup M. myotis: tipo de uso de la cueva
de la especie M. myotis; ocup. humana: tipo de uso de la cueva por parte de la poblacion humana; ind:
industria litica.

Table 7. Relationship between bat association diversity and type of human occupation at the Sierra de
Atapuerca sites; presence of the most frequent bat species at the sites (Rhinolophus ferrumequinum,
Rhinolophus mehelyi, Rhinolophus mehelyi/euryale, Mpyotis myotis, Myotis myotis/blythii,
Miniopterus schreibersii); N sp: number of bat species; spt: number of thermophilic bat species; ocup
M. myotis: type of cave-use by the M. myotis species; ocup. humana: type of cave-use by humans; ind:
lithic industry.
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Conclusiones y
perspectivas de futuro

Conclusions and future perspectives

En este capitulo se resumen las principales aportaciones de esta tesis. Se han organizado segin cuatro
aspectos: el registro cuaternario del Orden Chiroptera en la mitad norte de la peninsula ibérica
(considerando vacio de registro y aportaciones de esta tesis); el caso de los murciélagos ratoneros del
complejo Myotis myotis/ blythii en el Cuaternario de la peninsula ibérica; el valor de las asociaciones fésiles
de las especies del orden Chiroptera como indicador paleoclimatico y paleoambiental; la interaccion entre
el ser humano y los quirépteros en el registro f6sil a partir de los datos obtenidos en esta tesis. Ademas, se
sugieren futuras vias dde investigacién relacionadas con dichas conclusiones.

The main contributions of this thesis are summarized in this chapter. They have been organized by the
following four aspects: the Quaternary record of order Chiroptera in the northern half of the Iberian
Peninsula (considering the record gaps and the new contributions of this thesis); the case of the mouse-
eared bats complex Myotis myotis/ blythii in the Iberian Quaternary record; the suitability of the associations
of species from orden Chiroptera as palacoclimatic and palacoenvironmental indicators; the interaction
between humans and chiropters in the fossil record (as suggested by the data obtained in this thesis). In
addition, future research paths related to these conclusions are suggested.
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1.  El registro cuaternario del Orden Chiroptera en la mitad norte de
la peninsula ibérica. Vacio de registro y aportaciones

1) En esta tesis se ha contribuido al conocimiento del registro fésil del orden Chiroptera
mediante la revision de las asociaciones de quirdpteros de cuatro yacimientos bien conocidos
(la Unidad Inferior Roja de la Sima del Elefante, la Gran Dolina, la Sima de los Huesos y la
unidad GIlIIa del yacimiento Trinchera Galeria, en la Sierra de Atapuerca), junto con el estudio
paleontoldgico de cinco nuevos yacimientos cuyos quirépteros fosiles se han publicado por
primera vez (Aguilén P-7 en el Valle del Ebro, Zaragoza, y Los Batanes, la cueva B-9 o Brecha
del Rincon, 1a cueva B-8 y la cueva D-2 en los Pirineos, Huesca).

2) En el Pleistoceno Inferior de la Sierra de Atapuerca (Unidad Inferior Roja de la Sima del
Elefante y unidades litoestratigraficas TD3 a TDG6 de la Gran Dolina) han sido identificados
los siguientes taxones: Rbinolophus ferrumequinum, Rhinolophus mebelyi, Myotis myotis, NMyotis
bechsteinii, Myotis nattereri, Myotis capaccinii, Myotis sp., Plecotus anstriacus, Barbastella barbastellus, cf.
Eptesicus y Miniopterus schreibersii.

3) Destaca la primera cita de la especie B. barbastellus en Espafa, en el Pleistoceno Inferior
(unidad TD3-4 de la Gran Dolina, con una edad minima de 0,9 Ma para el nivel TD4).

4) En el Pleistoceno Medio de la Sierra de Atapuerca (unidades litoestratigraficas TD8 a TD10
de la Gran Dolina, unidades litoestratigraficas LU-6 y LU-11 de la Sima de los Huesos, y nivel
GIlla de Trinchera Galerfa) han sido identificados los siguientes taxones: Rbznolophus
Sferrumequinum, Rhinolophus mebelyi, Rhinolophus euryale, Myotis myotis, Myotis blythii, Myotis sp.,
Plecotus anstriacus y Miniopterus schreibersii.

5) En el Pleistoceno Superior de Aragén (yacimientos AGP-7 y los Batanes) han sido
identificados los siguientes taxones: Rbznolophus ferrumequinum, Rhinolophus euryale, Rhinolophus
hipposideros,  Myotis  myotis, Myotis bechsteinzi, Mpyotis — emarginatus, Mpyotis  danbentoniz, Myotis
emarginatus/ danbentonii, Myotis sp. Plecotus aunritus/ anstriacus, Hypsugo savii vel Pipistrellus gt.
kublii/ nathusii y Miniopterus schreibersi.

6) En el Holoceno de los Pirineos Aragoneses (cuevas B-9, B-8 y D-2) han sido identificados
los siguientes taxones: Myotis blythii, Myotis bechsteinii, Myotis mystacinus y Plecotus sp. La rareza de
esta asociaciéon en comparacidon con otros yacimientos geograficamente cercanos de
cronologifas similares se debe probablemente a su condicién de localidades de alta montafa:
los tres yacimientos se situan en un rango de altitud entre los 1900 y los 2160 m s. n. m., para
el que no existe mas registro en la peninsula ibérica.

7) Destaca la primera cita de la especie M. mystacinus en el registro f6sil de la peninsula ibérica,
en las cuevas B-9, B-8 y D-2 (Holoceno).

8) En términos generales se observa que las especies R. ferrumequinum, M. myotis y M. schreibersii
(euconstantes en la mayor parte del Paleartico en la actualidad) son con mucho las mas
frecuentes y aparecen ampliamente distribuidas en los yacimientos de la mitad norte de la
peninsula ibérica ya desde el Pleistoceno Inferior, y a lo largo del Pleistoceno Medio y
Superior. Se trata de murciélagos troglofilos con tendencia a formar colonias, y a menudo
aparecen asociadas en una misma localidad.

9) La especie R. mebelyi aparece de forma habitual en cronologias del Pleistoceno Inferior y
Medio, con frecuencia asociada a las especies euconstantes R. ferrumequinum, M. myotis y M.
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schreibersiz. Sin embargo, destaca la relativa escasez de registro de esta especie en el Pleistoceno
Superior y Holoceno. En la actualidad presenta una distribucién muy fragmentaria en la
peninsula ibérica y en general en Europa.

10) Futuros trabajos de prospeccion y estudio de yacimientos con registro de quirdpteros
tosiles, especialmente con cronologias del Pleistoceno Inferior y Medio (actualmente los mas
escasos) seran fundamentales en la elaboracion de una hipétesis paleogeografica precisa para el
orden Chiroptera en el Cuaternario de la peninsula ibérica.

2. El caso de los murciélagos ratoneros del complejo Myotis
myotis/Myotis blythii en el Cuaternario peninsular

1) El estudio biométrico del craneo y los molares de una muestra de poblaciones ibéricas
actuales de las especies M. myotis y M. blythii corrobora que constituyen dos grupos con
diferencias biométricas estadisticamente significativas que pueden ser detectadas incluso sobre
material fragmentario, como los molares aislados.

2) El material perteneciente al complejo Myotis myotis/ Myotis blythii procedente del Pleistoceno
Inferior de la Sierra de Atapuerca ha sido asignado a la especie M. myotis.

3) La mayor parte del material perteneciente al complejo M. myotis/ M. blythii procedente del
Pleistoceno Medio de la Sierra de Atapuerca ha sido asignado a la especie M. myotis, a
excepcion del material recuperado en la unidad litoestratigrafica LU-11 de la Sima de los
Huesos, donde se han identificado restos pertenecientes tanto a M. myotis como a M. blythii.

4) El material perteneciente al complejo M. myotis/ M. bhythii recuperado en el Pleistoceno
Superior de Aragén ha sido asignado a la especie M. mzyotis.

5) El material perteneciente al complejo M. myotis/ M. blythii recuperado en el Holoceno de los
Pirineos aragoneses ha sido asignado a la especie M. blythii.

6) El conjunto de datos procedentes del registro f6sil ibérico del complejo M. nzyotis/ M. blythii
es compatible con diversos episodios de desaparicién y aparicion de las poblaciones de M.
blythii en la peninsula ibérica a lo largo del Pleistoceno. La realizacién de trabajos futuros de
revisién del material con asignacién abierta y/o dudosa arrojaran luz sobre esta cuestion.

7) El futuro estudio del material f6sil de Atapuerca asignado a M. myotis en esta tesis (de edad
Pleistoceno Inferior y Medio) donde se analice no solo la biometrfa molar sino también del
resto del craneo, asi como su morfologia, y la comparacién de estos resultados con
especimenes de esta especie mas recientes y actuales, serfa de interés de cara a detectar
posibles cambios a lo largo del tiempo en esta especie.

3. El valor de las asociaciones de las especies del orden
Chiroptera como indicador paleoclimatico y paleoambiental

1) Las distintas metodologfas empleadas habitualmente en el analisis de las asociaciones de
pequenos vertebrados con fines paleoclimaticos (Rango Ecogeografico Mutuo “Mutual
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Ecogeographic Range MER”, Analisis Bioclimatico basado en el Indice de Restriccion
Climatica “Climatic Restriction Index CRI”, Asociaciones Coroldgicas “Chorotypes”) son de
escasa o nula aplicabilidad al estudio de las asociaciones fésiles del orden Chiroptera.

2) En los Capitulos 4 y 5 de esta tesis se han analizado una serie de indicadores

paleoclimaticos indirectos sobre las asociaciones fosiles de quirdpteros (diversidad vy

dominancia, presencia de especies accidentales, presencia de especies termofilas) que expresan
b b

sefiales relativamente coherentes a los de otros proxies paleoclimaticos (como los indicadores

palinoldgicos, la herpetofauna y otros mamiferos pequefios).

3) Las distintas metodologias empleadas habitualmente en el analisis de las asociaciones de
pequenos vertebrados con fines paleoambientales (Agrupacion de taxones por tipo de habitat,
Ponderacién de habitats “Habiat Weighting HW””) pueden emplearse sobre las asociaciones de
quiropteros foésiles si la acumulacion ha sido causada por la acciéon de depredadores
oportunistas.

4) Dichas metodologias (Agrupacién de taxones por tipo de habitat, Ponderacion de habitats
“Habiat Weighting HW”) pueden también aportar datos de interés cuando se aplican sobre
asociaciones de quirépteros fosiles acumuladas mediante muerte natural en el interior de una
cavidad, para comparar variaciones a lo largo de una secuencia. En este caso debera tenerse en
cuenta que el habitat preferido por la especie dominante en la colonia aparecera siempre
sobrerrepresentado.

5) La aplicaciéon de un factor de correcciéon sobre el nimero de individuos registrados de
especies con tendencia a formar grandes colonias en las tafocenosis originadas por muerte
natural de los individuos en el interior de una cueva podria ser una manera de corregir los
resultados obtenidos mediante las metodologias de Agrupacion de taxones por tipo de habitat
y Ponderacion de habitats. Futuros estudios en esta direccion serfan de gran interés de cara a
mejorar la aplicabilidad del orden Chiroptera a los estudios de reconstruccion paleoambiental.

4. Interaccién entre el ser humano y los quirépteros en el registro
fosil

1) En los yacimientos de la Sierra de Atapuerca se registra la presencia simultanea de humanos
y quirdpteros en dos momentos del Pleistoceno Inferior: la unidad TE9 de la Sima del
Elefante y la unidad TDG6 de la Gran Dolina. Se tratarfa en ambos casos de grupos de
homininos con tecnologia Modo 1. El registro fésil no indica que la presencia humana
afectase a las comunidades de quirdpteros que cohabitaban las cavidades.

2) En el Pleistoceno Medio de la Sierra de Atapuerca se registra la presencia simultanea de
humanos y quirépteros en varios momentos, de los cuales estudiados en esta tesis: la unidad
LU-6 de la Sima de los Huesos, la unidad TD10 de la Gran Dolina y el nivel GIIla de
Trinchera Galerfa. Se tratarfa en todos los casos de grupos humanos con tecnologia Modo 2.
El registro fosil indica que la presencia humana afect6 a las comunidades de quirépteros que
se refugiaban en las cavidades de la Gran Dolina y de Trinchera Galerfa (ocupadas por estos
grupos humanos), mientras que no hay indicios de que afectasen a las comunidades de
quiropteros de la Sima de los Huesos (donde los restos humanos habrian sido arrojados desde
el exterior, y no hubo ocupacién de la cavidad).
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3) De cara a establecer la naturaleza de la interaccion entre las poblaciones humanos y de
quiropteros en los yacimientos de Atapuerca con mayor precision, serfa deseable realizar
trabajos futuros donde se ampliase el numero de muestras estudiadas procedentes de los
niveles con ocupaciéon humana del Pleistoceno Medio (TD10, GII y GIII) y realizar los
analisis sobre la secuencia aumentando la resolucion (incluyendo niveles y subniveles).
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1. The Quaternary record of order Chiroptera in the northern half of
the Iberian Peninsula. Record gaps and contributions

1) This thesis contributes to filling the gap of knowledge of the fossil record of order
Chiroptera by the studying of the bat assemblages of four well-known palacontological sites
(the Lower Red Unit of the Sima del Elefante, the Gran Dolina, the Sima de los Huesos and
the level GIlIIa from Trinchera Galerfa, in the Sierra de Atapuerca), and the palacontological
study of five new sites from which the bats have been published for the first time (Aguilén P-
7 in the Ebro Valley, Zaragoza, and Los Batanes, cave B-9 or Brecha del Rincén, cave B-8 and
cave D-2 in the Pyrenees, Huesca).

2) The following taxa have been identified at the Early Pleistocene record from the Sierra de
Atapuerca (the Lower Red Unit of the Sima del Elefante, lithostratigraphic unites TD3 to
TDO6 of the Gran Dolina): Rhinolophus ferrumequinum, Rhinolophus mebelyi, Myotis myotis, Myotis
bechsteinii, Myotis nattereri, Myotis capaccinii, Myotis sp., Plecotus anstriacus, Barbastella barbastellus, cf.
Eptesicus y Minzopterus schreibersi.

3) The first fossil citation of B. barbastellus in Spain is especially remarkable (Early Pleistocene,
unit TD3-4 of the Gran Dolina, minimum age dated as 0,9 Ma for unit TD4).

4) The following taxa have been identified at the Middle Pleistocene record from the Sierra de
Atapuerca (lithostratigraphic units TD8 to TD10 of the Gran Dolina, lithostratigraphic unites
LU-6 and LU-11 of the Sima de los Huesos, and level Gllla of Trinchera Galeria): R.
Sferrumequinum, R. mebelyi, Rhinolophus euryale, M. myotis, Myotis blythii, Myotis sp., P. austriacus y
Miniopterus schreibersit.

5) The following taxa have been identified at the Late Pleistocene record from Aragdn (cave
AGP-7 and Los Batanes): R. ferrumequinum, R. euryale, Rhinolophus hipposideros, M. mryotis, M.
bechsteinii, Myotis emarginatus, Myotis daubentonii, M. emarginatus/ danbentonii, Myotis sp. Plecotus
auritus/ anstriancns, Hypsugo savii vel Pipistrellus gt. kublii/ nathusii and M. schreibersii.

6) The following taxa have been identified at the Holocene record from the Aragonese
Pyrences (caves B-9, B-8 and D-2): Myotzs blythii, Myotis bechsteinii, Myotis mystacinus y Plecotus sp.
The rarity of this association when compared to other geographically and chronologically
close sites is probably due to the high-mountain location of these sites: the three of them are
located between the 1900 and 2160 m a.s.l, a range of altitude for which there are no other
Quaternary record of bats in the Iberian Peninsula.

7) The first fossil citation of M. mystacinus in the Iberian Peninsula is especially remarkable
(Holocene, caves B-9, B-8 and D-2, Aragonese Pyrenees).

8) In general terms, it is observed that the species R. ferrumequinum, M. mryotis and M. schreibersii

(the three of them euconstant species in the Palearctic region nowadays) are the most frequent
and widely distributed among the Iberian sites by far. This situation is observed since the
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Early Pleistocene and throughout the Middle and Late Pleistocene. They are colonial, cave-
dwelling bats, and they usually appear together in a site.

9) The species R. mebelyi appears frequently in the Early and Middle Pleistocene Iberian sites,
most commonly associated to the euconstant species R. ferrumequinum, M. myotis and M.
schreibersii. However, the Late Pleistocene and Holocene record of this species is relatively
scarce. It shows a very fragmentary distribution through the Iberian Peninsula and Europe

nowadays.

10) Future works on prospecting and studying sites with fossil bats, especially in Early and
Middle Pleistocene chronologies (where the available data are currently scarcer) will be
essential in the elaboration of a precise paleogeographic hypothesis for the order Chiroptera in
the Quaternary of the Iberian Peninsula.

2. The case of the mouse-eared bats complex Myotis myotis/
Myotis blythii in the Quaternary Iberian record

1) The biometric study of the skull and molars of a sample of current Iberian populations of
the species M. myotis and M. blythii corroborates that they constitute two groups with
statistically significant biometric differences that can be detected even on fragmentary
material, such as isolated molars.

2) The fossil remains belonging to the M. myotis/M. blythii complex from the Lower
Pleistocene of the Sierra de Atapuerca has been assigned to the species M. myotis.

3) Most of the fossil remains belonging to the M. myotis/ M. blythii complex from the Middle
Pleistocene of the Sierra de Atapuerca has been assigned to the species M. myotis, except for
the material recovered in the lithostratigraphic unit LU-11 of Sima de los Huesos, where
remains belonging to both M. myotis and M. blythii have been identified.

4) The fossil remains belonging to the M. myotis/ M. blythii complex recovered in the Upper
Pleistocene of Aragon has been assigned to the species M. zyotis.

5) The fossil remains belonging to the M. myotis/ M. blythii complex recovered in the Holocene
of the Aragonese Pyrenees has been assigned to the species M. blythi.

6) The set of data from the Iberian fossil record is compatible with various episodes of
disappearance and appearance of M. bhythii populations the Iberian Peninsula throughout the
Pleistocene. Future, more extensive studies as well as the revision of the fossil material with
open and/or doubtful assignment will shed light on this question.

7) Future studies of the Atapuerca fossil material assigned to M. myotis in this thesis (Eatly and

Middle Pleistocene in age) analysing not only the molar biometry but also the biometry of the
rest of the skull as well as its morphology, and comparing the results with those on more
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recent and extant specimens of this species, would be of interest in order to detect possible
variations in this species through time.

3. The suitability of the associations of species from order
Chiroptera as palaeoclimatic and palaeoenvironmental indicators

1) The different methodologies commonly used in the analysis of associations of small
vertebrates with paleoclimatic purposes (Mutual Ecogeographic Range, MER; Bioclimatic
Analysis based on the Climate Restriction Index, CRI; Chorotypes) are of little or no
applicability to the study of fossil associations of the order Chiroptera.

2) A series of indirect palaeoclimatic indicators (diversity and dominance, presence of rare
species, presence of thermophilic species) are analysed on the bat fossil associations at
Chapters 4 and 5 of this thesis. They are found to express signals coherently with those of
others palaeoclimatic proxies (such as palynological indicators, herpetofauna and other small
mammals).

3) The different methodologies commonly used in the analysis of small vertebrates
associations with palacoenvironmental purposes (small mammals habitat assemblages; habitat
weighting, HW) can be used on bat fossil associations if the accumulation has been caused by
the action of opportunistic predators.

4) These methodologies (small mammals habitat assemblages; habitat weighting, HW) can also
provide interesting data when applied to fossil bats associations accumulated by natural death
inside a cavity, allowing to compare variations along a sequence. However, in this case it
should be considered that the colony dominant species preferred habitat will always appear

overrepresented.

5) When the origin of the bat tafocenosis is the natural death of individuals within a cave, the
application of a correction factor on the number of recorded individuals belonging to bat
species which tend to form large colonies could be a way to correct the results obtained by
applying one of the mentioned paleoenvironmental approach methodologies. Future studies in
this direction would be of great interest to improve the applicability of the order Chiroptera to

paleoenvironmental reconstruction studies.

4. The interaction between humans and bats in the fossil record

1) The simultaneous presence of humans and bats is recorded in two moments of the Early
Pleistocene from the Sierra de Atapuerca sites: the level TE9 of the Sima del Elefante and the
unit TD6 of the Gran Dolina. In both cases, the hominins groups were associated with Mode
1 technology. The fossil record does not indicate that the human presence affected the bat
communities inhabiting the caves synchronously.
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2) The simultaneous presence of humans and bats is recorded at several moments of the
Middle Pleistocene of the Sierra de Atapuerca sites, the ones studied in this thesis are: the unit
LU-6 of the Sima de los Huesos, the unit TD10 of the Gran Dolina and the level Gllla of
Trinchera Gallery. In all cases the hominins groups were associated with Mode 2 technology.
The fossil record indicates that the human presence affected the bat communities that took
refuge in the cavities of the Gran Dolina and Trinchera Gallery (occupied by these human
groups), while there are no clues of that they affected the communities of the Sima de los
Huesos (where human bodies would have been thrown in from the outside, but where there
was no occupation of the cavity).

3) In order to establish the nature of the interaction between human and bat populations in
the Atapuerca sites in a more precise way, a future work of interest would involve an increased
number of studied samples coming from the Middle Pleistocene levels with human
occupation (TD10, GII and GIII), and the sequence would need to be analysed with higher
resolution (including levels and sub-levels).
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Abstract

The Myotis myotis/M. blythii species complex, spread across the Western Palearctic, is a problematic group for which the
taxonomy of the species is not yet satisfactorily resolved. The Iberian Peninsula played a key role in its evolutionary history
as a Pleistocene refuge and as the starting point for the eastward expansion of M. myotis in the early Holocene, while M. blythii
reached the Iberian Peninsula only during the middle Holocene. The study of Iberian populations and particularly of the Iberian
fossil record is of high interest in this regard. However, there are few data available on the biometry of the skulls and teeth of
Iberian populations (which differ somewhat in size from those of other regions of Europe and Asia) or tools for the identification
of fragmentary cranial remains. Much of the Quaternary Iberian record of large Myotis remains unassigned. Here, we contribute
to the task of determining fragmentary cranial remains by providing new cranial and dental biometric data from extant Iberian
populations, predictive models for isolated upper molar identification, and a set of indices that allow quantitative evaluation of the

differences in anatomical traits (in skull and molars) between the two species.

Keywords Sibling species - Large mouse-eared bats - Iberian Peninsula - Classic morphometry

Introduction

Traditionally, two taxa have been distinguished among the spe-
cies complex of large Myotis Kaup, 1829, widespread across
the Western Palearctic: the greater mouse-eared bat, Myotis
myotis (Borkhausen, 1797), and the lesser mouse-eared bat,
Mpyotis blythii (Tomes, 1857) (Fig. 1). Both show size clines
and morphological variations across their geographical distri-
bution (Benda and Horacek 1995b; Arlettaz et al. 1997).
Consequently, the taxonomic status of some populations has
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been a matter of controversy (Gulia 1913; Lanza 1959;
Strelkov 1972; Felten et al. 1977; Bogan et al. 1978; Benda
and Horacek 1995a, b; Arlettaz et al. 1997; Castella et al. 2000).
In regions of sympatry of the greater and the lesser mouse-eared
bats (Fig. 1), they commonly share nursery and reproductive
roosts (Berthier et al. 2006; Palomo et al. 2007; Dietz et al.
2009), and cases of hybridization have been reported
(Berthier et al. 2006; Bachanek and Postawa 2010).
According to Corbet (1978), the greater mouse-eared bat is
represented by the nominal form Myotis myotis myotis, and a
larger subspecies in the Levant, M. m. macrocephalicus
Harrison and Lewis, 1961. According to Strelkov (1972),
the lesser mouse-eared bat is represented by the nominal,
Himalayan form Mpyotis blythii blythii, by the Western
Palearctic form M. b. oxygnathus Monticelli, 1885, by the
Anatolian form M. b. omari Thomas, 1906, by the Eastern
Palearctic form M. B. ancilla Thomas, 1919, and by the
Altaian form M. b. altaicus (see also Dzeverin and Strelkov
2008). Simmons (2005) also recognized M. b. lesviacus
Iliopoulou-Georgudaki, 1984, in Greece, and raised
M. oxygnathus to species level in accordance with Ruedi
and Mayer (2001). The North African form M. punicus
Felten etal., 1977, constitutes a well-defined allopatric species
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- M. myotis - sympatry |:| M. blythii

Fig. 1 Current geographical distribution of the two species of large
mouse-eared bats studied in this work. After Dietz et al. (2009) and the
EMMA Database maintained by the Societas Europaca Mammalogica
Mitchell-Jones 2017

that does not coexist with the other two forms in Europe
(Castella et al. 2000). Furman et al. (2014) established the
biological species status of M. myotis and M. blythii in
Europe but refused to recognize the morphological subspecies
defined in Europe as significant evolutionary units, and rec-
ommended keeping the Central Asian forms of lesser mouse-
eared bats as M. blythii s. 1. until further sampling allows the
taxonomic question to be resolved.

Regarding the evolutionary history of the two groups,
Furman et al. (2014) proposed that an isolation process of
M. myotis and M. blythii s. 1. took place in scattered glacial
refuges in Western Europe and Asia, respectively. Molecular
studies (Bogdanowicz et al. 2009) date the branching between
these taxa at 560 ka BP (middle Pleistocene). The importance
of the fossil record of large Myotis in the Iberian Peninsula, a
refuge for mammalian faunas during the late Pleistocene (e.g.,
Hewitt 1996, 1999, 2000; Cuenca-Bescos et al. 2010; Sauqué
and Cuenca-Bescés 2013), is due to its key location. The
evidence indicates that this region was the starting point for
the expansion of M. myotis towards Central Europe and the
Balkans, together with the expansion of forested habitats, dur-
ing interglacial periods of the Pleistocene-Holocene transition
(Ruedi and Castella 2003; Furman et al. 2014). On the other
hand, it has been established that the eventual entrance into
Iberia of M. blythii after its westwards expansion from Asia
occurred subsequently, in the middle Holocene (Sevilla 1989;
Benda and Horacek 1995a; Topal and Ruedi 2001). However,
a few remains from the latest Pleistocene of L’Arbreda and
Cova Colomera (Spain) have recently been identified as
M. blythii and M. myotis/blythii (Loépez-Garcia 2011), and
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there is a notable late Pleistocene Iberian record of large
Myotis that remains unassigned (Sevilla 1988; Lopez-Garcia
2011; Galan et al. 2016b).

The problem of assigning the fossil bones of these bats is
grounded in the very similar morphology of M. myotis and
M. blythii and on the fragmentary nature of this type of re-
mains, commonly isolated teeth or fragmentary skeletal re-
mains (examples in Sevilla 1988; Lopez-Garcia 2011; Galan
etal. 2016a, b). The assignation of cranial and dental remains
is mostly based on metric parameters, where the first species is
usually smaller than the second although there is a non-
negligible overlap of size between the two (Topal and
Tusnadi 1963; Kowalski and Ruprecht 1981; Arlettaz 1995;
Benda and Horéacek 1995a, b; Arlettaz et al. 1997; Arlettaz
1999; Evin et al. 2008; Bachanek and Postawa 2010). This is
especially problematic when working with Iberian M. myotis
specimens, which currently represent the Western, smaller-
size extreme of a size cline across Europe.

Works on the cranial biometrics of the European M. myotis/M.
blythii complex are abundant in the literature. Topal and Tusnadi
(1963) distinguished Carpathian populations of M. myotis and
M. oxygnathus (M. blythii s. 1.) by differences in size and also by
allometric trends based on six measurements on both the cranium
and mandible. Arlettaz (1995), Benda and Horacek (1995a, b),
and Arlettaz et al. (1997) addressed the issue of the geographical
distribution and variation of the large Myotis complex through
the Palearctic by, amongst other procedures, a cranial biometric
approach. Arlettaz (1995) proposed two diagnostic relationships:
the total length of the cranium versus the length of the upper
tooth row, and the total length of the cranium versus the
zygomatic breadth. Evin et al. (2008) employed a landmark-
based, geometric morphometric method in order to analyze the
skull variability within the species complex. Bachanek and
Postawa (2010) performed a traditional morphometric study on
a sample of M. myotis and M. blythii from the Carpathian Basin
in order to find potential hybrid specimens, revealing intermedi-
ate specimens that the authors interpreted as hybrids. Regarding
the assignation of isolated teeth, the relationship between the
talonid width and the total length of the third lower molar was
employed by Mein (1975) to assign middle Pleistocene bat re-
mains from La Fague (France) to M. myofis. Sevilla (1988) also
applied this criterion in assigning bat remains from several
Quaternary Iberian sites. Dupuis (1986) and Menu and
Popelard (1987) distinguished the two species using the length
of the tooth row (from canine to third molar) and the molar row,
both upper and lower. These authors also proposed the lengths of
upper first and second molars as diagnostic criteria. Finally,
Ghazali (2009) developed a new identification tool by obtaining
canonical models of the lower molars and premolars based on
tooth biometry from Eastern European populations of the two
species.

The first objective of this work is to characterize the cranial
and dental biometrics of the Iberian M. myotis and M. blythii.
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The second is to provide further morphometric data that allow
the determination of fragmentary skull remains and isolated
teeth from Iberian populations. A final aim is to recognize and
quantify specific trends in the shape and cranial proportions of
each taxon which can be analyzed in further studies on frag-
mentary fossil remains.

Material and Methods

The sample studied here comprises a total of 120 individuals
belonging to extant Iberian populations and originally
assigned to M. myotis (n=67) and M. blythii (n=53)
(Appendix 1).

The specimens belong to the collections of the Museo de
Ciencias Naturales de Zaragoza, MCNZ (M. myotis, n =6,
M. blythii, n=24); the Museo Nacional de Ciencias
Naturales de Madrid, MNCN-CSIC (M. myotis, n= 10,
M. blythii, n=6); and the Estacion Biologica de Dofana,
EBD-CSIC (M. myotis, n=>51, M. blythii, n=23). The bio-
metric analysis of the bat crania is based on nine parameters
following Arlettaz (1995), Benda (1996), Arlettaz et al.
(1997), Bachanek and Postawa (2010) among others: CBL
(condylo-basal length), CC (distance between the upper ca-
nines), CM3 (length of upper tooth row from canine to third
molar), CrB (maximum width of the cranium base), CrL
(total cranial length), IC (interorbital constriction width),
M1 M3 (length of upper molar row), MM (distance between
the upper third molars), ZB (maximum width between the two
zygomatic arches) (Fig. 2a). The analysis of the mandibles is
based on nine parameters following Bachanek and Postawa
(2010) and Jenrich et al. (2012): cm3 (length of lower tooth
row from canine to third molar), conan (distance between the
condylar and the angular processes of the ramus), conW

ZB

a

(width of the condylar process of the ramus), coran (distance
between the coronoid and the angular processes of the ramus),
ml m3 (length of lower molar row), mdL (total mandible
length), raH (height of mandibular ramus) (Fig. 2b). The
analysis of the molars is based on 18 parameters measured,
following Sevilla (1988); for the upper molars M1, M2, and
M3: L; (greater length, distance from the parastyle to the
metastyle), L, (medium length, measuring the constriction
of the protoconal basin) and W (width, distance from the
parastyle to the base of the protocone) (Fig. 2¢); for the lower
molars m1, m2, and m3: 1 (length, distance from the paraconid
to the hypoconulid), w; (trigonid width, distance from the
metaconid to the protoconid), and w, (talonid width, distance
from the entoconid to the hypoconid) (Fig. 2¢).

The measurements of the crania and mandibles were taken
using an electronic digital caliper (Mitutoyo Digimatic Caliper
CD-8” CX, Japan) with 0.01 mm theoretical precision. The
teeth were measured on photographs of the specimens taken
by an Olympus SZ61 binocular stereo microscope with a
LC20 camera at 1.5% magnification. All the measurements
are provided in mm.

A preliminary reassignment of all specimens was per-
formed using the relation between CrL and CM3 (following
Arlettaz 1995; Arlettaz et al. 1997). As hybrid specimens oc-
cur in the areas of sympatry and sometimes they have been
reported to present cranial biometrics of one of the parental
forms but dental biometrics of the other (Bachanek and
Postawa 2010), we also employed the relation between
M2(L;) and M1(L,) in order to observe whether the cranial
and molar parameters yield congruent results.

The free software PAST v.2.14 (Hammer et al. 2001) was
employed for the statistical processing of the measured data. A
multivariate test (HOTELLING’S T2, Bonferroni corrected)
was applied in order to test the homogeneity of the sample.

CrL

CBL

m3

W\Q,W e m 2 -
= HROININE

ml

Fig. 2 Scheme of the 34 parameters measured on the crania of genus
Mpyotis (Chiroptera, Mammalia) in the present work (description of the
abbreviations in the Material and Methods section); (a) measurements
taken on the cranium, in dorsal and ventral views; (b) measurements

(w,) (w,)

taken on the mandible, in lateral and posterior views; (¢) measurements
taken on the molars, in occlusal view, on the upper left tooth row (top) and
lower left tooth row (bottom)
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A principal component analysis (PCA) was performed in or-
der to ascertain which of our selected variables exerted a major
influence in characterizing the two groups of the sample. As
all our variables were taken in the same units (mm), we used
variance-covariance matrices (non-standardized data). A dis-
criminant analysis was applied in order to provide predictive
models for identifying the individuals by their upper and low-
er molars, following Ghazali (2009). For each multivariate
analysis performed, all the specimens with missing values
for more than 25% of the variables were removed. The miss-
ing values of those specimens included in the analysis were
imputed using the EM algorithm (Dempster et al. 1977).
Finally, in order to establish possible trends in the cranial
conformation of the two species leaving size out of account,
several indices were obtained by pairing parameters, and their
statistical significance tested with F and t tests. The box-and-
whisker plots for the graphic visualization of the indices fol-
low the convention of assigning the lower and upper edges of
the boxes to the 25-75% quartiles, respectively, the line inside
the boxes to the median, and the whiskers to the inner fence
values (the largest data point less than 1.5 times the box height
from the box in the case of the upper inner fences, and simi-
larly below).

The datasets generated during and/or analyzed during the
current study are available from the corresponding author on
reasonable request.

Results
Testing the Sample

In the preliminary reassignment using the CrL-CM3 ratio,
four in-collection specimens labeled as M. blythii appeared
grouped with M. myotis (Fig. 3a, dots in light grey within
the black group), while nine in-collection specimens labeled
as M. myotis appeared grouped with M. blythii (Fig. 3a, dots in
black within the light grey group). The M2(L;)-M1(L;) ratio
yielded congruent results to the CrL-CMS3 reassignment

except for five specimens previously grouped in the
M. blythii cluster that now appear within the M. myotis one
(Fig. 3b, white circles). Two were infant individuals still with
deciduous teeth in some of the anterior alveoli (although the
permanent dentition had already erupted). Their still incom-
plete growth would explain their small cranium size (similar to
that of M. blythii) with a molar size large enough to be
M. myotis. These specimens were excluded from further study.
The other three showed different degrees of tooth wear, but
plainly they were all already adults. These specimens with
incongruent results between the two reassignment tests have
been removed from the biometric characterization of the spe-
cies, but have been included in the PCA graphic representa-
tions in order to observe the affinities that they present.

The specimens of known sex were analyzed (Nmyois =38,
Npiymii = 20) in order to detect possible sexual dimorphism with-
in groups. No differences between males and females were
found on analyzing the samples of M. myotis (the statistics for
cranial parameters were as follows: Hotelling’s t: 31.76, F:
1.1803, p: 0.3527; for molar parameters, Hotelling’s t*:
31.501, F: 0.94897, p: 0.5415). No differences between males
and females were found among the M. blythii sample either (the
statistics for cranial parameters were as follows: Hotelling’s t*:
70.646, F: 0.51945, p: 0.8218; for molar parameters,
Hotelling’s t*: 1087.1, F: 12.789, p: 0.02916). In the case of
molars, the results pointed to a greater degree of difference than
previously, but p is still not significant.

When testing the homogeneity of the whole sample, impor-
tant differences were found between the two a priori distin-
guished groups (Hotelling’s t*: 1808.3, F: 34.108, p: 5.992 x
1072®), so they most likely represent two different species.

The Skull Biometrics
The Cranium
The items measuring antero-posterior cranial lengths (CrL,

CBL, CM3, and M1 M3) show small or non-existing over-
lapping values in the sample studied here, but the overlap is

a b
CM3 M1(L,) :
10.0 . ‘.\w.': 26 8." o.o. " .‘: :' .
e ® ‘... 2) ° 0, s “ee® .
& ., o 24 ° :‘e .:o' -...
9.0 g 22 )
w 2.0
8.0 CrL m2(L,)
200 21.0 220 23.0 20721 22 23 24 25

Fig. 3 Reassignment of the sample specimens; (a) scatter plot of the
relationship between CrL (total cranial length, in mm) and CM3 (total
length of upper tooth row, in mm), the specimens originally assigned to
M. blythii in grey dots, those originally assigned to M. myotis in black
dots; (b) scatter plot of the relationship between M1(L,;) (greater length of

2} Springer

the first upper molar, in mm) and M2(L,) (greater length of the second
upper molar, in mm), the specimens reassigned by cranial size to
M. blythii in grey dots, those reassigned to M. myotis in black dots,
specimens with cranial size as M. blythii but molar size as M. myotis in
white circles
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notable in lateral cranial breadths (CC, MM, IC, ZB and
CrB) (Table 1). In the PCA performed (matrix: v =9, Nyyoris =
55, n .= 46), the first three principal components accounted
for 95.3% of the total variation (Table 2, PCA cranium). The
scatter plot obtained (Fig. 4a) shows two well-separated
groups. The three non-fitting specimens detected in the pre-
liminary reassignment fall within the 95% confidence ellipse
of M. blythii. And there are two outliers in the M. blythii clus-
ter (Fig. 4a). All the original variables have positive loadings
on PCI; thus, it can be assumed that this component is an
indicator of size. All the parameters show strong, positive
correlations (the major loadings corresponding to antero-
posterior lengths CrL, CBL, and CM3) except for IC
(Table 2, cranium PCA). By contrast, antero-posterior lengths
have negative values in PC2, where the major positive loading
is given by ZB (a lateral breadth) and major negative loading
by CrL; major loadings on PC3 are given by CC and MM
(also lateral breadths) (Table 2, PCA cranium). Several indices
connecting the antero-posterior length of the cranium to dif-
ferent lateral breadths, as well as indices connecting the pa-
rameter IC to other lateral breadths, were analyzed. The most

marked differences between the two species were exposed by
the indices ZB/CBL, IC/CBL, IC/ZB, and IC/CrB (Fig. 5,
Table 3). Myotis myotis presented lower values than M. blythii
in all cases. However, the indices do not provide clear-cut
differences between the two species.

The Mandible

The items measuring the antero-posterior lengths of the man-
dible (mdL and cm3) show values with a low degree of over-
lap between the two species (Table 1). The overlap is greater
for the items measured on the mandibular ramus. Particularly
notable is the greater variation in raH values shown by
M. blythii in comparison to M. myotis (Table 1). The PCA
(matrix: v="7, Nyotis = 55, Nyiymii =47) showed that the first
three principal components accounted for 96.3% of the total
variation (Table 2, mandible PCA). The two groups appear
well separated in the scatter plot. The non-fitting specimens
fall within the 95% confidence ellipse of M. blythii (Fig. 4b).
There are two outliers in the M. blythii cluster that are the same
specimens than in the cranium PCA (Fig. 4b). As in the

Table 1 Biometric characterization of the Iberian M. myotis and M. blythii
Mpyotis myotis Mpyotis blythii
n min max M SE SD CvV n min max M SE SD €V

CiL 53 22.15 24.04 23.20 0.060 0.436 1.879 45 19.17 21.83 21.10 0.077 0.516 2.445
LCB 52 20.90 23.12 2224 0.062 0.445 2.003 46 18.61 20.98 20.23 0.073 0.497 2458
Cm3 55 9.43 10.37 9.88 0.025 0.182 1.842 46 7.89 9.14 8.75 0.038 0.259 2.966
M1 M3 54 5.54 6.04 575 0.018 0.132 2297 44 4.82 543 512 0.020 0.130 2.541
CE 54 5.46 6.49 6.09 0.032 0.232 3.813 46 4.83 6.00 5.62 0.038 0.256 4.554
MM 55 8.86 10.33 9.71 0.041 0.303 3.126 46 T 9.70 8.87 0.051 0.346 3.896
IC 55 5.01 5.77 537 0.021 0.156 2.896 46 4.79 5.56 5.23 0.024 0.164 3.144
ZB 52 13.70 15.54 14.79 0.054 0.386 2.608 41 11.59 14.27 13.79 0.067 0.430 3.116
CrB 54 9.78 1139 10.70 0.046 0.335 3.134 46 937 10.55 10.01 0.041 0.281 2.803
mdL 53 17.45 18.98 18.19 0.046 0.333 1.829 46 14.81 17.06 16.60 0.064 0.432 2.602
cm3 53 10.02 11.00 10.61 0.028 0.207 1.956 47 8.39 9.99 9.36 0.042 0.286 3.060
ml m3 53 6.14 6.80 6.42 0.023 0.165 2.578 47 532 6.05 5.70 0.021 0.143 2.514
raH 54 5.24 643 591 0.041 0.300 5.080 47 4.02 5.75 5.00 0.061 0.417 8.341
conan 54 2.63 3.74 3.46 0.027 0.196 5.660 47 243 3:52 3.11 0.027 0.182 5.862
coran 53 5.61 7.23 6.71 0.040 0.289 4.300 47 5.07 6.38 6.05 0.041 0.280 4.634
conW 54 1.94 296 2.59 0.026 0.188 7232 47 1.68 2.54 233 0.027 0.188 8.099
M1 (W) 56 2.20 2.67 245 0.013 0.100 4.088 46 1.97 241 2.17 0.014 0.095 4.394
M1 (L)) 56 2.28 2575 2.50 0.014 0.103 4.105 46 191 2:35 2.14 0.015 0.100 4.662
M1 (Ly) 56 1.43 1.74 1.60 0.009 0.069 4294 46 1.24 1.49 1.37 0.010 0.069 5.016
M2 (W) 56 2:77 321 298 0.014 0.106 3.559 46 2.50 2.89 2.65 0014 0.093 3.491
M2 (L)) 56 2.31 2.63 247 0.010 0.078 3.166 46 1.98 2.39 2.18 0.013 0.089 4.091
M2 (L,) 56 1.33 173 1.56 0.010 0.077 4.948 46 1.27 1.49 1.37 0.008 0.056 4.085
M3 (W) 56 2.53 290 2.70 0.012 0.089 3.303 46 2.26 2.78 2:51 0.015 0.104 4.144
M3 (L)) 56 1.84 221 2.01 0.010 0.077 3.846 46 1.57 2.19 1.95 0.015 0.104 5.369
M3 (L,) 56 0.77 1.04 0.90 0.009 0.065 7.182 46 0.72 1.00 0.85 0.009 0.064 7.556
ml (wy) 55 1.37 1.69 1.53 0.011 0.082 5.365 48 1.19 1.51 1.30 0.010 0.072 5.502
ml (wy) 56 1.56 1.88 1.72 0.011 0.083 4.844 48 1.37 1.65 1.49 0.008 0.058 3.879
ml (1) 56 2.03 2.38 220 0.010 0.073 3331 48 1.87 2:15 2.01 0.010 0.069 3424
m2 (wy) 56 1.48 1.98 1.69 0.014 0.107 6.318 48 1.30 1.69 1.45 0.013 0.092 6.347
m2 (w,) 56 1.59 1.93 177 0.012 0.087 4930 48 1.41 1.68 1.53 0.009 0.061 3.997
m2 (1) 56 2.20 247 233 0.008 0.062 2.675 48 1.92 2.21 2.07 0.010 0.070 3.359
m3 (w;) 56 1.33 1.74 1.53 0.012 0.089 5.827 48 1:17 1.49 1.31 0.010 0.070 5.296
m3 (wp) 56 0.67 1.10 0.89 0.010 0.078 8.708 48 0.75 1.02 0.89 0.009 0.062 7.011
m3 (1) 56 1.82 2:31 1.99 0.011 0.080 4.030 48 1.61 1.90 1.78 0.009 0.063 3.520

n, number of measured specimens; min, minimum value of the sample (mm), max, maximum value of the sample (mm), M, mean value (mm); SE,

standard error (mm); SD, standard deviation (mm); CV, coefficient of variation (%)
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Table 2

Summary of the four PCAs performed: the cranium analysis (top left), the mandible analysis (top right), the upper molar row analysis (bottom
left), and the lower molar row analysis (bottom right)

Cranium PCA

PC Eigenvalue % variance
1 3.707 90.627
2 0.128 3.127
3 0.065 1.579
4 0.061 1.486
5 0.046 1.117
6 0.031 0.757
9 0.025 0.609
8 0.017 0.424
9 0.0113 0.276
Jolliffe cut-off: 0.3181

Variable Axis | (coef) Axis 2 (coef) Axis 2 (coef)
CrlL 0.582 -0.355 0.451
CBL 0.570 —0.268 —0.542
CM3 0.306 -0.112 —0.036
M1 M3 0.162 —0.095 0.084
cc 0.147 0.262 0.253
MM 0.246 0.402 0.534
IC 0.042 0.070 —0.038
7B 0.302 0.644 -0.378
CrB 0.202 0.363 —0.045
Upper molar row PCA

PC Eigenvalue % variance

1 0.159 78.871

2 0.0118 5.838

3 0.010 5.093

4 0.007 3339

5 0.005 2.339

6 0.003 1.653

7 0.003 1.241

8 0.002 0.978

9 0.001 0.650

Jolliffe cut-off: 0.01564

Variable Axis 1 (coef) Axis 2 (coef) Axis 2 (coef)
M1 (W) 0.393 0.159 —0.489
M1 (L1) 0.479 —0.582 0.0442
M1 (L2) 0.303 0.139 0.109
M2 (W) 0.459 0.256 —0.369
M2 (L1) 0.384 —0.239 0.390
M2 (L2) 0.263 0.068 0.217
M3 (W) 0.280 0.555 0.037
M3 (L1) 0.126 0.413 0.596
M3 (L2) 0.126 0.105 0.237

Mandible PCA

PC Eigenvalue % variance
1 1.835 88.255

2 0.105 5.051

3 0.062 2.980

4 0.040 1912

S 0.019 0.897

6 0.011 0.549

7 0.007 0.357
Jolliffe cut-off: 0.2079

Variable Axis 1 (coef) Axis 2 (coef) Axis 2 (coef)
mdL 0.657 —-0.390 0.123

cm3 0.485 —0.132 —0.361

ml m3 0.265 -0.207 —0.404
raH 0372 0.877 -0.221
conan 0.157 0.061 0.382
coran 0.292 0.118 0.644
conW 0.125 0.040 0.287
Lower molar row PCA

PC Eigenvalue % variance
1 0.130 82.397

2 0.012 7.854

3 0.006 3912

4 0.003 1.802

5 0.002 1.253

6 0.002 1.028

T 0.001 0.776

8 0.001 0.681

9 0.000* 0.299
Jolliffe cut-off: 0.0123

Variable Axis 1 (coef) Axis 2 (coef) Axis 2 (coef)
ml (wy) 0.356 -0.172 -0.209

ml (wp) 0.360 -0.126 -0.167
ml (1) 0.273 0.546 —0.169
m2 (wy) 0413 —0.381 —0.173

m2 (wp) 0.384 —0.201 0.027

m2 (1) 0.359 0.562 —0.037

m3 (wy) 0.354 -0.229 0.110

m3 (wy) 0.048 —0.186 0.713

m3 (1) 0.309 0.261 0.589

The amount of variance explained by each principal component (PC) expressed as Eigenvalues and percentages; the loadings of the items on each of the

three first axes expressed as regression coefficients (coef)

previous case, all the original variables have positive loadings
on PC1. The mandible parameters generally show quite
strong, positive correlations among one another, with the ma-
jor loadings given by the antero-posterior lengths mdL and
cm3, but they are somewhat smaller for the parameters related
to the condylar process, with the lowest loading corresponding
to conW, the only lateral breadth measured (Table 2, mandible
PCA). The antero-posterior lengths have negative values in
PC2, where the major positive loading corresponds to raH
(a dorso-ventral height) and the major negative loading to
mdL. In PC3, the items coran and conan present the greatest
weights (Table 2, mandible PCA).

Several indices connecting the parameters of the mandibular
ramus to the antero-posterior length of the mandible, as well as
indices connecting the parameters of the mandibular ramus to
each other, were analyzed. The most marked differences be-
tween the two species were observed in raH/mdL, conan/
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raH, coran/raH, and conW/raH (Fig. 5, Table 3). Myotis
blythii shows lower values for raH/mdL, whereas M. myotis
shows lower values for the other three indices. As previously,
no clear-cut differences between the two species are shown,
although coran/raH yields a reasonable degree of difference.

The Molar Biometrics
The Upper Molar Row

The lowest degree of overlap among measurements is ob-
served in the antero-posterior lengths of M1 and M2; on the
other hand, there is quite a wide range of overlapping values
for the parameters relating to M3 (Table 1).

The PCA (matrix: v=9, Dyyotis =55, Dpiymii =46) showed
that the first three principal components accounted for 89.8%
of the total variation (Table 2, upper molar row PCA). The
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Fig. 4 PCA scatter plots; (a) analysis of the cranium; (b) analysis of the
mandible; (¢) analysis of the upper molar row; (d), analysis of the lower
molar row. The first and second principal components were employed as

scatter plot presents two well-separated groups, with the non-
fitting specimens grouped within (or very close to) the 95%
confidence ellipse of M. myotis (Fig. 4c). All the original var-
iables show positive loadings on the first component. The pa-
rameters relating to M1 and M2 show relatively strong corre-
lations between one another, in descending order the major
loadings are given by M1(L;), M2(W), M1(W), and
M2(L;). M3(W) shows a notable correlation with the parame-
ters of the other two molars, but not M3(L;) and M3(L,),
which present the lowest loadings on PC1 (Table 2, upper
molar row PCA). The variables measuring M3(W) and
M3(L,) have the major positive loadings on PC2, and the
greatest negative value is given by M1(Ly). M3(L,) gives the
greatest positive loading on PC3 (Table 2, upper molar row
PCA). When analyzing the ratio of the parameters of length
and width for the same molar, or for one molar with another
molar, or for one molar with the total length of the molar row,
the most marked differences between the two species were
observed in M3(L;)/M3(W), M3(W)/M2(W), M3(L,)/
M1 M3, and M3(W)/M1 M3 (Fig. 5, Table 3). These all
showed lower values for M. myotis (Fig. 5). Notable differences
were also observed in the relationships M2(L,;)/M1 M3 and
MI1(L,)/M1 M3, with lower values for M. blythii, but these
were reporting the same phenomenon as the previous values,
as the relative length of M3 was larger in this species.

The Lower Molar Row

The lowest degree of overlap among measurements is ob-
served in the antero-posterior lengths (I) of both m1 and
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axes; eigenvalue scale; 95% confidence ellipse of each group represented;
M. blythii in grey dots, M. myotis in black dots, anomalous individuals in
white circles

m2; by contrast, there is quite a wide range of overlapping
values for the parameters relating to m3, as well as the
labio-lingual widths of the trigonid (w;) and the talonid
(wz) of ml and m2 (Table 1).

The PCA (matrix: v=9, Nnyotis =57, Npiywmii = 48)
showed that the first three principal components accounted
for 94.2% of the total variation (Table 2, lower molar row
PCA). In the scatter plot obtained, the two groups appear
well separated. Two of the non-fitting specimens appeared
within the 95% confidence ellipse of M. myotis and one in
the M. blythii ellipse (Fig. 4d). All the original variables
show a strong correlation to each other, with high positive
loadings on PC1 except for m3(w,), and the greatest load-
ings are given by m2(w;) and m2(w,) (Table 2, lower
molar row PCA). All items measuring lateral widths have
negative coefficients in PC2, where the largest positive
loadings are given by m2(l) and m1(l), and the largest
negative loading by m2(w;). Major loadings on PC3 are
given by m3(w;) and m3(l) (Table 2, lower molar row
PCA). The values obtained for several indices were ana-
lyzed as in the previous cases (Fig. 5, Table 3). The main
differences between the species observed for m3 were giv-
en by the relationships m3(w;)/m3(wy) and m3(w;)/m3(l),
with lower values for M. myotis (Fig. 5). The indices show-
ing the main differences for m2 were m2(w;)/m2(1) and
m2(w,)/m2(l), with lower values for M. blythii (Fig. 5).
The indices showing the main differences for m1 were
ml(w;)/m1(l) and m1(w,)/m1(l), both with lower values
for M. blythii; and m1(1)/m1 m3, with lower values for
M. myotis (Fig. 5).
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Fig.5 Box-and-whisker plots of ZB/CLB IC/CLB IC/ZB IC/CrB
the indices found to express the
greatest differences between the 0.70 0.276 0432 g 0.58 4
two species; M. myotis in dark 068 0.264 0 0.408 2 $
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Predictive Models for Molars in Extant Iberian Populations Discussion

A total of 14 discriminant functions were obtained on the basis
of the molar parameters measured in this work. For all these
functions, those individuals yielding values above 0 will prob-
ably belong to M. myotis, whereas individuals with values un-
der 0 will belong to M. blythii. The majority of the models
present a reasonably high quality of prediction (above 95%)
except model ¢ (for isolated M3) (Table 4). In general, the
models for the upper molar row show higher values for predic-
tive quality than those for the lower row. When considering
isolated molars, the predictive quality is greater for the first
and the second molars than for the third molar of both the upper
and lower rows. Finally, the predictive quality of the models
increases when more than one tooth is taken into account.

@ Springer

Intraspecific Variability and Non-fitting Specimens

As suggested in previous works on the cranial biometrics of
these two sibling species, there is no sexual dimorphism
(Arlettaz 1995; Bachanek and Postawa 2010). The PCAs on
cranium and mandible traits showed two outliers in the
M. blythii cluster (Fig. 4b). The permanent dentition had al-
ready outcropped in all, but we observed that the teeth did not
show any wear. Considering that the two individuals fall within
the M. blythii cluster when molar traits were analyzed, the out-
lying position in the first two PCAs probably reflect their still
ongoing growth; i.e., they did not yet attain the adult size.
Regarding the three non-fitting individuals, all of which are
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Table 3 F and t statistics for the indices found to express the greatest
differences between the two species

F p t p
ZB/CLB 1032 0,908 —4463 0,000
IC/CLB 1040 0,888 -9077 0,000
1C/ZB 1345 0318 —5904 0,000%*
IC/CrB 1345 0318 -5904 0,000%*
raH/mdL 2757 0,000 5906 0,000
conan/raH 3828 0,000 -3993 0,000
coran/raH 3539 0,000 —4862 0,000
conW/raH 1740 0,052 —3525 0,000
M3(L1)/M3(W) 1289 0,361 —4203 0,000
M3(W)M2(W) 1285 0,383 —6479 0,000
M3(L1)MI1 M3 1008 0,988 —7583 0,000%*
M3(W)M1 M3 1143 0,654 —4695 0,000%
ml(wl)/ml() 1309 0,347 5360 0,000%*
ml(w2)/m1() 1337 0312 —7979 0,000*
m2(w1)/m2(1) 1042 0,877 2901 0,0045
m2(w2)/m2(1) 1173 0,578 2952 0,0039
m3(w2)/m3(l) 1505 0,154 4912 0,000%*
m3(wl)/ml(l) 1170 0,587 —10,641 0,000%*
ml()/ml m3 1352 0,293 —4197 0,000%*

adults, the PCA results reflect the same incongruence as the
preliminary reassignment tests in at least two of the specimens,
which fall within the M. blythii cluster when cranium and/or
mandible parameters are analyzed, but within the M. myotis
cluster when the molar parameters are studied (Fig. 4). The
third specimen falls within the M. blythii cluster when the cra-
nium, mandible, and lower molar parameters are analyzed, and
close to the M. myotis cluster when the upper molar parameters
are under analysis. A possible explanation for these character-
istics could be the occurrence of hybridization. Hybrid speci-
mens are known to occur in areas where the two species live in
sympatry (Berthier et al. 2006; Bachanek and Postawa 2010;
Afonso et al. 2017). Bachanek and Postawa (2010) reported
hybrids from the Carpathian Basin that were similar in skull
size to M. myotis but have a tooth-row configuration similar to
M. blythii, in contrast to our results. The authors argued that in
many cases of interbreeding among closely-related species of
small mammals, the first generation of hybrid specimens rarely
shows intermediate forms but rather inherits most of the fea-
tures from one of the parental forms, although in some aspects
they may present characters of the other parent, or display het-
erotic effects differing from both of the parents. The non-fitting
individuals detected here could indeed be hybrids, but no de-
finitive affirmation can be made in this regard without a genetic
analysis of the specimens.

Differences in Size

The results corroborate the existence of significant differences
in cranial size between the two groups, as established by many
previous works on this feature (Arlettaz 1995; Benda and
Horagek 1995a, b; Arlettaz et al. 1997; Evin et al. 2008;

Table 4 Coefficients and constants provided for the discrimination
functions obtained for each model, and the predictive quality of the
models

Model Molar Coefficients Predictive
W) Ly (Ly) Constant  Quality
a Ml 14,996 24,685 27,341 135469  98.02%
b M2 24,169 34,238 22,345 180.026  100%
c M3 23,503 —2,7526 15,063 68.8935  90.01%
d Ml 3.6624 14.793 15.255 191.146  100%
M2 17.058 25.405 12.887
e M2 27.079 39.493 22.622 185274  100%
M3 24416 -19.26 18.525
f Ml 11.574 35.422 18.205 189345  100%
M3 19.413 -13.659 34.297
g Ml 5.1514 23.717 9.1204 215338  100%
M2 15.077 26.78 12.544
M3 9.8933 —20.21 30.09
Coefficients Predictive
Model Molar  (w;) (Wz) ) Constant  Quality
h ml 9.077 26412 26.622 111444  97.17%
i m2 —4.9247 34.612 36.17 129261  97.17%
j m3 26.103 —35468 45442 91.2434  96%
k ml 20.407 6.1622 -12507 193.14 100%
m2 —27.205 47.864 54.919
1 m2 -12.449 55227 51.069 195285  99.03%
m3 3.4462 —38.903 21.877
m ml 19.585 17.72 23.145 164.182  100%
m3 8.3214 —40.279 44324
n ml 33.569 —0.66253 —3.403 205.567  99.03%
m2 -30.369 58.278 49.285
m3 —3.5958 —41.473 27.42

On the top, models for the upper molar row; on the bottom, models for the
lower molar row

Bachanek and Postawa 2010; Furman et al. 2014). Both the
cranial and the molar analyses indicated that the main differ-
ences between the two species are due to size (as indicated by
Topal and Tusnadi 1963; Dupuis 1986; Menu and Popelard
1987; Sevilla 1988; Arlettaz 1995; Benda and Horacek
1995a, b; Arlettaz et al. 1997; among others), and that these
differences in size are mainly expressed by the antero-posterior
lengths of the skull. The following biometric parameters have
been found to provide the best differentiation between extant
Iberian M. myotis and M. blythii: for cranial and mandible traits
CrL, CBL, CM3, mdL, and cm3; for molar traits M1(L;),
M2(W), M2(L;), m2(l), m2(w,), m1(w,), and ml(w,). All
these items have been employed in the previous literature as
discriminating tools ( Dupuis 1986; Menu and Popelard 1987;
de Paz and Benzal 1991; Arlettaz 1995; Benda and Horacek
1995a, b; Arlettaz et al. 1997; Jenrich et al. 2012; among
others), although our results provide slightly lower values for
both species (specially for M. myotis). This is due to having
focused our study on extant Iberian populations, which are
smaller in size than other populations from continental
Europe (Topal and Tusnadi 1963; Sevilla 1988; Arlettaz
1995; Benda and Horacek 1995a, b; Arlettaz et al. 1997; among
others). Thus, the biometrics given here are better fitted for the
purpose of identifying Iberian specimens of large Myotis and
may prove helpful in assigning the fragmentary fossil material
that in many cases remains undetermined. Further, we here
provide several predictive models based on molar
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measurements for this purpose, following the work of Ghazali
(2009). The predictive quality of models ¢ and j (Table 4), for
molars M3 and m3, respectively, is weaker than that of the
models for isolated first and second molars (both upper and
lower). This is consistent with the fact that the first and second
molars show clear-cut differences in size between the two spe-
cies in our sample, as was also observed in lower teeth by
Ghazali (2009). The models for lower molars provided by
Ghazali (2009) based on Eastern European samples have been
applied to Iberian samples, and their predictive quality com-
pared with the quality of our models. The amount of correctly
assigned specimens was almost equal in the two cases; unlike
univariate or bivariate analyses, multivariate models based on
extant Iberian populations do not provide a clearly superior
diagnostic quality when applied to Iberian samples than models
based on populations from other regions. Nevertheless, here we
provide reliable models for upper molars and also for the com-
bination of m1 and m3 as a complementary tool (Table 4).

Differences in Shape

Here we observe that M. myotis shows a major degree of
cranial elongation together with a relatively lower interorbital
constriction width, whereas M. blythii is characterized by a
relatively broader cranium and a shorter rostrum. This con-
firms studies of previous authors who already established
these differences using other approaches (e.g., Evin et al.
2008; Jenrich et al. 2012; Ghazali and Dzeverin 2013). Evin
et al. (2008) interpreted them as being the result of different
feeding adaptations. Both species have an insectivorous,
durophagous diet (Ghazali and Dzeverin 2013). Myotis myotis
feeds on arelatively harder diet than M. blythii (Arlettaz 1996;
Evin et al. 2008), and so a more robust cranium and shorter
rostrum should be expected according to Freeman (1981,
2000). However, Ghazali and Dzeverin (2013) indicated that
this pattern is not shown by these two Myofis species, where
the larger cranial size of M. myotis apparently allows a stron-
ger masticatory musculature in spite of having a relatively
more elongated skull and rostrum.

The two species also differ in the shape of the mandibular
ramus. Myotis myotis shows a tendency to have higher rami,
with less projected condylar and angular processes and narrower
condyles than the other species. By contrast, M. blythii is char-
acterized by lower rami, and by condylar and angular processes
that project posteriorward more markedly. A mandibular ramus
with higher coronoid processes in M. myotis has also been de-
scribed in Jenrich et al. (2012), and the development of higher
coronoid processes in genus Myotis has been associated with
harder diets by Ghazali and Dzeverin (2013).

In M. myotis the length and width of M3 are reduced in
comparison to the length of the upper tooth row, confirming
Jenrich et al. (2012). Also the m3 talonid is reduced (in
agreement with, e.g., Topal and Tusnadi 1963; Mein 1975;
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Sevilla 1988; Jenrich et al. 2012), and the m1 length is short-
ened. This might reflect dietary adaptation. According to
Ghazali and Dzeverin (2013), the contribution of the second
molars to the total area of the molar row increases significantly
with increasing hardness of the diet in genus Myotis. Myotis
blythii shows a tendency to compress ml and m2 laterally,
producing a more elongated shape in the direction of the tooth
row (a characteristic also indicated by Jenrich et al. 2012); the
more robust lower molars in M. myotis by comparison could
also be an adaptation to a harder diet. The shape of the lower
molar row shows greater differences between the species than
the upper one. Finally, although the degree of reduction of the
m3 talonid in M. myotis has been considered diagnostic (Topal
and Tusnadi 1963; Mein 1975; Sevilla 1988; Lopez-Garcia
2011; among others), we found that it is not a valid criterion
by itself. Our results show a non-negligible amount of overlap
between the two taxa for the index m3(w,)/m3(l). The overlap
is smaller when the reduction of the talonid is compared to the
trigonid width instead of the total length of the molar, i.e., index
m3(w,)/m3(w;) (Fig. 5). Although the indices presented here
(Fig. 5) cannot be employed as diagnostic criteria (they do not
show a clear-cut differentiation between M. myotis and
M. blythii), they do allow a quantitative evaluation of the dif-
ferences in anatomical traits between the two species.

Conclusions

The cranial and molar biometry of a sample of the extant
Iberian populations of the M. myotis/M. blythii complex was
studied here. Two forms can be distinguished beyond any
doubt, corresponding to the two species M. myotis and
M. blythii s.1. Three individuals that showed incongruent re-
sults in the preliminary reassignment tests also displayed op-
posite affinities when the cranial or dental parameters
underwent PCA. Hybridization could explain the characteris-
tics of these specimens, but this cannot be confirmed defini-
tively without genetic analysis.

In this work we corroborate that there are no significant
differences due to sex in the size and proportions of the cra-
nium and the molars of these species. Our work also corrob-
orates that even if the amount of size overlap between the two
species is non-negligible, some cranial and dental parameters
allow a reasonably good differentiation. According to our re-
sults these parameters are the antero-posterior lengths of the
cranium and mandible, and the traits of the first and second
upper and lower molars. The set of parameters provided here
are measured exclusively on extant Iberian large Myotis pop-
ulations, and may prove helpful in assigning the fragmentary
fossil material from Iberian sites that remains undetermined.
As a new feature, we present predictive models for isolated
molar identification, not only for lower molars but also for the
upper ones. In this work we also present a set of indices that
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allow a quantitative evaluation of the differences in anatomi-
cal traits between the two taxa. By means of these indices, a
general trend towards a major elongation of the skull in
M. myotis together with some gracilization of the rostrum
can be recognized, mainly expressed in this species as a
narrower interorbital constriction. In M. blythii, the lateral sur-
face of the muscle insertions of the mandibular ramus is
projected posteriorward more markedly, and the condyle is
wider than in M. myotis, where the ramus is projected in a
dorsal direction. M. myotis presents a reduction in the relative
size of M3 and m3, as well as a shortened m1, whereas
M. blythii shows a more laterally compressed, less robust m1
and m2. Most of these differences are probably related to
feeding adaptations. Although their use as a diagnostic tools
should be cautious due to the wide degree of overlap between
the two species (even the reduction index of the m3 talonid,
which has been widely used in the previous literature), this
approach can be applied to the study of fragmentary fossil
remains in order to observe if the two taxa have maintained
these anatomical traits through time.

In further studies, we plan to compare these extant data
with our Pleistocene fossils from Atapuerca and other
Iberian paleontological sites.

Acknowledgements We are very grateful to the curators of the Collection
of the Estacion Biologica de Doiiana (EBD-CSIC) and the specialists in
Chiroptera C. Ibaiez and J. Juste. We would like to acknowledge our
colleague J. Esteve for his advice on data processing during the first
stages of the study, and E. Angel for his help with statistics. R.
Glasgow corrected the English of the manuscript. The two anonymous
referees have greatly improved the quality of the work with their com-
ments. The projects MICICINN CGL2012-38434-C03-01, CGL2012-
38434-C03-03, CGL2012-38358, CGL2015-65387-C3-2-P (MINECO/
FEDER), and the institutions Junta de Castilla y Leon, Fundacion
Atapuerca and Grupos Consolidados del Gobierno de Aragén made this
work possible. J. Galan and C. Nufez-Lahuerta are recipients of PhD
grants from the Diputacién General de Aragon (DGA), co-financed by
the European Social Fund (FSE) of the European Union.

References

Afonso E, Goydadin A-C, Giraudoux P, Famy G (2017) Investigating
hybridization between the two sibling bat species Myotis myotis and
M. blythii from guano in a natural mixed matemity colony. PLoS
One 12(2):e0170534

Arlettaz R (1995) Ecology of the sibling species Myotis myotis and
Myotis blythii. Dissertation, University of Lausanne

Arlettaz R (1996) Feeding behaviour and foraging strategy of free-living
mouse-eared bats, Myotis myotis and Myotis blythii. Anim Behav
S1(1):1-11

Arlettaz R (1999) Habitat selection as a major resource partitioning mech-
anism between the two sympatric sibling bat species Myotis myotis
and Myotis blythii. ] Anim Ecol 68(3):460-471

Arlettaz R, Ruedi M, Ibafiez C, Palmeirim J, Hausser J (1997) A new
perspective on the zoogeography of the sibling mouse-eared bat
species Myotis myotis and Myotis blythii: morphological, genetical
and ecological evidence. J Zool 242(1):45-62

Bachanek J, Postawa T (2010) Morphological evidence for hybridization
in the sister species Myotis myotis and Myotis oxygnathus
(Chiroptera: Vespertilionidae) in the Carpathian Basin. Acta
Chiropterol 12(2):439-448

Benda P (1996) To the suitability of some cranial criteria for the determi-
nation of mouse-eared bats (Myotis myotis and Myotis blythii). Lynx
27:5-12

Benda P, Horacek I (1995a) Biometrics of Myotis myotis and Myotis
blythi. Myotis 32(33):45-55

Benda P, Horacek I (1995b) Geographic variation in three species of
Myotis (Mammalia: Chiroptera) in south of the western
Palearctics. Acta Soc Zool Bohem 59(1-2):17-39

Berthier P, Excoffier L, Ruedi M (2006) Recurrent replacement of
mtDNA and cryptic hybridization between two sibling bat species
Myotis myotis and Myotis blythii. Proc R Soc Lond B Biol Sci
273(1605):3101-3123

Bogan MA, Setzer HW, Findley JS, Wilson DE (1978) Phenetics of
Myotis blythii in Morocco. In: Proceedings of the Fourth
International Bat Research Conference, Nairobi, pp. 217-230

Bogdanowicz W, Van Den Bussche RA, Gajewska M, Postawa T,
Harutyunyan M (2009) Ancient and contemporary DNA sheds light
on the history of mouse-eared bats in Europe and the Caucasus. Acta
Chiropterol 11(2):289-305

Castella V, Ruedi M, Excoffier L, Ibafiez C, Arlettaz R, Hausser J (2000)
Is the Gibraltar Strait a barrier to gene flow for the bat Myotis myotis
(Chiroptera: Vespertilionidae)? Mol Ecol 9(11):1761-1772

Corbet GB (1978) The mammals of the Palaearctic region: a taxonomic
review. British Museum (Natural History), London

Cuenca-Bescos G, Straus LG, Garcia-Pimienta JC, Morales MG, Lopez-
Garcia JM (2010) Late Quatermnary small mammal turnover in the
Cantabrian region: the extinction of Pliomys lenki (Rodentia,
Mammalia). Quaternary Intematl 212(2):129-136

Dempster AP, Laird NM, Rubin DB (1977) Maximum likelihood from
incomplete data via the EM algorithm. J Roy Stat Soc Ser B (Meth)
39(1):1-38

Dietz C, von Helversen O, Nill D (2009) L’encyclopédie des chauves-
souris d’Europe et d’Afrique du Nord: biologie, caractéristiques,
protection. Delachaux et Niestlé, Paris

Dupuis I (1986) Les Chiropteres du Quaternaire en France. Mémoire de
Maitrise de I’Université de Paris I, Paris

Dzeverin II, Strelkov PP (2008) Taxonomic status of Myotis blythii
(Chiroptera, Vespertilionidae) from the Altai. Zool Zh 87:973-982

Evin A, Baylac M, Ruedi M, Mucedda M, Pons J (2008) Taxonomy, skull
diversity and evolution in a species complex of Myotis (Chiroptera:
Vespertilionidae): a geometric morphometric appraisal. Biol J Linn
Soc 95(3):529-538

Felten H, Spitzenberger F, Storch G (1977) Zur Kleinsdugerfauna West-
Anatoliens. Teil Illa. Senckenberg Biol 58:1-44

Freeman PW (1981) Correspondence of food habits and morphology in
insectivorous bats. J] Mammal 62(1):164—-166

Freeman PW (2000) Macroevolution in Microchiroptera: recoupling
morphology and ecology with phylogeny. Evol Ecol Res 2(3):
317-335

Furman A, Coraman E, Celik YE, Postawa T, Bachanek J, Ruedi M
(2014) Cytonuclear discordance and the species status of Myotfis
myotis and Myotis blythii (Chiroptera). Zool Scripta 43(6):549-561

Galan J, Cuenca-Bescos G, Lopez-Garcia JM (2016a) The fossil bat
assemblage of Sima del Elefante lower red unit (Atapuerca,
Spain): first results and contribution to the palacoenvironmental ap-
proach to the site. C R Palevol 15(6):647-657

Galan J, Cuenca-Bescos G, Lopez-Garcia JM, Sauqué V, Nunez-Lahuerta
C (2016b) Fossil bats from the late Pleistocene site of the Aguilon
P7 cave (Zaragoza, Spain). C R Palevol 15(5):501-514

Ghazali M (2009) Identification of Myotis blythii and M. myotis
(Chiroptera, Vespertilionidae) from Eastern Europe based on the
measurements of lower teeth. Vestnik zoologii 43(5):403—408

@ Springer

251



J Mammal Evol

Ghazali M, Dzeverin I (2013) Correlations between hardness of food and
craniodental traits in nine Myotis species (Chiroptera,
Vespertilionidae). Vestnik zoologii 47(1):67-76.

Gulia G (1913) Uno Sguardo alla Zoologia delle Isole Maltesi. In: IX
International Congress of Zoology, March 1913, Monaco, pp 545—
555

Hammer @, Harper DAT, Ryan PD (2001) PAST: paleontological statis-
tics software package for education and data analysis. Palacontol
Electron 4(1):1-9

Hewitt GM (1996) Some genetic consequences of ice ages, and their role
in divergence and speciation. Biol J Linn Soc 58:247-276

Hewitt GM (1999) Post-glacial re-colonization of European biota. Biol J
Linn Soc 68:87-112

Hewitt GM (2000) The genetic legacy of the Quaternary ice ages. Nature
405:907-913

Jenrich J, Lohr P-W, Miiller F, Vierhaus H (2012) Fledermause.
Bildbestimmungsschliissel anhand von Schidelmerkmalen. Imhof
Verlag, Fulda

Kowalski K, Ruprecht A (1981) Order bats-Chiroptera. In: Pucek Z (ed)
Keys to Vertebrates of Poland. Polish Scienlilic Publishers, Warsaw,
pp 101-154

Lanza B (1959) Chiroptera Blumenbach, 1774. In: Toschi A, Lanza B
(ed) Fauna d’Italia, Vol. IV, Mammalia, generalita, Insectivora,
Chiroptera. Ed. Calderini, Bologna, pp 187-473

Lopez-Garcia JM (2011) Los micromamiferos del Pleistoceno superior de
la Peninsula Ibérica. Evolucion de la diversidad taxonémica y
cambios paleoambientales y paleoclimaticos. Editorial Académica
Espariola, Saarbriicken

Mein P (1975) Les Chiropteres (Mammalia) du gisement Pléistocene
moyen des Abimes de la Fage a Noailles (Corréze). Nouvelle
Archives du Musée d’Histoire naturelle de Lyon 13:57-67

Menu H, Popelard J-B (1987) Utilisation des caracteres dentaires pour la
détermination des Vespertilionines de 1’Ouest Européen. Le
Rhinolophe 4:1-88

Mitchell-Jones T (2017) Mammal mapping, European-mammals.org.
https://www.european-mammals.org/php/mapmaker.php

a Springer

Palomo LJ, Gisbert J, Blanco JC (2007) Atlas y Libro Rojo de los
Mamiferos Terrestres de Espana. Direccion General para la
Biodiversidad-SECEM-SECEMU, Madrid

Paz O de, Benzal J (1991) Los refugios importantes y su valoracion
ecoldgica para los murciélagos espaiioles. Los murciélagos de
Espaiia y Portugal 1(1):3-140

Ruedi M, Castella V (2003) Genetic consequences of the ice ages on
nurseries of the bat Myotis myotis: A mitochondrial and nuclear
survey. Mol Ecol 12(6):1527-1540

Ruedi M, Mayer F (2001) Molecular systematics of bats of the genus
Myotis (Vespertilionidae) suggest deterministic ecomorphological
convergences. Mol Phylogenet Evol 21:436-448

Sauqué V, Cuenca-Bescds G (2013) The Iberian peninsula, the last
European refugium of Panthera pardus Linnaeus 1758 during the
upper Pleistocene. Quaternaire 24(1):35-48

Sevilla P (1988) Estudio Paleontologico de los Quirdpteros del
Cuaternario espailol. Paleontologia i Evolucio 22:113-233

Sevilla P (1989) Quaternary Fauna of bats in Spain: Paleoecologie and
biogeographic interest. In: Hanak V, Horacek I, Gaisler J (ed)
European Bat Research 1987. Charles University Press, Praga, pp
349-355

Simmons NB (2005) Order Chiroptera. In: Wilson DE, Reeder DM (Ed)
Mammal Species of the World: A Taxonomic and Geographic
Reference, 3" edition. Johns Hopkins University Press, Baltimore,
pp 312-529

Strelkov PP (1972) Myotis blythii (tomes, 1857): Distribution, geograph-
ical variability and differences from Myotis myotis (Borkhausen,
1797). Acta Theriol 17:355-380

Topal G, Ruedi M (2001) Myotis blythii (tomes, 1857) — Kleines
Mausohr. In: Krapp F (ed) Handbuch der Séugetiere Europas Bd
4/1 (Fledertiere). AULAVerlag, GmbH, Wiebelsheim, pp 209-255

Topal G, Tusnadi G (1963) Data for the craniometric investigation of
Mpyotis myotis Borkh. and Myotis oxygnathus Montic. in Hungary
(Mammalia). In: Annales historico-naturales Musei nationalis
hungarici (Vol. 55). Gondolat Kiado, Budapest, pp 543549

252



C.R. Palevol 15 (2016) 647-657

Comptes Rendus Palevol

Contents lists available at ScienceDirect

www.sciencedirect.com

General Palaeontology, Systematics and Evolution (Vertebrate Palaeontology)

The fossil bat assemblage of Sima del Elefante Lower Red Unit @Cmmk
(Atapuerca, Spain): First results and contribution to the
palaeoenvironmental approach to the site

L’assemblage des chauves-souris fossiles de I'Unité inférieure rouge de
Sima del Elefante (Atapuerca, Espagne) : premiers résultats et
contribution a I'approche paléoenvironnementale du site

Julia Galan®*, Gloria Cuenca-Besc6s?, Juan Manuel Lopez-Garcia ¢

a Grupo Aragosaurus-IUCA, Area de Paleontologia, Departamento de Ciencias de la Tierra, Facultad de Ciencias, Universidad de

Zaragoza, C. Pedro Cerbuna 12, 50009 Zaragoza, Spain

b JPHES, Institut Catala de Paleoecologia Humana i Evolucié Social, Campus Sescelades URV, edifici W3, 43007 Tarragona, Spain
< Area de Prehistoria, Universitat Rovira i Virgili (URV), Avinguda de Catalunya 35, 43002 Tarragona, Spain

A R'TICLE INEO

Article history:

Received 7 February 2015
Accepted after revision 3 June 2015
Available online 12 August 2015

Handled by Hugues-Alexandre Blain

Keywords:

Chiroptera

Sima del Elefante
Atapuerca karst localities
Early Pleistocene
Palaeoenvironment

Mots clés :

Chiroptera

Sima del Elefante

Localités karstiques de Atapuerca
Pléistocéne inférieur
Paléoenvironnement

* Corresponding author.

E-mail address: galanj@unizar.es (J. Galan).

http://dx.doi.org/10.1016/j.crpv.2015.06.002

ABSTRACT

The fossil bat assemblage from the Lower Red Unit of Sima del Elefante (TELRU) in Atapuerca
(Burgos, Spain) has been exhaustively analysed for the first time. Bat fossil assemblages are
of particular relevance to palaeoenvironmental approaches to sites. Here we integrate our
new data on the chiropteran fauna with the data provided previously by other authors on
the basis of the small-vertebrate assemblages and the palynology of the site. Our results
are consistent with the earlier results in that they indicate a generally warmer climate than
at present in the area and stable environmental conditions throughout the major part of
the TELRU sequence. However, fossil bat assemblages sometimes lead to problems when
they are used in landscape reconstruction. These problems are discussed here and should
be taken into account in future works.

© 2015 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

RESUME

L'assemblage des chauves-souris fossiles de I'Unité inférieure rouge de Sima del Ele-
fante (TELRU), a Atapuerca, en Espagne, a été analysé de maniére exhaustive pour la
premiére fois. Les assemblages de chauves-souris fossiles sont intéressants pour les
approches paléoenvironnementales. Ici, nous intégrons nos nouvelles données paléoen-
vironnementales a partir de la faune de chiroptéres dans celles précédemment fournies
par d'autres auteurs sur la base des petits assemblages de vertébrés et de la paly-
nologie du site. Nos résultats sont cohérents avec les leurs, indiquant un climat plus
chaud que le climat général actuel dans la région et des conditions environnementales

1631-0683/© 2015 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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stables a travers la majeure partie de la séquence TELRU. Cependant, les assemblages fos-
siles de chauves-souris conduisent parfois a des probléemes quand ils sont utilisés pour la
reconstruction du paysage. Ces problémes sont abordés ici et devraient étre pris en compte

dans les études futures.

© 2015 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.

1. Introduction

Fossil chiropteran assemblages are interesting
palaeoenvironmental indicators in Quaternary sites
mainly due to the specific habitat preferences of bats.
Bats are only occasionally preyed upon by owls and other
predators such as carnivorous mammals, snakes or lizards,
which means that frequently they are hardly represented
in fossil small-vertebrate assemblages (Garcia et al., 2005;
Kowalski, 1995; Rosina and Shokhrin, 2011; Sommer et al.,
2009). In some circumstances, however, the formation
of exceptionally abundant, well-preserved fossil bat
assemblages may occur within karst-cavity fillings as the
thanatocoenosis generated when the individuals of a bat
colony roosting inside the cave die and accumulate in situ
(Lopez-Garcia and Sevilla, 2012). Thus, as bat assemblages
are not necessarily produced by the same processes as
other small-vertebrate assemblages, we think that they
may provide a valuable independent source of palaeoen-
vironmental information. This confers great importance
upon the study of this group of flying mammals.

The fossil bat assemblage from the Lower Red Unit of
Sima del Elefante (TELRU) in Atapuerca (Burgos, Spain) has
been exhaustively analysed here for the first time.

The Sima del Elefante site in the Sierra de Ata-
puerca (Fig. 1), also called Trinchera Elefante (TE), is an
archaeo-palaeontological locality where some of the old-
est European hominine remains have been found. More
specifically, an incomplete jaw bone was recovered in level
TE9c, ca ~1.22 Ma, which is the oldest hominin fossil
found in western Europe and was provisionally attributed
to Homo antecessor (Carbonell et al., 2008) although it is
currently under revision (Bermudez de Castro etal., 2011).
The study of this level together with the other levels that
make up the Early Pleistocene stratigraphic sequence of TE,
known as TELRU (Trinchera Elefante-Lower Red Unit), is of
great importance in understanding the physical and eco-
logical factors that led to the rapid occupation of Europe
by hominins, as well as the evolution of these hominins.
The analysis of the fossils of small vertebrates from TELRU
such as insectivores, rodents, lagomorphs, amphibians and
squamate reptiles has already been employed success-
fully as part of a palaeoenvironmental approach to the
site (Blain et al., 2010; Cuenca-Bescés et al., 2013, 2015;
Rodriguez et al., 2011; Cuenca-Bescos and Rofes, 2004;
Rofes and Cuenca-Bescés, 2009). However, the remains of
chiropters from the site have remained poorly studied to
date. Here we integrate our new data on the chiropteran
fauna of the site with the data provided by these previous
works. In addition, this study is of particular importance
since the Iberian fossil bat assemblages reported from this
time period (such as those from the Guadix-Baza sites or
the Almenara-Casablanca site) are rather scarce (Agusti

et al.,, 2011; Sesé Benito and Sevilla Garcia, 1996; Sevilla,
1988).

2. The locality

The Sierra de Atapuerca (Burgos, Spain) rises about
1080 masl (meters above sea level), dominating the flat
landscape of the Castilian plains. It comprises a set of Qua-
ternary localities containing a very complete stratigraphic
and palaeontological record (Fig. 1). The deposits — which
have been studied and dated in great detail — are detritic
sediments filling a complex karst system which was devel-
oped in the Cretaceous limestone of the area during the
Pliocene and Early Pleistocene. The Sima del Elefante strati-
graphicsection (Fig. 1) comprises 16 excavated levels (from
TE7 to TE21), grouped into three sedimentary phases. The
lower phase of TELRU studied in the present paper ranges
from TE7 to TE14. The site was an old output point for
groundwater flow from the intermediate level of the Cueva
Mayor Complex (Ortegaetal., 2013). By the time that TELRU
was deposited the opening of the pit was suspended on the
mountain slope due to the fall of the base level, becoming
acave entrance which connected this intermediate level of
Cueva Mayor — a vadose karst-conduit by then — with the
outside. The TELRU levels are formed by detritic sediments
from the immediate vicinity, displaying a marked inclina-
tion of the strata. Furthermore, they are extremely rich
in faunal remains: amphibians, reptiles, birds and mam-
mals (bats, rodents, insectivores, lagomorphs, in addition
to large herbivores and carnivores).

In addition to the palaeomagnetic and cosmogenic data,
which give an Early Pleistocene age for the TELRU lev-
els, from a biostratigraphic perspective the vertebrates
of the TELRU levels represent Atapuerca Faunal Unit 1
(FU 1) (Cuenca-Bescés and Garcia, 2007; Cuenca-Bescés
et al,, 2010, 2013, 2015), i.e. the oldest FU of the Ata-
puerca record, which is also Early Pleistocene in age. No
further biostratigraphic subdivisions have been identified
so far within Atapuerca FU 1 because TELRU has identical
small-mammal assemblages from level TE7 to level TE14
(Cuenca-Bescés et al., 2010, 2013, 2015; Rofes and Cuenca-
Bescos, 2006, 2009, 2011, 2013).

3. Material and methods
3.1. Sample processing and fossil sorting

The studied material consists of disarticulated cranial
and postcranial bat remains collected by water-screening
the rock matrix obtained during the excavation field cam-
paigns at the Atapuerca sites. A system of towers of
superimposed sieves arranged in parallel was used to this
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Fig. 1. A. Geographical and geological location of the Sima del Elefante site in the Sierra de Atapuerca. B. Schematic plan of the Sierra de Atapuerca karstic
system (modified from Ortega et al., 2013). C. Sima del Elefante profile (modified from Cuenca et al., 2013). D. Stratigraphic sequence of TELRU (modified

from Blain et al., 2010).

Fig. 1. A. Situation géographique et géologique du site de Sima del Elefante, dans la Sierra de Atapuerca. B. Plan schématique du systéme karstique de la
Sierra de Atapuerca (modifié d'aprés Ortega et al., 2013). C. Profil de Sima del Elefante (modifié d’aprés Cuenca et al., 2013). D. Séquence stratigraphique

de TELRU (modifié d'aprés Blain et al., 2010).

end; the sieves were provided with 10, 5 and 0.5 mm mesh.
Each sample was bagged by square, layer and excava-
tion sub-level (see a general explanation of the method in
Cuenca-Bescos et al.,, 2015).

The sediments were excavated at the Sima del Elefante
site from 1996 to 2007. The samples from each level have
been studied as independent assemblages so we can com-
pare the evolution of the fossil bat assemblages from the
bottom to the top of the TELRU stratigraphic sequence.

The assemblage of fossil bat’s bones recovered and stud-
ied comprise a total of 353 remains corresponding to a
minimum number of 56 individuals (Table 1). These were
mainly identified following the palaeontological criteria
(morphological features and measurements) proposed by
the following authors: for cranial remains Dupuis (1986),
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Menu and Popelard (1987) and Sevilla (1988); for humeri
Dupuis (1986) and Felten et al. (1973); for the other
postcranial elements the remains recovered were com-
pared with extant specimens belonging to the Dofiana
Biological Station-CSIC, the Aragosaurus Group-IUCA and
the CIAMA-La Alfranca (International Centre for Water and
Environment); the anatomical nomenclature employed
here is that provided by the above-mentioned authors
together with Strickler (1978). The determination of the
specimens was performed to species level whenever pos-
sible. The minimum number of individuals (MNI) was
calculated by counting the most abundant bone or tooth
from either the left or right side of a given taxon. All the
bat fossil material mentioned in this paper is housed in the
University of Zaragoza.
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Table 1
Presence in terms of NISP (number of identified specimens) and MNI (minimum numbers of individuals) of each identified bat taxon through the TELRU
levels.
Tableau 1
Présence en termes de NISP (nombre de spécimens identifiés) et de NMI (nombre minimum d'individus) de chaque taxon de chauve-souris identifié parmi
les niveaux de TELRU.
TE 14 TE13 TE12 TE11 TE 10 TE 9a+
NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI
Rhinolophus ferrumequinum 1 1
Rhinolophus mehelyii
Myotis myotis 2 1 ol - 40 4 15 2
cf. Eptesicus 1 1
Myotis sp.
Miniopterus schreibersii 3 1 4 1 7 1
Chiroptera indet.
Total 2 1 5 2 44 5 23 4
TE 9a TE 9b TE 9¢ TE8 TE7 Total
NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI
Rhinolophus ferrumequinum 1 1 2 2
Rhinolophus mehelyii 2 1 2 1
Myotis myotis 2 50 7 118 10 6 1 44 8 280 35
cf. Eptesicus 1 1 2 2
Myotis sp. 1 1 1 1
Miniopterus schreibersii 1 1 6 2 17 4 4 17 4 59 15
Chiroptera indet. 1 - - - 2 - 2 -
Total 4 56 9 136 15 14 2 66 14 353 56

3.2. Taphonomy

Regarding the origin of fossil bat assemblages, the most
usual way for a cave-accumulation to be produced is by the
natural death of the individuals forming a colony, although
in some cases the accumulation may be aresult of predation
upon bats (Kowalski, 1995; Lopez-Garciaand Sevilla, 2012).
For the taphonomical analysis of the fossil bat assem-
blage under study, the state of preservation of the remains
(breakage pattern, dissolution, presence of mineral pre-
cipitation on the surface) as well as the composition of
the assemblage in terms of anatomical elements (absolute
presence and relative abundance of the different anatom-
ical elements) have been considered, in accordance with
Andrews (1990) and Bennasar (2010). The sorting of the
assemblage by age on the basis of the tooth-wear pattern
of the fossil bats has been undertaken in accordance with
Sevilla (1986).

3.3. Palaeoenvironmental interpretation

To undertake a palaeoenvironmental interpretation of
the site on the basis of our fossil bat assemblage, aspects
of the extant ecology, habitat preferences and geographical
distribution of the identified taxa have been used (in accor-
dance with de Paz and Benzal, 1991; Palomo et al., 2007;
Sevilla, 1988), as all the identified species in the site have
extant representation on modern populations. The habitat
weighting method (Andrews, 2006; Evans et al., 1981) has
been employed here in an attempt to reconstruct the habi-
tat. The performance of the analysis involved the following
steps: firstly the habitat types of the studied region may be
defined; here we followed the five habitat types established
by Blain et al. (2010) who already applied this method
to the analysis of the herpetofauna assemblage from the
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TELRU. Secondly, for every identified taxon a habitat score
or percentage was provided proportionally to its current
living preferences. Then the assigned habitat scores were
multiplied by the percentage that each taxon represents
within the whole assemblage in terms of MNI (minimal
number of individuals). Finally the summation of the val-
ues obtained to every type of habitat provided an approach
of the composition of the palaesoenvironment of the site.
However the results obtained here have not been satisfac-
tory; the problems associated with using this method on
our assemblage are discussed in the section 7.

4. Recorded taxa

Rhinolophus ferrumequinum (Fig. 2H) appears sporad-
ically as an accidental species (Table 1; list of material
in Table 2). The identification of this taxon is unequivo-
cal. Its dental formula (1.1.2.3/2.1.3.3), the morphology of
the mandible (particularly the mandibular ramus, which is
flat and square) and the morphology of the lower molars
(which are nyctalodont and present a narrow and regu-
lar cingulum) allow this genus to be distinguished from
other nyctalodont bats, while the large size of the spec-
imens clearly shows that they belong to this species,
which is by far the largest horseshoe bat in the Palearctic
region.

The greater horseshoe bat currently inhabits the
middle latitudes of Europe from England to the Mediter-
ranean peninsulas; it is a common species throughout
Spain—including the Balearic Islands, although it is scarcer
there—reaching altitudes of 1600 masl. In Spain it is a
ubiquitous species although it mainly prefers transitional
woodland areas; it roosts in caves forming small colonies
(Palomo et al., 2007).
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=

Fig. 2. Fossil bat remains from Sima del Elefante Lower Red Unit. M. myotis. A. Fragment of left maxilla (TE9c). B. Left M1 (TE9c). C. Fragmented left mandible
(TE9c). D. Distal epiphysis of right humerus (TE9c). E. Right M2 (TE9c). M. schreibersii. F. Left mandible (TE9c). G. Distal epiphysis of left humerus (TE9c). R.

ferrumequinum. H. Fragmented left mandible (TE9c).

Fig. 2. Restes fossiles de chauves-souris de I'Unité inférieure rouge de Sima del Elefante. M. myotis. A. Fragment de maxillaire gauche (TE9c). B. M1 gauche
(TE9c). C. Mandibule gauche fragmentée (TE9c). D. Epiphyse distale d’humérus droit (TE9c). E. M2 droite (TE9c). M. schreibersii. F. Mandibule gauche (TE9c).
G. Epiphyse distale d’humérus gauche (TE9c). R. ferrumequinum. H. Mandibule gauche fragmentée (TE9c).

Rhinolophus mehelyi appears sporadically as an acci-
dental species (Table 1; list of material in Table 2). The
morphology of the lower molars, which is quite similar to
the previous case, allows the mandible to be assigned to
this genus. The size of m2 and m3 is under the lower limit
of size variation for R. ferrumequinum but above the upper
limit of size variation for the medium-sized horseshoe bat
Rhinolophus euryale, so we have assigned the mandible to
R. mehelyi, which is the other medium-sized form of this
genus that usually appears in the Pleistocene sites of the
Iberian Peninsula (Sevilla, 1988). The proximal epiphysis
of the humerus presents great development of the trochin
in this genus, and both the trochin and the trochiter extend
proximally to a similar level beyond the humeral head,
which is triangular rather than rounded and dips towards
the trochin. The size of the specimen (3.6 mm wide) and the
morphology of the ventral ridge, which is flat, agree with
the material used for comparison for this taxon.

Mehely’s horseshoe bat currently inhabits Mediter-
ranean Europe, albeit only discontinuously; it occurs
in the Mediterranean margin and the southern half of
Spain but does not usually reach altitudes above 500 masl,
although some isolated citations exist at altitudes as
great as 1200 masl. In Spain, it mainly prefers transitional
woodland areas where the trees are more scattered; it
roosts in caves, forming colonies of variable size (Palomo
etal.,, 2007). This is one of the few species classified nowa-
days as Vulnerable by the UICN in Spain, with decreasing
trends in populations which has been estimated as 10%
in the last 10 years in Andalucia while the datum remains
unquantified in other regions of the country but still
appears to have been considerable (Hutson et al., 2008).

Myotis myotis (Fig. 2A-E) appears frequently throughout
the TELRU sequence, being present in all levels except TE11,
TE12 (where a fragmented mandible was recovered though
this seems more likely to be a reworked specimen from
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Table 2

List of the recovered material for each bat taxon.

Tableau 2

Liste des ossements récupérés pour chaque taxon de chauve-souris.
Taxon n Element n Element
Rhinolophus ferrumequinum 1 md with p3 - m3 1 md (fr) with m1 and ¢
Rhinolophus mehelyii 1 md (fr) with m2 - m3 1 hu (p. e. +diap.)

1 max (fr) with M1 1 md (fr) with p4 - m3

2 max (fr) with M2 3 md (fr) with p4

1 max (fr) with M2 - M3 2 md (fr) with m1 - m2

1 max (fr) with P4 - M1 2 md (fr) with m1

1 max (fr) with P4 and M2 3 md (fr) with m2 - m3

1 max (fr) with M1 - M3 9 md (fr) with m2

2 max (fr) with P4 9 md (fr) with m3

3 max (fr) with P4 - M3 3 13

3 12 5 €

13 C 3 p2

8 P4 8 p3

17 M1 15 p4

11 M2 21 ml
Myotis myotis 5 M3 10 m2

7 M (fr) 7 m3

1 md with p3 - m3 21 m (fg)

2 md with p4 - m3 3 hu(p.e.)

1 md with m1 - m3 9 hu (p. e.+diap.)

1 md with m1 - m2 6 hu(d.e.)

2 md with m2 - m3 16 hu (d. e. +diap.)

2 md with m2 2 hu (diap)

0 md with m3 1 rad (d. e.+diap.)

1 md 6 rad (p.e.)

74 md (fr) 6 rad (p. e.+diap.)

1 md (fr) with ¢ - p3 1 fem

1 md (fr) with c-p2 and m1 6 fem (p.e.)

1 md (fr) with p3 2 fem (d. e.+diap.)
cf. Eptesicus 1 md (fr) 1 hu (d. e. +diap.)
Myotis sp. 1 hu (d. e. +diap.)

1 max (fr) with M2 - M3

4 C 3 md (fr) with m2 - m3

2 P4 1 ¢

2 M1 2 p4

2 M3 9 m1
Miniopterus schreibersii 1 M (fr) 1 m3

1 md with i2 - m3 6 m (fr)

2 md with m2 - m3 7 hu(d.e.)

1 md (fr) 3 hu (d. e.+diap.)

2 md (fr) with p4 - m3 3 hu(p.e.)

1 md (fr) with p4 and m3 2 hu (p. e.+diap.)

1 md (fr) with m2 2 rad (p. e.+diap.)
Chiroptera indet. 4 md (fr) 1 fem (d.e.)

1 P4 (fr) 1 diap

I: upper incisor; C: upper canine; P: upper premolar; M: upper molar; i: lower incisor; c: lower canine; p: lower premolar; m: lower molar; md: mandible;
max: maxilla; hu: humerus; rad: radius; fem: femur; fr: fragment; p. e., proximal epiphysis; d. e.: distal epiphysis; diap.: diaphysis.

lower levels) and TE13 (Table 1; list of material in Table 2).
Identification of the cranial remains as a large-sized form
of the genus Myotis is straightforward on the basis of
the dental formula (2.1.2.3/3.1.3.3), the morphology of the
mandible (particularly the mandibular ramus, which is
wide and presents a considerably higher coronoid process
in relation to the articular process), the myotodont lower
molars, the thick and quite irregular cingulum present on
all teeth, and the large size of the specimens. The prox-
imal epiphysis of the humerus presents a rounded head
and a rather small trochin ridge, but lacks any trochiter
ridge; the trochin and the proximal edges of the head reach
a similar height while the proximal edge of the trochiter
extends above the other two. The distal epiphysis of the
humerus lacks a styloid process and the epicondylar spine
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is rather reduced; in external view, the proximal edges of
the trochlea and condyle reach a similar height. The femur
(L=19.93 mm) presents trochanters similar in size to each
other, the head is almost spherical and the whole proxi-
mal epiphysis is more lateromedially symmetrical than it
is in other genera. The proximal end of the radius presents
a not very pointed proximal process; the articular surface
is somewhat trilobed in shape but lacks any crossing ridge,
and the biceps insertion fossa is open. The distal end of
the radius presents two knob-like anterior processes and a
posterior, longitudinal crest.

The two large-sized Eurasian forms of this genus, M.
myotis and Myotis blythii (which are accepted as different
species even though recent genetic studies have demon-
strated that they may have fertile hybrid offspring; see
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Bogdanowicz et al. (2009)), are difficult to distinguish from
each other due to the extreme similarity of their mor-
phology. The former species is generally larger although
both species share an overlapping range of size variation.
The measured molars are of a size above the upper limit
for M. blythii, except for the specimens from level TE9,
where the lower molars mostly lie within the range of
overlap between the two taxa while the upper molars
are above the upper limit of size variation for M. blythii.
As it has previously been indicated by some authors, the
sympatric presence of the two sibling species in Europe
did not occur until the Holocene; previously, the western
region of Europe had been occupied by the M. myotis group
while M. blythii was an Asian species (Berthier et al., 2006;
Bogdanowicz et al., 2009). However, the moment of sepa-
ration of the two taxa is not clear. Work based on molecular
data gives a date of about 0.56 Ma for the split, but accord-
ing to Sevilla (1988) M. myotis has been identified in the
Iberian Lower Pleistocene site of La Unién. As no differ-
ent characters have been observed allowing us to attribute
our remains to any other species, here we have decided to
assign them to the taxon M. myotis.

The greater mouse-eared bat currently inhabits west-
ern, central and southern Europe. It occurs throughout
Spain—where it reaches altitudes of 2060 masl—including
the Balearic Islands, though it is scarcer in the central
Ebro Valley and the South Submeseta. Its usual forag-
ing habitats are woodland, transitional woodland and
woodland margins, and it roosts in caves, forming massive
nursery colonies and smaller hibernating colonies (Palomo
et al., 2007).

cf. Eptesicus appears sporadically as an accidental
species (Table 1; list of material in Table 2). The recovered
mandible presents a dental formula of 3.1.2.3 correspond-
ing to 13 alveoli, which coincides with the genera Eptesicus,
Vespertilio, Barbastella, Pipistrellus, Hypsugo and Nyctalus.
However, it lacks any teeth, and the mandibular ramus is
also absent. The size corresponds to a small-medium-sized
bat slightly larger than the extant Hypsugo savii and Pip-
istrellus. The mental foramen lies between the c and the p3
alveoli, approximately at the mid-height of the mandible
body, and it is circular and rather small. The mandibu-
lar body is quite robust and presents neither a narrowing
towards the posterior side nor a marked mental bulge,
which points to it belonging to Eptesicus as opposed to
the other mentioned genera. Due to the lack of any other
distinctive feature, we have preferred to maintain the iden-
tification as indicated. The distal epiphysis of the humerus
(2.5mm wide) presents a relatively well-developed sty-
loid process and a rather long epicondylar spine, excluding
the possibility of it being a small-sized Myotis or a Pleco-
tus. The former feature can be observed despite the loss of
the tip of the styloid process. The olecranon fossa forms
a semicircle in internal view, and the union between the
trochlea and the condyle is flatter than in Pipistrellus, Hyp-
sugo and Vespertilio, where the furrow between the two
structures is deeper. The remnant corresponds to a form of
serotine bat that is definitely smaller than the two species
ofthe genus that currently inhabit Spain: Eptesicus serotinus
and Eptesicus isabellinus (Palomo et al., 2007). Three other
species inhabit Europe at present: Eptesicus bottae (which is

larger than the Iberian ones), Eptesicus nilssonii and Eptesi-
cus anatolicus (these two being small-sized forms). One
more fossil species has been described in the Lower Pleis-
tocene of Europe: Eptesicus praeglacialis, which is also a
large-sized form (Sevilla, 1988). Our remains are close to
those of the species Eptesicus nilssonii but our specimen is
slightly smaller, and given the lack of any other distinctive
feature we have preferred to maintain the identification as
indicated.

Myotis sp. appears sporadically as an accidental species
(Table 1; list of material in Table 2). The humerus is par-
tially fragmented, but the following distinctive features of
the Myotis genus can be observed: the styloid process is
reduced, the proximal edge of the trochlea does not reach
the epiphyseal border; it differs from Plecotus in that the
proximal edge of the union between the trochlea and the
condyle does not form a bulge in external view. The spec-
imen corresponds to a small-sized form of Myotis such as
Myotis daubentonii, Myotis emarginatus or Myotis nattereri.
As the ventral edge of the trochlea does not reach the edge
of the epiphysis, assignation to the taxon Myotis capaccinii
can be ruled out, but a more precise identification is not
possible due to its fragmentation.

Miniopterus schreibersii (Fig. 2F, G) appears frequently
throughout the TELRU sequence, being present in all lev-
els except TE11, TE13 and TE14 (Table 1; list of material
in Table 2). The assignment of the items to this taxon is
unequivocal: the species is characterized by the dental for-
mula of 2.1.2.3/3.1.3.3 and the long, narrow and slender
cusps of the teeth; another specific characteristicis its large
p3 with two roots, which adds an extra alveolus to the
mandible. The C has an oval occlusal section and deep lon-
gitudinal furrows on both the labial and lingual surfaces.
P4, M1 and M2 present well-developed heels where the
cingulum becomes relatively thicker; the former presents
a mesiolingual longitudinal arris which ends as an extra
cusp at the contact with the cingulum. The lower molars
are of anyctalodont type with a narrow butirregular cingu-
lum, and p4 has a triangular occlusal outline. The mandible
body is quite slender and shows a well-developed and
angulated mental bulge; the mental foramen is large and
is located close under and between the alveoli of p2 and
c. The mandibular ramus is square-shaped and joins the
body forming a well-marked angle; the coronoid and the
articular processes reach a similar height. The distal epi-
physis of the humerus is diagnostic due to the long and
flattened blade-shaped styloid process, the marked ole-
cranon fossa and the deep furrow between condyle and
epicondyle. The proximal epiphysis is characterized by a
wide, ear-shaped trochin and a diagonally oriented oval
head, which dips towards the trochiter and extends slightly
above the trochin; the ventral ridge is not very prominent
and joins the trochin forming a depression, whereas there is
no dorsal ridge. The proximal end of the radius is diagnostic
due to the long, pointed proximal process, the two articular
surfaces separated by a well-developed ridge which arises
from the tip of the proximal process, and the deep, kidney-
shaped biceps insertion fossa, which has an almost closed
contour.

Schreibers’ bat currently inhabits southern Europe. It
occurs throughout Spain—where it reaches altitudes of

259



654

1400 masl—including the BalearicIslands. Its foraging habi-
tats are both open lands and forest. This is a species linked
to rocky areas where caves or crevices may occur (not nec-
essarily close to the feeding areas since it is able to fly along
great distances), as M. schreibersii uses them for roosting,
forming massive nursery and hibernation colonies (Palomo
et al.,, 2007).

5. Taphonomic remarks

Two levels in the sequence lack bat remains: TE 11 and
TE 13, while their presence in levels TE 8, TE 12 and TE
14 is rather scarce. This absence or scarcity of bat remains
has no parallelism in other groups of small vertebrates
such as the herpetofauna studied by Blain et al. (2010),
where a significant descent in the number of remains is
only noted for level TE12. Regarding the horizontal distri-
bution of the bat remains in each bat-fossil-bearing level,
no differential distribution patterns have been observed;
specifically in sublevel TE 9c, which has been exca-
vated extensively, the bat remains occur in almost all the
squares.

The abundance of bat remains within the TELRU lev-
els (Table 1) is very low in comparison with other groups
of small vertebrates such as rodents, insectivores, amphib-
ians or reptiles (Blain et al., 2010; Rodriguez et al., 2011),
but it is still remarkable when compared with the amount
of bat remains recovered from other Pleistocene Iberian
cave-sites, such as AGP7 in Zaragoza (Galan et al., 2015), La
Unién in Murcia, Las Yedras and Cueva del Agua in Granada,
Pradenas in Segovia, Guardo in Palencia, El Higerén and Las
Grajasin Malaga and El Reguerillo in Madrid (Sevilla, 1988).

The bat assemblage is composed of disarticulated
cranial and postcranial remains, and the occurrence of
teeth attached to bone is notable. The presence of com-
plete long bones and cranial bones is very scarce, if not
non-existent, in all the levels, but the breakage pattern gen-
erally observed consists of angulated fractures rather than
rounded surfaces and is not linked to dissolution surfaces;
in some cases the identification of fragments belonging to
the same specimen is even possible within a sample. In
our opinion, this corresponds to trampling as the origin of
the breakage rather than to predation or a long process of
transport. The presence of isolated teeth is generally high
in terms of their percentage within the total bat NISP of
every level, but when the relative abundance of each ele-
ment is taken into account (after Andrews, 1990) the most
abundant elements are mandibles in all levels except TE 9b,
where they are molars.

Only a few bones present clear marks of dissolution
where digestion is the origin: specifically, a couple of
humeral distal epiphyses from TE 7 (one from a M. myotis,
the other from a M. schreibersii) and the mandible of cf.
Eptesicus from TE 9a (this last is not a typical cave-dwelling
bat so it seems logical that the agent of accumulation was
a predator in this case). This is a small amount considering
the size of the TELRU bat sample as a whole.

Carbonate precipitation has been observed in some bat
specimens. In the majority of cases, the presence of car-
bonates is linked to a better state of conservation of the
remains, such as the complete preservation of the teeth
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attached to a mandible or maxilla bone; in some cases the
identification of different anatomical remains belonging to
the same individual and affected by superficial carbonate
precipitation is even possible within a sample. This pre-
cipitation must thus have occurred in the early stages of
deposition; it could have been favoured by the decomposi-
tion of the organictissues attached to bone, which produces
a local increase in pH.

The specimens forming the bat assemblage are mainly
yearlings according to their tooth wear, but interesting
exceptions to the age distribution may be found in some
levels. In levels TE 10, TE 9c and TE 7, yearlings, adults
and even old individuals are represented by the M. myotis
group; M. schreibersii specimens are yearlings in almost all
the levels except TE 8 and TE 9c, where adult individuals
have alsobeen found, and the two individuals of R. ferrume-
quinum from levels TE 9c and TE 12 respectively were also
adults.

This leads us to conclude that the origin of the main
TELRU bat assemblage was as a thanatocoenosis generated
by the death of the individuals that formed colonies in the
ancient cave. The colonies had been mainly of the nursery-
type judging by the predominance of yearlings except for
the afore-mentioned cases where adult individuals have
been found. On the other hand, the few isolated remains
that show evidence of digestion could have been deposited
by opportunistic predators such as owls, as is the case
with the majority of the small-vertebrate remains within
the sequence (Blain et al., 2010; Cuenca-Bescés and Rofes,
2004; Cuenca-Bescés et al., 2013, 2015; Rodriguez et al.,
2011; Rofes and Cuenca-Bescos, 2009).

6. Results
6.1. Species composition

A total of 353 bat remains have been recovered from
TELRU, 346 of which could be identified at least to genus
level (MNI=56). Six bat taxa have been identified within
the sequence: R. ferrumequinum, R. mehelyi, M. myotis,
Myotis sp., cf. Eptesicus and M. schreibersii. All the identified
species currently inhabit Europe. The vertical distribution
of these taxa through the sequence as a whole is char-
acterized by the almost constant presence of M. myotis
and M. schreibersii, which are also the most abundant
species in each level (Table 1). Both of them are typi-
cal cave-dwelling bats and appear frequently in Iberian
Pleistocene and extant bat communities; the Rhinolophus
species recorded are also among the typical cave-dwelling
species in the Iberian Peninsula and frequently occur in
the Iberian Pleistocene record too (de Paz and Benzal,
1991; Galan et al., 2015; Palomo et al., 2007; Sevilla, 1988),
although their presence in the studied locality is a minority.

6.2. Palaeoenvironmental interpretation

There are two dominant bat taxa, M. myotis and M.
schreibersii, which appear together throughout almost
the whole sequence, constituting an association typical
of warm, Mediterranean climate conditions (de Paz and
Benzal, 1991; Palomo et al., 2007; Sevilla, 1988).
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Table 3

Habitat preferences of each identified species of bat.

Tableau 3

Préférences d’habitat pour chaque espéce identifiée de chauve-souris.

oD OH Wo Ro Wa

Rhinolophus ferrumquinum 0.8 0.2
Rhinolophus mehelyi 0.8 0.2
Myotis myotis 0.8 0.2
Miniopterus schreibersii 0.2 0.2 04 0.2

OD: open dry habitat; OH: open humid habitat; Wo: woodland/woodland
margin habitat; Ro: rocky habitat.

The landscape inferred from our analysis of the
chiropteran faunal assemblages and taking the habitat
preferences of each taxon into account (see Table 3) com-
prises a predominantly woodland habitat, which includes
mature forest, transitional areas, and woodland margins
and forest patches with moderate ground cover. Areas
of open land or meadows and rocky dwellings including
caves, fissures and bare rock substrates would be present
to alesser extent (Fig. 3). The habitat composition presents
little variation throughout the levels analysed; it should
also be borne in mind that the small amount of remains
recovered in levels TE 8, TE 9a, TE 9a+, TE 12 and TE 14
(Table 1) may bias the results for these levels.

7. Discussion

Of the two constant taxa in the assemblage, M.
schreibersii is a markedly thermophilic species, as is R.
mehelyi (Palomo et al., 2007; Sevilla, 1988), whose spo-
radic presence in level TE 7 reinforces this general idea of
warm climatic conditions previously expounded by Blain
et al. (2010), Cuenca-Bescos et al. (2013, 2015), Rodriguez
etal.(2011), and Cuenca-Bescés and Rofes (2004, 2009). It
is also notable that the current occurrence of M. myotis in
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Fig. 3. Habitat weighting results. OD: open dry habitat; OH: open humid
habitat; Wo: woodland/woodland margin habitat; Ro: rocky habitat.
Fig. 3. Résultats de la méthode de pondération de I'habitat. OD : habitat
ouvert et sec ; OH : habitat ouvert et humide ; Wo : habitat forestier et
de bordure de forét ; Ro : habitat rocheux.

natural cave-roosts within the central and eastern Iberian
regions is rather accidental, whereas this species is very
frequent in the cave-roosts of southern Iberian regions (de
Paz and Benzal, 1991). In this sense the chiropteran fauna
from TELRU is consistent with the above-mentioned results
of previous studies of small vertebrates and the palyno-
logical record from this sequence, which reported warmer
conditions than at present.

Regarding the habitat composition, previous results
pointed to a mixed landscape with little variation through-
out the sequence, but the extent of the woodland areas
indicated by analyses of other groups of small verte-
brates is clearly less than in our results (Blain et al,
2010; Cuenca-Bescoés et al.,, 2013; Rodriguez et al., 2011).
Three possible causes for this disagreement may be con-
sidered and expounded here. Firstly, as woodland areas
are the most important foraging habitat for European bats
(Cel'uch and Kropil, 2008), a palaeoecological approach
based only on the bat assemblage separately from other
small-vertebrate groups may result in an overrepresenta-
tion of this type of habitat that would not occur if the fossil
community as a whole were considered. Secondly, the use
of the habitat weighting method—or any other method
of habitat reconstruction which considers the abundance
of a taxon in terms of its MNI to be a reflection of the
abundance of this taxon in the palaeocommunity—may
also lead to problems when working with cave-dwelling
animal assemblages characterized by the in situ mortal-
ity of the individuals as in this case, since the abundance
of one taxon in the association may be caused by a com-
bination of ethological and taphonomic factors. The use
of a cave-roost by different bat species simultaneously is
quite common; many present-day examples of M. myotis
and M. schreibersii sharing caves have been reported and
it might occur either that they form interspecific clusters,
or that each taxon occupies a different hall in the cave
depending on the environmental conditions (e.g. Borda
et al., 2004; de Paz and Benzal, 1991; Vincent et al., 2011).
The greater presence of one taxon as opposed to another
in the Sima del Elefante site, which corresponds to a quite
external area of this ancient cave, could be due to the dif-
ferent locations of the past bat colonies within the cave
instead of a dominance of a given species. Furthermore,
another issue should be taken into account when interpret-
ing a landscape on the basis of this type of assemblage:
the different spatial scale of influence of each group of
animals. The main bat taxa identified here are known to
cover distances of about 25-29 km away from their roosts
for hunting (Arlettaz, 1996; Vincent et al., 2011), while
owls—a typical agent of accumulation of small-vertebrate
assemblages—limit their range of action to distances of
1-5km from their nests (e.g. Martinez and Zuberogoitia,
2004). Thus a bat assemblage produced by the death of
the individuals within the cave would be providing us
with palaeoecological data from an area at least ten times
larger than a small-vertebrate assemblage accumulated
by the action of owls; the same applies to other preda-
tors.

Finally, the changes in the bat association observed in
the upper levels of the sequence (from TE 11 to TE 14)
should also be discussed. Noteworthy is the decrease in the
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number of bat remains, if not their total absence asin TE 11
and TE13 (Table 1), which may be due to taphonomic pro-
cesses that exclusively affect the chiropteran fauna since
the other small-vertebrate groups do not show a similar
pattern, as pointed out above in the Taphonomic remarks
paragraph. However, changes in the composition of the
association can also be observed: TE 12 lacks remains of
M. myotis and TE 14 lacks remains of M. schreibersii. This
could be related to changes in the general environmen-
tal conditions, such as the woodland regression registered
for levels TE 11 and TE 12 and the climate deterioration
registered for levels TE 13 and TE 14 (Blain et al., 2010).
Besides, an interesting point is the life-span and reproduc-
tive strategy of bats and the implications that this biological
condition could have in their fossil record. Bats are incred-
ibly long-lived comparing to other mammals of similar
size—in Central Europe the life-span average among the
different species is between 25 and 30 years (Dietz et al.,
2009), while concerning the two main species of TELRU
record, M. myotis maximum life-time recorded is 25 years
(Kulzer, 2003) while M. schreibersii is known to live at
least 16 years (Spitzenberger, 1981)—and they have also
a low ratio of offspring per year, from one to two breed-
ings (Dietz et al., 2009; Palomo et al., 2007). This definitely
determines the recovery of a bat population within a region
after a decrease process due to an unfavorable environ-
mental situation since it is much slower than in most
other small mammals with more opportunistic strategies,
and eventually can lead into a different pattern of record
throughout the same stratigraphic sequence as occurs in
TELRU.

8. Conclusions

The fossil bat assemblage from TELRU has been exhaus-
tively analysed for the first time, and the following six
taxa have been identified: R. ferrumequinum, R. mehelyi, M.
myotis, Myotis sp., cf. Eptesicus and M. schreibersii. The ori-
gin of the accumulation is the death within the cave of the
members of fossil bat colonies roosting in it. The sequence
is characterized by the (almost) constant presence of two
taxa: M. myotis and M. schreibersii. This is a typical Mediter-
ranean association and would point to warmer climate
conditions in the region of Atapuerca during this period
than at present, as reported by previous work from the
site. We have found that fossil bat assemblages are useful
for drawing palaeoclimatic inferences and also as indica-
tors of palaeoenvironmental stability when associations of
taxa rather than abundances of taxa are taken into account.
However, the use of fossil bat assemblages whose origin
is the in situ death of the individuals as palaeoecological
indicators leads to certain problems that may call for con-
sideration in further papers. Indeed, the habitat weighting
method is not very appropriate in such cases. The habitat
preferences shown by extant bats can be used to pro-
vide an approximate, qualitative description of the past
landscape, but establishing quantitative percentages of the
abundance of each habitat on the basis of the abundance
of each taxon would probably not yield representative
results.
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Bats (Chiroptera, Mammalia) are a valuable and independent source of palaeoenvironmen-
tal information in Quaternary sites because bat assemblages are not necessarily produced
by the same processes as those of other small mammals. Here, we report a small collection
of bats (MNI 15) from a cave infill of the Aguilon P7 (AGP-7) site (Zaragoza, Spain) dated
Late Pleistocene (MIS 3). This is one of the rare localities south of the Ebro River (right
bank)with Neanderthal tracks; therefore, the palaeoenvironmental data provided here may
help us to understand Neanderthal history. Nine bat taxa were identified, viz. Rhinolophus
ferumequinum, R. hipposideros, Myotis gr. myotis/blythii, M.cf. bechsteinii, M.emarginatus,
M.daubentonii, Plecotus gr. auritus/austriacus, Hipsugo savii vel. Pipistrellus kuhlii/nathusii,
and Miniopterus schreibersii. The presence of a high number of yearlings of the former four
species suggests the presence of breeding colonies. The surprisingly high diversity of the
sample indicates a variegated vegetation cover and relatively high humidity for the MIS 3
stage in the region.

© 2015 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

RESUME

Les chauves-souris (Chiroptera, Mammalia) retrouvées dans les sites fossiles quaternaires
sont une source indépendante précieuse d’'information paléoenvironnementale, puisque
les assemblages de chiroptéres ne proviennent pas nécessairement des mémes processus
que celles d’autres petits mammiféres. Ici, nous décrivons pour la premiére fois une petite
association relativement diversifiée de chauves-souris, trouvée dans une localité d’age
Pléistocene supérieur (MIS 3), le site d’Aguilén P7 (Saragosse, Espagne). C'est I'une des rares
localités du Sud de I'Ebre (rive droite) ayant des traces des Néandertaliens ; par conséquent,
les données paléoenvironnementales fournies ici peuvent aider a comprendre leur histoire.
Neuftaxons de chiroptéres ont été identifiés : Rhinolophus ferrumequinum, Rhinolophus hip-
posideros, Myotis gr. myotis/blythii, M. cf. bechsteinii, M. emarginatus, M. daubentonii, Plecotus

1631-0683/© 2015 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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gr. auritus/austriacus, Hipsugo savii vel. Pipistrellus kuhlii/nathusii et Miniopterus schreibersii.
La présence d'un nombre élevé de jeunes individus des quatre premiéres especes suggere la
présence de colonies de reproduction. L'importante et surprenante diversité de I'échantillon
indiquent pour le MIS 3, dans la région, une couverture végétale variée et une humidité

relativement élevée.

© 2015 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.

1. Introduction

Bat fossil remains (Chiroptera, Mammalia) are inter-
esting palaeoenvironmental indicators in Quaternary sites
mainly due to their specific habitat preferences. Bats are
only occasionally preyed upon by owls and other predators,
such as carnivorous mammals, snakes or lizards (Garcia
et al., 2005; Kowalski, 1995; Rosina and Shokhrin, 2011;
Sommer et al., 2009), but their habit of forming roost-
ing colonies in caves sometimes allows the formation of
exceptionally well-preserved assemblages (Lopez-Garcia
and Sevilla, 2012). Because bat assemblages are not nec-
essarily produced by the same processes as other small
mammal assemblages, they provide a valuable indepen-
dent source of palaesoenvironmental information.

Here, we describe for the first time a relatively diverse
association of bats found in Aguilén P7 Cave (AGP-7), a
new locality dating to the Late Pleistocene (MIS 3) in the
central Ebro Valley. AGP-7 is one of the rare localities of
the south of the Ebro River with Neanderthal tracks, and
palaeoenvironmental data provided by this site may help
understanding Neanderthal history (Cuenca-Bescos et al.,
2010; Sauqué et al., 2014a). We focus on the taxonomic
identification of the bat remains, the origin of the accumu-
lation, the palaeoenvironment, and the comparison with
other chiropteran associations from the Iberian Late Pleis-
tocene.

2. The locality
2.1. Geographical and geological location

AGP-7 is a palaeontological cave-site located in the
north face of the Iberian Range to the south of the River
Ebro. It is situated on a small hill named Cerro Pez6n; the
mouth of the cave is open at 683 m above sea level (masl)
on the left bank of the Valdeaguildn ravine, close to the
town of Aguilén and 55 km from the main city of Zaragoza
(Fig. 1) (Gisbert and Pastor, 2009). The P7 cave is part of a
karst system in Upper Jurassic (Malm) marine limestones
that opens at the contact between the two main forma-
tions from this age in the Iberian Range: the marls and
clays of Loriguilla (Kimmeridgian) and the thick limestones
of Higueruelas (Tithonian) (Cuenca-Bescés et al., 2010). As
with other cases of speleogenesis in the Iberian Peninsula,
the karst system is expected to have developed during the
Pliocene-Early Pleistocene (Ortega et al., 2013). Its geom-
etry, orientation and Kkarst-cavity filling were conditioned
by the incision of the main rivers, such as the River Ebro,
and the development and incision of their hydrological
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Fig. 1. Geographical and geological location of the Aguilén P7 site, modi-
fied from Cortés-Gracia and Casas-Sainz (1996).

Fig.1. Situation géographique et géologique du site d’Aguilén P7, modifié
d’apreés Cortés-Gracia and Casas-Sainz (1996).

basins. In the light of a preliminary geological survey made
in the area in May 2010, the drainage of the karst sys-
tem presumably changed from an original exit towards the
River Huerva, the main river in the area, to the current
discharge towards the Valdeaguilén Ravine, a secondary
incision in the hydrological system of the area. The P7 cave
is rather shallow and consists of an outer entrance hall and
an inner gallery (Fig. 2). The cavity filling sediment of the
outer entrance hall, where the main palaeontological exca-
vation took place, consists of a single sedimentary level,
85 cm thick, comprising heterometric limestone ridges in
a reddish clay matrix, probably corresponding to a single
deposition event, while sediments in the inner gallery were
likely deposited during a previous stage (Cuenca-Bescos
etal., 2010).

2.2. Dating the sedimentary fill of the AGP-7

A bone fragment that came out of a sample of fossil
remains from the surface cleaning, almost certainly from
the top of the section, was dated by radiocarbon resulting
in 34,760 +360 BP-34,860 + 360 BP (Beta —222732), pro-
viding a minimum age of the reservoir in the area’s known
slope (PinFig.2).Inrecent years, a second radiocarbon date
was provided by a bone from a roe deer Capreolus capreo-
lus exhumed from the base of the section. This gave an age
of just under 46.3 ka BP (OxA-27902; for the methodology
employed see Bronk Ramsey et al., 2004). Thus, the faunal
and lithic assemblages point to a Late Pleistocene biostrati-
graphic age, likely from the beginning of Marine Isotope
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Fig. 2. Plan view of the Aguil6n P7 cave and the excavation grid. The fol-
lowing sectors were distinguished: E: entrada, P: pendiente, C: centro and
H: hiedra in the outer entrance hall; and sectors G: galeria and F: fondo in
the inner gallery. Modified from Gisbert and Pastor (2009); Cuenca-Bescds
etal. (2010).

Fig. 2. Plan de la grotte P7 d'Aguilén et du carroyage de fouille. Les
secteurs suivants ont été distingués E: entrada, P: pendiente, C: centro
et H: hiedra dans le hall d’entrée extérieur et les secteurs G: galeria et F:
fondo dans la galerie intérieure. Modifié d’aprés Gisbert et Pastor (2009) ;
Cuenca-Bescos et al. (2010).

Stage 3 (MIS3). MIS 3 was a period characterized by rapid
climate changes (Sanchez-Gofii and D’Errico, 2005), sup-
porting the existence of Pleistocene communities with no
present-day analogy, and that shared distributions that are
currently disjunct (Lépez-Garcia et al., 2010; Sauqué et al.,
2014b; Sommer and Nadachowski, 2006).

2.3. The faunal assemblage

Even though only a small part of AGP-7 cave has been
excavated, the species richness and the number of remains
are notable. The faunal list is as follows (Cuenca-Bescos
et al,, 2010; Galan, 2013; Nuafiez-Lahuerta et al.,, 2015):
small mammals—Crocidura sp., Lagomorpha indet., Apode-
mus sp., Microtus sp., Microtus (Terricola) sp., Iberomys
cabrerae and Chionomys nivalis; large mammals—Cuon alpi-
nus, Canis lupus, Crocuta crocuta, Panthera pardus, Vulpes
vulpes, Ursus arctos, Lynx pardinus, Felis silvestris, Meles
meles, Cervus elaphus, Capra pyrenaica, Capreolus capreo-
lus, Rupicapra pyrenaica and Equus ferus; birds—Galliformes
indet., Lagopus sp., Aquila chrysaetos, Gyps fulvus, Passeridae
indet., Anthus trivialis, Prunella modularis, Sturnus cf. uni-
color,and Corvus monedula. The cave may have been used as
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Fig. 3. Anatomy of bat cranial skeleton. A. Lateral view of skull and hemi-
mandible, and ventral view of skull, modified from Benzal and de Paz
(1990). B. Occlusal view of upper molar (left) and lower molar (right),
modified from Sevilla (1988). Abbreviated names are explained in the
paragraph “Abbreviations”.

Fig. 3. Anatomie du crane d’'une chauve-souris. A. Vue latérale du crane
et de la mandibule, et vue ventrale du crane, modifié d’aprés Benzal et de
Paz (1990). B. Vue occlusale de la molaire supérieure (a gauche) et de la
molaire inférieure (a droite), modifié d’'aprés Sevilla (1988). Les abrévia-
tions sont expliquées dans le paragraphe « Abréviations ».

a den by large carnivores, yet some Mousterian tools have
beenrecovered, including a scraper, and tool marks in some
fossils have been observed, suggesting that the cave was
visited by Neanderthals, even though no human remains
have been found.

3. Material and methods
3.1. Abbreviations

Institutional - MPZ: Palaeontological Museum of
Zaragoza; EBD: Dofana Biological Station-CSIC; MNCN:
National Museum of Natural Science-CSIC, Madrid; GA:
Aragosaurus Group-IUCA, Zaragoza; CIAMA: International
Centre for Water and Environment-La Alfranca, Zaragoza.

Dental terminology (Fig. 3)-I: upper incisor; C: upper
canine; P: upper premolars; M: upper molars; the teeth
from the lower dental series are indicated in the same way
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but using lowercase letters. The anatomical parts of molars
are abbreviated as follows, PA: paracone; ME: metacone;
PR: protocone; PAC: paracrista; MEC: metacrista; PRC: pro-
tocrista; PAS: parastyle; MSS: mesostyle; MES: metastyle;
HY: hypocone; PL: paraconule; ML: metaconule; PAD:
paraconid; MED: metaconid; PRD: protoconid; END:
entoconid; HYD: hypoconid; HLD: hypoconulid; ENCD:
entocristid; PALD: paralophid; tg: trigonid; td: talonid.

Anatomical elements - max: maxilla; md: mandible;
hu: humerus; d. e.: distal epiphysis; diap.: diaphysis; fr:
fragment.

3.2. Sample processing and fossil sorting

The bat fossil remains studied here consist of dis-
articulated bone fragments collected by water-screening
the sediment excavated at the Cave P7 during the years
2005, 2009 and 2010. Superimposed screens of 0.2 cm and
0.05 cm mesh were used. The palaeontological excavation
was divided into six different sectors (Fig. 2): Entrada (E),
Pendiente (P), Centro (C), Galeria (G), Fondo (F) and Hiedra
(H); in situ material was extracted from sector F and from
sectors E, P, C and H. The fossils were picked out from the
residues, and then the bat remains were separated and
identified. They are all kept in the MPZ. To evaluate the
bat representation, the number of identified specimens
(NISP) and the minimum number of individuals (MNI)
were calculated for each taxon in accordance with Lyman
(1994). For taxonomic identification these authors have
been followed: Dupuis (1986); Felten et al. (1973), Menu
and Popelard (1987), Sevilla (1988). The reference collec-
tions of the EBD, MNCN, GA and CIAMA were used.

3.3. Palaeoenvironmental approach

We used the habitat weighting method (see Andrews,
2006; Evans et al,, 1981) to infer palaeoenvironmental
characteristics. Five types of habitat are defined accord-
ing to concrete environmental features: “open dry (OD)”,
meadows under seasonal climate change; “open humid
(OH)", evergreen meadows with dense pastures and suit-
able topsoil; “woodland (Wo)”, mature forest including
woodland margins and forest patches with moderate
ground cover; “rocky (Ro)”, areas with a suitable rocky or
stony substratum; and “water (Wa)”, areas along streams,
lakes and ponds. Bat remains from sector F (Fig. 2) were not
taken into account for the palaesoenvironmental approach
as they correspond to a previous accumulation event
(Cuenca-Bescés et al., 2010), but they were identified and
measured.

4. Recorded taxa

Order CHIROPTERA Blumenbach, 1779

Family RHINOLOPHIDAE Gray, 1825

Genus Rhinolophus Lacépéde, 1799

Rhinolophus ferrumequinum (Schreber, 1774) - Greater
horseshoe bat (present habitat and distribution in Table 1).

MATERIAL (Fig. 4A, H; Appendix A): 1 max (fr) with M1,
M2; 1 max (fr) with M3; 3C; 1 P4; 1 md with p4, m1; 1 md
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with p3, p4, m1, m2, m3; 1 md (fr) with p4; 1 ¢; 2 m1; 2
m2; 2 m3; 1 m1 (fr).

DESCRIPTION: R. ferrumequinum is the most abundant
species in AGP-7 and one of the largest. The C has a
trapezoidal occlusal outline with a strong crown with
three sides and a distally bent apex. The lingual side is the
widest; it is flat and presents a small heel. The cingulum
thickness is variable and has a zigzag morphology, inflex-
ions pointing alternately to apex and root. The P4 has a
rectangular occlusal outline, a wide, well-developed heel
and a narrow cingulum, which disappears distally. The
upper molars present a parastyle forming an angle, though
only the M1 has a (straight) metastyle. The M1 and M2
have a rectangular occlusal outline and a well-developed
parastyle and heel. The protocone is on the mesial margin
and its base lacks a cingulum. The M3 has a subtriangu-
lar occlusal outline and presents a small parastyle. The
metacone is smaller than the protocone, and there is a
slightly developed metaconule on the post-protocrista.
The maxilla fragments present the infra-orbital foramen
located over the alveolus of the M2, and the alveolus of
the M3 is located on the zygomatic arch root. The ¢ has a
semicircular occlusal outline in the base but the cusp has
two sides, its apex and root are aligned and the cingulum is
narrow and forms a small projection at posterior side. The
p3 is very small-sometimes even absent-and appears
out of the dental series. The p4 has a trapezoidal occlusal
outline with three sides and a narrow cingulum, which is
slightly thicker at the distal margin. The lower molars are
of the nyctalodont type and present a narrow and regular
labial cingulum. The m1 and m2 have an open trigonid,
which is narrower in m2, and their lingual cusplets are not
aligned, the hypoconulid having a labial position. The m3
presents a narrow trigonid and a reduced talonid due to
the labial migration of the entoconid. The mandibles have
a long and flat horizontal body and an almost rectangular
mandibular ramus with flat and low coronoid process. The
mental protuberance appears well-developed; the mental
foramen is circular and located under the p2 alveolus, or
under the junction of the alveoli of c and p2.

DISCUSSION: The morphological features and the size
(Appendix A) of the teeth and bones of this fossil material
conform to the specimens of R.ferrumequinum described
in Sevilla (1988).

Rhinolophus hipposideros (Bechstein, 1800)-Lesser
horseshoe bat (present habitat and distribution in Table 1).

MATERIAL (Fig. 4E; Appendix A): 1 max (fr) with P4, M1,
M2.

DESCRIPTION: This is the smallest species of this genus
in the Palaearctic region. The P4 has a rectangular occlusal
outline and a wide, well-developed heel. The thickness
of the cingulum is constant along the heel. The upper
molars present a parastyle forming an angle, a straight
metastyle and a comparatively wide heel. The M1 has a
square occlusal outline, while the M2 is narrower. The
base of the protocone lacks a cingulum and in the M1, it
advances beyond the heel. Although the studied maxilla
is fragmented, the bulging-out nasal region can be appre-
ciated, and also the huge palatine incision caused by the
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Fig. 4. Fossil cranial bat remains from the Aguilén P7 site. A. Right C of Rhinolophus ferrumequinum (MPZ 2014/257). B. Left C of Myotis emarginatus (MPZ
2014/278). C. Left C of Plecotus gr. auritus/austriacus (MPZ 2014/286). D. Right C of Miniopterus schreibersii (MPZ 2014/290). E. Fragment of right maxilla of
Rhinolophus hipposideros (MPZ 2014/240). F. Fragment of left maxilla of Myotis gr. myotis/blythii (MPZ 2014/271). G. Right M2 of Plecotus gr. auritus/austriacus
(MPZ 2014/285). H. Left mandible of Rhinolophus ferrumequinum (MPZ 2014/241). 1. Left p4 of Myotis gr. myotis/blythii (MPZ 2014/265). ]. Fragment of left

mandible of Myotis daubentonii (MPZ 2014/279).

Fig. 4. Restes craniens fossiles de chauve-souris du site d’Aguilén P7. A. C droite de Rhinolophus ferrumequinum (MPZ 2014/257). B. C gauche de Myotis
emarginatus (MPZ 2014/278). C. C gauche de Plecotus gr. auritus/austriacus (MPZ 2014/286). D. C droite de Miniopterus schreibersii (MPZ 2014/290). E.
Fragment de maxillaire droit de Rhinolophus hipposideros (MPZ 2014/240). F. Fragment de maxillaire gauche de Myotis gr. myotis/blythii (MPZ 2014/271).G.
M2 droite de Plecotus gr. auritus/austriacus (MPZ 2014/285). H. Mandibule gauche de Rhinolophus ferrumequinum (MPZ 2014/241). 1. p4 gauche de Myotis
gr. myotis/blythii (MPZ 2014/265). ]. Fragment du mandibule gauche de Myotis daubentonii (MPZ 2014/279).

disarticulation of the premaxilla, typical in this genus. The
posterior rim of the horizontal plate of the palatine presents
a square outline, a well-developed posterior nasal spine
and a choanal line anteriorly displaced in comparison with
other members of the genus.

DISCUSSION: The wide heel of the upper teeth and the
size of the remains (Appendix A) indicate that the remains
belong to R. hipposideros according to Sevilla (1988). The
features of the palatine posterior rim have been also
observed in the R. hipposideros specimens from the EBD
collection.

Family VESPERTILIONIDAE Gray, 1821

Genus Myotis Kaup, 1829

Myotis myotis (Borkhausen, 1797)-Greater mouse-
eared bat (present habitat and distribution in Table 1).

Myotis blythii (Tomes, 1857)- Lesser mouse-eared bat
(present habitat and distribution in Table 1).

Myotis gr. myotis/blythii

270

MATERIAL (Fig. 4F, I; Appendix A): 1 max (fr) with P4,
M1; 1P2;2P4; 1 M1; 2¢; 3 p4; 5ml (fr); 1 m2 (fr).

DESCRIPTION: The P2 has an oval occlusal outline, while
P4 is triangular with a very strong crown; both have a
thick cingulum. The M1 has a square occlusal outline. It
presents a well-developed parastyle forming an angle, and
asmaller bent metastyle. The cingulum is thick, but it is not
present at the base of the protocone and the lingual. There
is a metaconule. The maxilla fragment presents the infra-
orbital foramen located above the junction of the P4 and M1
alveoli; the bone bar between the foramen and the orbit is
rather thick. The ¢ has a semicircular occlusal outline in
the base but the cusp has three sides, apex and root being
aligned. In the distal side, the thick cingulumi s slightly pro-
jected backwards and also forms an inflexion upwards; it
disappears in the anterior side. The p4 has a rectangular
occlusal outline and a three-faced crown; the distal side
is strongly concave. The cingulum is thick, irregular and
continuous. The lower molars are of the myotodont type,
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with a thick and slightly irregular cingulum. The trigonid
is rather closed in m1 and m2, and narrower in the lat-
ter. The lingual cusplets are not aligned; the hypoconulid
has a more labial position. The entocristid is almost
straight.

DISCUSSION: These two species (M.myotis and
M. blythii) are difficult to distinguish from one another
as their bones and teeth are very similar in morphology
and size, although M.myotis is in general terms slightly
larger than M. blythii (Lopez-Garcia, 2008; Sevilla, 1988).
The morphological features and the size (Appendix A) of
the remains indicate that they belong to a large species
of the genus Myotis (M.myotis or M.blythii) based on
the data provided by Sevilla (1988). Some biometric
methods allow the two species to be distinguished, but
these are hard to use when the sample is composed of
isolated teeth. The measurements of the m3 are a good
diagnostic element (Sevilla, 1988), but this molar has not
been found in the assemblage. A biometric analysis has
been performed on the M1 specimens (after Lopez-Garcia,
2008), comparing them with current specimens from the
collections at the EBD, GA, MNCN and CIAMA suggests
that they probably belong to M.myotis. However, as the
remaining elements cannot be assigned to either of the
two species either by biometric or morphological criteria,
the whole sample has been classified as M.gr. myotis/
blythii.

Myotis bechsteinii (Kuhl, 1817)-Bechstein’s bat
(present habitat and distribution in Table 1).

Myotis cf. bechsteinii

MATERIAL (Fig. 5A; Appendix A): 1 hu (d. e. + diap.).

DESCRIPTION: The distal humeral epiphysis presents
a rather shallow antecubital fossa. In external view, the
trochlea and the condyle dip slightly to the epicondyle and
there is a shallow furrow between them. The distal ends
of the trochlea and the condyle have a similar height. The
posterior epicondyle outline presents a concave-convex
morphology with a pointed but not sharp edge.

DISCUSSION: The specimen presents typical Myotis
features—a reduced epitrochlea and a styloid process.
The morphology coincides with the fossil specimens of
M. bechsteinii reported by Sevilla (1990); the epiphysis
length (Appendix A) agrees with data for that species
provided by Felten et al. (1973). However, a single humeral
fragment does not allow unequivocal identification in
the case of M.bechsteinii so we determined it as M.cf.
bechsteinii.

Myotis emarginatus (Geoffroy, 1806).Geoffroy’s bat
(present habitat and distribution in Table 1).

MATERIAL (Fig. 4B; Appendix A): 1C; 1 m3; 2 m2.

DESCRIPTION: The C has an oval occlusal outline with
two sides; apex and root are aligned. The labial side
presents a longitudinal furrow in the distal margin. The cin-
gulum is thicker in the anterolabial margin. The m2 has a
closed trigonid and its cingulum is thick and almost reg-
ular. The lingual cusplets are almost aligned, except for
the hypoconulid, which is slightly labial. The paraconid
and metaconid cusplets are similar in height, while the

entoconid is slightly lower. The paralophid is concave and
the entocristid is almost straight. The m3 has a closed
trigonid and a medium-thick cingulum, which is thinner
in the mesial and distal margins. The paralophid is concave
and not angular. The talonid appears reduced due to the
labial displacement of the hypoconulid.

DISCUSSION: The main morphological features and
the size (Appendix A) of the specimens described above
coincide with the data reported by Sevilla (1990) for
M.emarginatus. According to this author, the occlusal
outline and the furrow in the C, and the disposition of
the talonid cusplets in the lower molars, are diagnostic
elements for distinguishing this taxon from other similarly
sized species of Myotis, such as M. nattereri. The develop-
ment of the entoconid in the m2 differs somewhat from
that observed in the material used for comparison, where
this is the highest and strongest labial cusp. However, this
was not considered reason enough to assign the speci-
mens to another taxon, but was regarded as intraspecific
variability.

Myotis daubentonii (Kuhl, 1817)-Daubenton’s bat
(present habitat and distribution in Table 1).

MATERIAL (Fig. 4]; Appendix A): 1 M1; 1 md (fr) with
m2; 1 ml.

DESCRIPTION: M.daubentonii is small in comparison
with other members of the genus Myotis. The M1 has a
subtriangular occlusal outline. It presents a well-developed
parastyle forming an angle, and a slightly bent metastyle.
The metacone is markedly stronger than the paracone
and somewhat higher. The base of the protocone presents
a strong cingulum in its distal margin. There is a well-
developed metaconule and also a paraconule is present.
The mandible fragment shows a circular mental foramen
located under the p2 alveolus. The lower molars present a
thick and irregular cingulum. The trigonid is rather closed
in m1 and m2, being narrower in m2. The lingual cus-
plets are almost aligned except for the hypoconulid, which
is slightly labial. It is notable that the entoconid is the
strongest lingual cusp, as high as the metaconid. The par-
alophid has a shallow concavity.

DISCUSSION: The size (Appendix A) and morphological
features of the described specimens agree with data for
Myotis daubentonii from Sevilla (1990). The presence of a
paraconule in the M1 allows distinguishing this taxon from
M. mystacinus according to Menu and Popelard (1987).
Regarding the lower molars, the entoconid in lingual view
is remarkably strong in both teeth, which is a feature that
only has been observed in extant M. daubentonii from the
reference collection but not in other small Myotis, such as
M. mystacinus.

Myotis emarginatus/daubentonii

MATERIAL (Fig. 5B; Appendix A): 1 hu (d. e. + diap.).

DESCRIPTION: The distal humeral epiphysis presents
a well-marked antecubital fossa. In external view, the
trochlea and the condyle dip slightly to the epitrochlea and
there is a shallow but somewhat angular furrow between
them. The distal end of the trochlea is higher than the
condyle. The epitrochlea has an angular contour.
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Fig. 5. Distal humeral epiphysis of fossil bat remains from the Aguilén P7 site. A. Left distal humeral epiphysis of M. cf. bechsteinii (MPZ 2014/282). B. Left
distal humeral epiphysis of M. emarginatus/daubentonii (MPZ 2014/281). C. Left distal humeral epiphysis of H. savii vel. P. gr. kuhlii/nathusii (MPZ 2014/287).

D. Left distal humeral epiphysis of M.schreibersii (MPZ 2014/288).

Fig.5. Restes postcraniens fossiles de chauve-souris du sitq d'Aguilén P7. A. Epiphyse distale gauche de M. cf. bechsteinii (MPZ 2014/282). B. I:ipiphyse distale
gauche de M.emarginatus/daubentonii (MPZ 2014/281). C.Epiphyse distale gauche de H.savii vel. P.gr. kuhlii/nathusii (MPZ 2014/287). D. Epiphyse distale

gauche de M. schreibersii (MPZ 2014/288).

DISCUSSION: The size (Appendix A) as well as the
morphology of the specimens agrees with M. emarginatus,
M.nattereri and M.daubentonii (Dupuis, 1986) (Felten
et al., 1973). The length of the epitrochlea is shorter than
in M.nattereri, which is a character indicated by Dupuis
(1986) for distinguishing this taxon from M.emarginatus
and M.daubentonii. Another diagnostic character is the
size of the styloid process, but this part of the bone is
broken in the studied specimen.

Genus Plecotus Geoffroy, 1818

Plecotus auritus (Linnaeus, 1758)-Brown long-eared
bat (present habitat and distribution in Table 1).

Plecotus austriacus (Fischer, 1829) - Grey long-eared bat
(present habitat and distribution in Table 1).

Plecotus gr. auritus/austriacus
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MATERIAL (Fig. 4C, G; Appendix A): 1C; 1 M2; 1 m1; 1
m1 (fr).

DESCRIPTION: The C has an almost circular occlusal out-
line. The crown has two sides (labial and lingual), both of
which have a longitudinal furrow in the distal half, the
junction between the two sides forming a blunt edge. The
cingulum is thick and almost regular. The M2 has an elon-
gated, rectangular occlusal outline, and the base of the
protocone has a circular outline and presents a thick cingu-
lum, which continues along the distal and mesial sides. The
M2 has a well-developed parastyle forming an angle, and a
smaller bent metastyle. The metacone is markedly stronger
and higher than the paracone. The lower molars are of
the myotodont type and have a thick and very irregular
cingulum. The m1 trigonid is open, and the lingual cus-
plets are almost aligned except for the hypoconulid, which
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is slightly labial. The paraconid, metaconid and entoconid
have a similar height and are somewhat short and wide.
The union between the paraconid and metaconid shows a
deep depression.

DISCUSSION: The material has been assigned to the
genus Plecotus on the basis of the occlusal outline of
the M2, the geometry and disposition of the trigonid
and hypoconulid of the lower molars, and the occlusal
outline and furrow of C, which are diagnostic characters
of the two Iberian species of the genus according to the
fossil and present-day specimens described by Sevilla
(1988, 1990). However, distinguishing between P.auritus
and P.austriacus is hard when the sample is composed
of isolated teeth. According to Sevilla (1988), C and P4
are diagnostic elements. The junction between the two
sides of the upper canines forming a blunted edge is
characteristic of P.auritus, as this edge is sharper and the
cusp is longer in P.austriacus. The upper canine probably
belongs to P.auritus, but as there are no clear criteria
applicable for distinguishing the remaining specimens, the
whole sample has been classified as P. gr. auritus/austriacus.

Genus Hypsugo Kolenati, 1856 vel Genus Pipistrellus
Kaup, 1829

Hypsugo savii (Bonaparte, 1837)-Savi's pipistrelle
(present habitat and distribution in Table 1).

P. kuhlii (Kuhl, 1817) - Kuhl's pipistrelle (present habitat
and distribution in Table 1).

P.nathusii (Keyserling. and Blasius, 1839) - Nathusius’s
pipistrelle (present habitat and distribution in Table 1).

Hypsugo savii vel Pipistrellus gr. kuhlii/nathusii

MATERIAL (Fig. 5C; Appendix A): 1 hu (d. e. + diap.).

DESCRIPTION: The distal humeral epiphysis has an
internally projected delta-shaped styloid process. The
antecubital fossa is rather deep. In external view, the
trochlea and the condyle dip slightly to the epitrochlea and
there is a shallow furrow between them; the epicondyle
is hidden by the condyle. The posterior epicondyle outline
presents a concave-convex morphology with a bulge at the
edge. The distal margin of the trochlea goes slightly beyond
that of the condyle, and the distal margin of the condyle
goes slightly beyond that of the epicondyle.

DISCUSSION: Based on the general morphology and
the size (Appendix A) of the specimen, it can belong to the
taxa H.savii, P. kuhlii or P.nathusii based on Dupuis (1986)
and Felten et al. (1973).

Genus Miniopterus Bonaparte, 1837

Miniopterus schreibersii (Kuhl, 1817)- Schreibers’ bat
(present habitat and distribution in Table 1).

MATERIAL (Fig. 4D; Fig. 5D; Appendix A): 1 hu. (d. e. +
diap.); 1C; 1 m2.

DESCRIPTION: This is a medium-sized bat in relation to
other cave-dwelling bats. The C has a nearly oval occlusal
outline. The apex and the root are aligned. The cingulum
is continuous, slightly irregular and not very thick. The
crown has four deep longitudinal furrows, one of them in
the distolabial margin, the others on the lingual side. The
lower molars are of the nyctalodont type and present a
thin and regular cingulum. The m2 trigonid is open and

shows a small lingual cingulum. The lingual cusplets are
almost aligned except for the hypoconulid, which has a
labial position. The metaconid is the highest lingual cusp;
the unions between the cusplets are deep depressions. The
entocristid forms a marked angle with the entoconid. The
paralophidis concave. The distal humeral epiphysis presents
a long, flattened blade-shaped styloid process. The antecu-
bital fossa is well-developed. In external view, the condyle
dips slightly to the trochlea. The furrows separating the
condyle, trochlea and epicondyle are rather deep, the fur-
row between the latter two being the deepest.

DISCUSSION: According to Sevilla (1988), the deep
longitudinal furrows of the C and the morphology and dis-
position of the m2 cusplets described above are diagnostic
for the species M. schreibersii, as is the distal humeral epi-
physis, which presents a blade-shaped styloid process and
deep external furrows.

5. Results and discussion

All chiropteran fossil remains were recovered from the
AGP-7 assemblage totaling 51 specimens. Every specimen
has been described and assigned to a taxon. Nine taxa of
the order Chiroptera have been identified (Table 2).

5.1. Taphonomy. The origin of the accumulation

The post-cranial remains in the bat fossil assemblage
of AGP-7 represent less than 8% of the total, the domi-
nant elements are isolated teeth while complete bones are
scarce (Table 3). Teeth show different colours from white
to dark brown (e.g, Fig. 4C, I). Clear evidence of digestion
is only observed in one humerus affecting its olecranon
fossa (Fig. 5C). Around 25% of the remains are partially
affected by manganese oxide mineralization (e.g., Fig. 4A,
F; Fig. 5D), which is a common post-burial alteration in
cave-sediments (Bennasar-Serra, 2010); only one isolated
tooth is affected by carbonate concretion. Notably, 85% of
dental remains belonged to yearlings showing no teeth-
wear; only a few dental specimens of R.ferrumequinum
(e.g., Fig. 4H) and M. gr. myotis/blythii belonged adult indi-
viduals.

The abundance of such typical cave-dwelling bats as
R.ferrumequinum and M. gr. myotis/blythii suggests that
both taxa were accumulated by in situ death within the
cave. However, the scarce complete bones, the differential
loss of post-cranial remains and the dominance of iso-
lated teeth indicate some grade of transport. We propose
a process of dragging-out of the remains from an inner
hall of the cave where the in situ accumulation actually
took place. Both taxa show a mixed age composition with
yearlings and old individuals, which is the typical pattern
of hibernating colonies thanatocenosis (Lépez-Garcia and
Sevilla, 2012). Some minority taxa in AGP-7 assemblage are
also typical cave-dwelling species, such as R. hipposideros,
M. bechsteinii, M. emarginatus or Miniopterus schreibersii. On
the other hand, some others rarely roost in Iberian caves:
M. daubentonii, P. gr. auritus/austriacus, H. aviiand P. gr. kuh-
lii/nathusii (Palomo et al., 2007), from which at least one
specimen shows marks of digestion. Arelatively high diver-
sity of the bat assemblage together with a low proportion
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Quantitative presence indices for the taxa making up the total bat assemblage of Aguilén P7, Zaragoza, Spain, and distribution by habitat (according to
Palomoetal.,2007). NISP: number of identified specimens; MNI: minimum number of individuals; OD: opendry; OH: open humid; Wo: woodland/woodland

margins; Ro: rocky; Wa: water.
Tableau 2

Indices de présence quantitative pour les taxons de la totalité de I'assemblage de chiroptéres d’Aguilén P7, Saragosse, Espagne, et distribution par habitat
(selon Palomo et al., 2007). NISP : nombre de spécimens identifiés ; MNI: nombre minimum d'individus ; OD: ouvert et sec ; OH : ouvert et humide ; Wo :

forét/bordures de forét; Ro: rocheux; Wa: aquatique.

Taxon NISP MNI % Habitat
oD OH Wo Ro Wa
R. ferrumequinum 17 5 33.3 0.8 0.2
R. hipposideros 1 1 6.7 0.6 0.2 0.2
M. gr. myotis/blythii 16 2 13.3 0.2 0.6 0.2
M. cf. bechsteinii 1 d 6.7 0.9 0.1
M. daubentonii 3 1 6.7 0.2 0.2 0.6
M. emarginatus 4 1 6.7 0.4 0.4 0.2
M. emarginatus/daubentonii 1 - - - - - - -
P. gr. auritus/austriacus 4 2 133 0.2 0.7 0.1
H. savii vel P. gr. kuhlii/nathusii 1 1 6.7 0.2 0.2 0.5 0.1
M. schreibersii 3 1 6.7 0.2 0.2 04 0.2
Total 51 15 100
Table 3 11 % 3%
Quantitative data for the osteological composition of the total bat 0
assemblage of Aguilén P7 (Zaragoza, Spain). n: number of elements; %: 5% (OD) (OH)
percentage of the whole bat assemblage constituted by each element,
Tableau 3
Données quantitatives pour la composition ostéologique de I'assemblage 17 % 64 %
total de chiroptéres d'Aguiléon P7 (Saragosse, Espagne). n: nombre
d'éléments; %: pourcentage de chaque élément dans tout I'assemblage (RO) (WO)

de chauves-souris.

Element n %
max (fr) 3 59
M 4 7.8
C 6 118
P2 1 2
P4 3 59
md 2 39
md (fr) 2 39
c 3 59
p4 3 59
m 12 235
m (fr) 8 157
hu (d. e. + diap.) 4 78
Total 51 100

of bat fossils in the entire small vertebrate sample (bat
remains represent less of the 5% of the total recovered
remains of small vertebrates)is the characteristic pattern of
an owl-accumulated assemblage (Kowalski, 1995; Lopez-
Garcia and Sevilla, 2012). Our proposal for this group is
that probably both processes (owl-predation and death
within the cave) contributed to the accumulation. The near-
exclusive presence of yearlings could be explained as the
typical pattern of nursery colonies thanatocenosis (Lopez-
Garcia and Sevilla, 2012) or as a higher vulnerability to
predation for young bats (PetrZelkova et al., 2004; Rosina
and Shokhrin, 2011).

5.2. Palaeoenvironmental approach

The results of our habitat weighting analysis suggest
a patched landscape where woodland and transitional
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Fig. 6. Habitat composition percentages inferred from the bat fossil
assemblage of Aguilén P7 (excluding the material from sector F). OD: open
dry; OH: open humid; Wo: woodland/woodland margins; Ro: rocky; Wa:
water. The most abundant taxa in the assemblage are A: R. ferrumequinum;
B: M. gr. myotis/blythii; C: P.gr. auritus/austriacus.

Fig. 6. Pourcentages de composition par habitat, déduits de I'assemblage
fossile de chiroptéres d’Aguilén P7 excepté le matériel du secteur
F.OD: ouvert et sec; OH: ouvert et humide; Wo: forét/bordures de
forét; Ro: rocheux; Wa: aquatique. Les taxons les plus abondants dans
I'assemblage sont A: R.ferrumequinum; B: M.gr. myotis/blythii; C: P.gr.
auritus/austriacus.

woodland areas would dominate, alternating with seasonal
meadows (Fig. 6). The occurrence of the typical cave-bats
R. ferrumequinum, R. hipposideros, M. gr. myotis/blythii and
M. schreibersii indicates the presence of exposed rock areas
with cavities and/or fissures where they would roost. The
existence of some surface water bodies is a limiting factor
for the taxa M. daubentonii and R. hipposideros. Although all
the species identified in the bat assemblage from AGP-7
currently inhabit the Iberian Peninsula, no similar commu-
nity has been reported in the central Ebro Valley. However,
similar communities are known in other Iberian regions:
the eastern Cantabrian margin, the Sierra de Guadarrama
(central Iberia) and the Sierra de Francia (central-western
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Iberia) (Palomo et al., 2007); all these localities are under
the influence of an oceanic climate. However, the lack
of studies of present-day bat communities in the area of
the central Ebro Valley must also be taken into account.
Our proposal, based on the analysis of the bat assemblage
from AGP-7, is that the area surrounding the locality was
characterized by a mosaic of forest and meadows habitats
with transitional areas, where the water supply was great
enough to support a rich vegetation cover and to maintain
a generally wetter, more oceanic-influenced climate than
nowadays in the area.

The other fossil mammals from AGP-7 consist of taxa
with highly diverse habitat preferences, which is consis-
tent with the patched landscape obtained with bats. The
dominant small mammal at AGP-7 is Iberomys cabrerae, an
endemic Iberian species adapted to a Mediterranean cli-
mate and evergreen meadows (Cuenca-Bescés et al., 2010;
Lopez-Garcia and Cuenca-Bescds, 2012); other small mam-
mals with a lower presence show preferences for woodland
(Apodemus sp.) or rocky, snow areas, such as Chionomys
nivalis. The large mammals are eurythermal species with
preference for temperate climate. The herbivorous mam-
mals of the association, of which Cervus elaphus is the
dominant taxon, points to a landscape characterized by a
mosaic of forest and open habitats with transitional areas
as the chiropteran association does.

5.3. Comparison with other Iberian Late Pleistocene bat
assemblages

Several Late Pleistocene bat assemblages have been
studied all along Spain (Appendix B) although this is the
first report from the Ebro Valley region. The dominant
taxon in AGP-7 site is R.ferrumequinum, which is a com-
mon species in Pleistocene Iberian sites; regarding the two
following taxa in terms of abundance, M. gr. myotis/blythiiis
alsoa common species, but P. gr. auritus/austriacus is rather
uncommon (Lopez-Garcia, 2008; Sevilla, 1988). Besides,
other common species in Quaternary sites, such as R.gr.
euryale/mehelyi and M. schreibersii are respectively absent
or poorly represented in AGP-7; both of them are markedly
thermophilic (Sevilla, 1988). The assemblage includes a
rare species in the Iberian Pleistocene: M.daubentonii,
which has only been reported in one other Iberian locality:
Quibas (Lower Pleistocene, Murcia, Spain), a cool-period
site (Agusti et al., 2009). Finally, a remarkable character-
istic of the AGP-7 site is its high bat diversity despite of
the small amount of remains recovered. Considering other
Iberian sites aged MIS 3 (Appendix B), only La Carihuela
(Granada) has a more diverse bat association than AGP-
7, having been identified 14 taxa in there (Sevilla, 1988)
among which are all the taxa identified in AGP-7. Another
relatively diverse site is El Reguerillo (Madrid) where seven
bat taxa have been identified although this assemblage
rather differs from the one in Aguilén in terms of taxonomic
composition (Sevilla, 1988; Appendix B).

6. Conclusions

The following species were identified in a small
set of bat remains obtained from AGP-7 (MNI=15):
R. ferrumequinum, R. hipposideros, M.gr. myotis/blythii,
M.cf. bechsteinii, M.emarginatus, M.daubentonii, P.gr.
auritus/austriacus, H.savii vel. P.gr. kuhlii/nathusii and
M.schreibersii. All the identified bat taxa from AGP-7
presently inhabit the Iberian Peninsula, but the association
is more typical of regions with an oceanic climate and
woodland environments than the extant conditions in the
Aguilén surrounding area. Our conclusion is that the area
surrounding the AGP-7 locality presented a heterogeneous
vegetation structure composed of an alternation of forest
and meadow zones, where the water supply was great
enough to support a rich vegetation cover and to maintain
generally wetter, rather more oceanic-influenced climate
conditions than nowadays. Further studies on Late Pleis-
tocene sites in the region of the Ebro Valley will be of
interest in order to obtain a complete overview of the
state of chiropters in this area and period; for the moment
only one Iberian site with this age, La Carihuela, is com-
parable with AGP-7 in terms of diversity and taxonomic
composition.
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Appendix A. Measurements of bat specimens from Aguilon P7 site. The measures are expressed in millimeters.

J. Galdn et al. / C. R. Palevol 15 (2016) 501-514

Taxon Element n Min. Max. Average Sd
R. ferrumequinum C 2] L 1.44 1.57 1.48 0.071
W 2.16 229 2.2 0.073
P4 1 L 1.6
W 2.22
M1 1 L 2.11
W 2.66
M2 1 L 1.92
W 2.53
M3 1 L 1.47
w 2.01
c 1 L 1.2
W 1.65
p4 3 L 1:25 131 1:3 0.032
W 1.25 137 1.31 0.061
ml 4 L 2.12 2.25 2.21 0.063
W1 1.14 131 1.21 0.073
w2 1.23 1.64 14 0.179
m2 3 L 223 235 2.29 0.061
W1 1.34 14 1.36 0.035
w2 1.37 1.55 1.46 0.090
m3 2 L 1.96 217
W1 1.29 1.29
W2 0.84 0.89
R. hipposideros P4 1 L 0.9
Y 1.36
M1 1 L 1.45
W 1.6
M2 1 L 1.34
w 1.58
M. gr. myotis/blythii P2 1 L 0.8
W 0.99
P4 3 L 1.55 1.95 1.75 0.199
w 1.39 1.83 1.68 0.254
M1 2 L 2.52 264
w 2.65 2:77
c 2 L 1.05 1.18
W 14 14
p4 3 L 1.39 1.43 1.41 0.02
W 0.98 1.12 1.05 0.07
M. cf. bechsteini hu (ed.) 1 L 295
M. emarginatus c 1 I 1.02
\ 0.81
m2 2 I 1.49 1.55
W1 0.8 0.83
w2 0.96 0.99
m3 1 L 1:35
W1 0.93
w2 0.76
M. daubentonii M1 1 L 1.35
w 1.52
ml 1 L 1.24
W1 -
W2 0.78
m2 1 L 1.27
Wi 0.73
w2 0.78
M. emarg/dauben hu (e.d.) 1 L 2.76
P. gr. auritus/austriacus € 1 L 1.19
W il
M2 1 L 1.53
W 2.18
ml 1 L 19
W1 0.93
w2 1.14
H. savii vel P. gr. ku/nat hu (e.d.) 1 L 2.19
M. schreibersii hu (e.d.) 1 L 3.11
C 1 E 1.13
\ 0.94
m2 1 L 1.58
W1 0.82
w2 0.86
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ARTICLE INFO ABSTRACT

Keywords:

Rhinolophus euryale
Rhinolophus ferrumequinum
Lateglacial

Pyrenean site
Palaeoenvironment

Los Batanes C4 is a cave-site in the Spanish Pyrenees, the minimum sediment calendar age was determined to be
15,234 + 223 cal BP by radiocarbon dating. The cave opens on the northern bank of an eastern tributary of the
River Géllego, at an altitude of 1025 m. The small vertebrates recorded are mainly bats, in order of abundance
Rhinolophus euryale, R. ferrumequinum, Myotis sp. and Miniopterus schreibersii. The association suggests that at the
time of the accumulation the climate was reasonably similar to the current climate; we situate it within a period

of local retreat of the ice-cover in the Géllego Valley during the Lateglacial. This is the highest record of these
species of Rhinolophus in the Iberian Quaternary, showing that the R. euryale altitudinal range was similar to its
extant range during the favourable periods of the Lateglacial. This could indicate that this taxon was relatively
quick in spreading into higher regions whenever climate conditions allowed it.

1. Introduction

Los Batanes Cave C4 (Biescas, northern Spain, Fig. 1a) is a small
karstic cavity (Fig. 1b) located in the Tendefiera Range, on the southern
side of the Pyrenees, at an altitude slightly above 1000 m. a.s.l. (metres
above sea level). This is one of the Pyrenean cave-localities with late
Pleistocene sedimentary fill that have been prospected by the Arago-
saurus Group — a research group on Mesozoic and Quaternary verte-
brate palaeontology from the University of Zaragoza (UNIZAR) — in
recent years. The field-work at this locality forms part of an overall
prospection plan whose main goal is to expand what is known of the
Pleistocene faunas on the Spanish side of the Pyrenees, which is still
very scarce when compared to the French side (Clot and Evin, 1986;
Ninez-Lahuerta et al., 2017; Sauqué et al., 2015; Sauqué et al., 2017;
among others). The research is part of the project 'Recovery of pa-
laeontological remains, cataloguing and dating of the Pleistocene-Ho-
locene deposits of Huesca Pyrenees caves', which is headed by Dr. Ra-
quel Rabal-Garcés and Dr. Victor Sauqué-Latas (Sauqué et al., 2015)
and focuses mainly on completing the Quaternary karst-filling record.

A palaeontological excavation was performed at Los Batanes after
the discovery of several large-mammal fossil remains belonging to the
extinct Pyrenean wild goat Capra pyrenaica pyrenaica (commonly
named “bucardo”) within the cave (Sauqué et al., 2017). A mixed team

with participants from the Aragosaurus Group together with the Spe-
leological Centre of Aragén (CEA) and the Pyrenean Institute of Ecology
(IPE) took part in a field campaign at the site in August 2015 (Sauqué
et al., 2015). When the sediment extracted had been adequately pro-
cessed (washed and sieved), a notable assemblage of small-vertebrate
remains was found, with a predominance of bats. Subsequently, the
chiropteran assemblage from Los Batanes was studied in order to
identify the species recorded and to provide new data on the late
Pleistocene bat distribution in the region of the Spanish Pyrenees.

1.1. Horseshoe bats in the Aragonese Pyrenees and nearby areas.
Background

Horseshoe bats belong to the family Rhinolophidae, formed by a
single genus, Rhinolophus, of which four species currently inhabit the
Iberian Peninsula: Rhinolophus ferrumequinum, Rhinolophus euryale,
Rhinolophus mehelyi and Rhinolophus hipposideros. These are small-to
medium-sized bats that feed mainly on insects, and the group is char-
acterized by a complex horseshoe-shaped nasal appendage which gives
them their common name. This external structure constitutes an
adaptation to a very derived system of echolocation, which consists of
the emission of calls through the nose; these calls are directed and fo-
cused by the multiple skin folds forming the nasal appendage (Dietz
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Fig. 1. Los Batanes site; a: geographical location of the cave; b: scheme of the morphology of Los Batanes Cave (elevation view), with the location of the fossil bone

remains (topographical map provided by the CEA member M. Gisbert).

et al., 2009; Palomo et al., 2007; among others).

Despite the great variety of habitats and roosts available for bats in
Aragonese territory, largely consisting of Mesozoic and Tertiary lime-
stone terrains, the studies of bats in this area are not very abundant
when compared to other regions in Spain (work on extant populations
from the last two decades: Alcalde et al., 2008; Bafaluy-Zoriguel, 1997,
1999, 2000; Garin et al., 2003; Woutersen and Bafaluy-Zoriguel, 2001;
among others). Three Rhinolophus species are currently present in the
Aragonese Pyrenees, with a discontinuous pattern of distribution: the
greater horseshoe bat R. ferrumequinum, the Mediterranean horseshoe
bat R. euryale and the lesser horseshoe bat R. hipposideros (Alcalde et al.,
2008). The studied record of fossil and subfossil horseshoe bats in the
Iberian Pyrenees, the pre-Pyrenees and nearby areas is not very abun-
dant either. In the upper Pleistocene and prior to the LGM (Last Glacial
Maximum), all three species are cited at Gabasa 1 Cave (Huesca,
Mousterian period) (Blasco-Sancho, 1995), and R. ferrumequinum at
Olopte Cave (Girona, Mousterian period) (Lopez-Garcia, 2011). From
the post-LGM record, R. euryale-mehelyi and R. ferrumequinum are cited
at Colomera Cave (Lleida, Holocene, 6-6.2 ka) (Oms et al., 2008); R.
ferrumequinum also appears at Marizulo (Guipuzkoa, Holocene, 5.2 ka)
(Altuna, 1972), and Rhinolophus sp. is recorded at Laminak II (Biscay,
Holocene, 10.3 ka) (Pemén, 1994).

1.2. Objectives

The present work has the following objectives. The first aim is to
characterize the fossil bat assemblage in terms of its taxonomic com-
position and diversity, the relative abundance of bats in comparison
with other groups of small vertebrates in the cave, and the origin of the
accumulation. The second aim is to ascertain the palaeoenvironmental
framework at the time of the accumulation on the basis of the ecolo-
gical data for the species of bats that form the assemblage. The final
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objective is to provide new data on the ancient distribution of the bat
species identified, which in this case will also contribute to filling the
gap in our knowledge about this group of mammals in the palaeonto-
logical sites of the Iberian Pyrenees and pre-Pyrenees.

2. Karstic fissure-fill and cave sediments from los batanes:
geographical and geological location and chronological
correlation

Los Batanes cave (X: 720.080; Y: 4726.585) is a karstic cavity that
developed in late Cretaceous (Maastrichtian) limestones (Rios-Aragiies
et al., 1987; Gil-Pena et al., 1996) (Fig. 2). It is located on the eastern
side of the upper Géllego Valley, which drains a large part of the cen-
tral-southern Pyrenees and has a complex drainage area composed of
various main and secondary valleys (Palacios et al., 2015). The en-
trance to the cave opens at an altitude of 1025 m. a.s.l., on the northern
bank of an eastern tributary to the River Géllego. It is a small-sized cave
basically consisting of a descending, narrow pressure tube of about
1-2m width, which appears not to be being used as a bat roost at
present (personal observation).

The excavation took place at the bottom of the tube, where it be-
comes slightly broader and where there is a body of sediment of still
unknown depth, sealed under a calcite crust (Fig. 1b). The sedimentary
deposits mainly consist of a clay matrix of mixed origin (both auto-
chthonous decalcification clays and allochthonous mud from outside),
autochthonous carbonate clasts from the walls of the cave, and al-
lochthonous clasts that probably came from the erosion of a nearby
moraine, such as the granite clasts that ultimately originated in the
Panticosa batholith (Fig. 2). The fossil remains were recovered from the
first 0.5 m of the sedimentary pack, beneath the calcite crust. A bone
belonging to Capra pyrenaica pyrenaica embedded in this crust was
radiocarbon-dated, giving an age of 13.507-13.061 years cal BC with
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the probability of 95.4% (2s) (15.234 + 223 cal BP). Analysis were
made at Poznan Radiocarbon Laboratory (lab. ref. Poz-75800) and ca-
librated with the OxCal v4.2.4 program (Ramsey and Lee, 2013).

The radiocarbon date allowed us to place the accumulation of our
fossil assemblage chronologically at the end of the upper Pleistocene, in
the cold Marine Isotopic Stage (MIS) 2. It was probably produced in a
period of transition between the LGM (Last Glacial Maximum) and the
beginning of the Holocene (Hughes et al., 2013). At that time the cli-
mate underwent a warming trend that was nonetheless interrupted by
various cold, generally dry pulses (which in western Mediterranean
areas basically correspond to the Older Dryas, the intra-Allersd Cold
Period and the Younger Dryas; Fletcher et al., 2010; Palacios et al.,
2015). These climatic and environmental changes in the final part of
the upper Pleistocene had consequences for faunal associations: in
many localities, the late Pleistocene-Holocene transition is marked by
the substitution of some taxa by others and by an increase in woodland
habitats to the detriment of open landscapes (referring to palynological
studies: e.g. Carri6n et al., 2010; Dorado et al., 2002; Fernandez et al.,
2007; Gil Garcia et al., 2002; referring to small-vertebrate associations:
e.g. Cuenca-Bescés et al., 2009; Cuenca-Bescos et al., 2010; Lépez-
Garcia et al., 2015). As regards the palaeoclimatic framework in the
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Spanish Pyrenees, specifically in the Géllego Valley, all the evidence
points to a maximum ice extent largely predating the global LGM
(Garcia-Ruiz et al., 2003). According to Palacios et al. (2015), at least
two episodes of glacial re-advance can be detected in the Géllego Valley
during the Lateglacial period (Guiter et al., 2003): before approxi-
mately 17 ka, and again at approximately 14-11.7 ka. Palacios et al.
(2015) hypothesize that these can be related to the Oldest Dryas, and
the Older or Younger Dryas respectively (Fig. 2).

3. Material and methods
3.1. Fieldwork and fossil sorting

The excavation area was located deep in the cave, at a distance of
40 m length and —12 m height from the cave entrance (Fig. 1b). Access
and digging at such a distance from the cave's opening required spe-
leological expertise. The extracted sediment was processed at the la-
boratories of the IPE and UNIZAR. The clay matrix was removed by
washing the sediment through two superimposed sieves of 5 and
0.5 mm mesh-size respectively. Then, the bones of the small vertebrates
were picked out from the remaining sediment (consisting of clasts
larger than 0.5 mm) at the laboratory.

The fossil material studied here mainly consists of disarticulated
bones from bats, both cranial and postcranial. The recovered material is
deposited at the Natural Science Museum of Zaragoza (Canudo, 2017).

3.2. Identification and description of the bat remains

The bat remains were described and measured and determined to
species level whenever possible. The teeth were measured by taking
photos of the specimens in occlusal view using an Olympus SZ61 bi-
nocular stereo microscope with an attached camera (LC20 model); for
larger bones a caliper (Mitutoyo CD-8” CX Digimatic Caliper, Japan)
with a theoretical precision of 0.01 mm was employed. We followed the
taxonomic criteria established by Dupuis (1986), Felten et al. (1973),
Jenrich et al. (2012), Menu and Popelard (1987), Ridulet (2003) and
Sevilla (1988) among others. We undertook comparative anatomy with
extant specimens of horseshoe bats from Southwestern European po-
pulations belonging to the following institutions: the International
Centre for Water and Environment (CIAMA) at La Alfranca (Zaragoza),
the National Museum of Natural Sciences of Madrid (MNCN), the Ar-
chaeosciences Laboratory of Lisbon (LARC), the National Museum of
Natural History of Paris (MNHN), the Doflana Biological Station (EBD)
and the Smithsonian Institution, National Museum of Natural History,
Division of Mammals. In characterizing the fossil assemblage, we fol-
lowed the taphonomic criteria established by Andrews (1990),
Bennasar (2010), Fernandez-Jalvo and Andrews, (2016), Kowalski
(1995) and Lépez-Garcia and Sevilla (2012), among others. The clas-
sification according to age groups based on tooth wear follows the same
criteria as Popov and Ivanova (2002).

3.3. Abbreviations

Naming the teeth: i (incisor), ¢ (canine), p (premolar), m (molar);
teeth from the upper series are named in capital letters while teeth from
the lower series are named in lowercase letters (i.e. M1 is the first upper
molar; p3 is the third lower premolar). Measuring the teeth: L (ante-
roposterior length), W (lateromesial width), L1 (greater length of upper
molars, distance from the parastyle to the metastyle), L2 (medium
length of upper molars, measuring the constriction of the protoconal
basin), wl (width of lower molars trigonid, distance from the meta-
conid to the protoconid) and w2 (width of lower molars talonid, dis-
tance from the entoconid to the hypoconid). Naming and describing the
cranial and postcranial skeleton: Cr (cranial), PCr (postcranial), mx
(maxilla), md (mandible), bu (tympanic bulla), at (atlas), vert (ver-
tebra) sca (scapula), clav (clavicle), p ring (pectoral ring), hu
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Table 1
Presence in terms of NISP (number of identified specimens) and MNI (minimum
number of individuals) of each identified bat taxon.

Taxon NISP MNI
Rhinolophus euryale 99 12
Rhinolophus ferrumequinum 13 2
Rhinolophus sp. 28 -
cf. Miniopterus schreibersii 1 1
Moyotis sp. 2 2
Chiroptera indet. 21 -
TOTAL 164 17

(humerus), ra (radius), metac (metacarpus), pelv (pelvic bone), fe
(femur), ti (tibia), R (right), L (left), fr (fragment), b (body), mr
(mandibular ramus), pep (proximal epiphysis), dep (distal epiphysis),
diap (diaphysis). Other abbreviations: NR (number of remains, all the
recovered bone and dental fragments), NISP (number of identified
specimens, all the remains assigned to a certain skeletal element), MNI
(minimum number of individuals), Ri (relative abundance of the ele-
ments in the sample), Ni (minimum number of elements in the sample),
Ei (number of elements in an individual).

4. Results

The fossil bat assemblage consists of 434 recovered bone and dental
fragments: i.e. NR = 434. Of these, 164 specimens have been assigned
to a certain skeletal element and taxon: i.e. NISP = 164 (Table 1). It is
mainly made up of bones from two species of horseshoe bats: the
Mediterranean horseshoe bat R. euryale, MNI = 12, and the greater
horseshoe bat R. ferrumequinum, MNI = 2 (Table 1). Four more speci-
mens have been assigned to the Vespertilionidae family (Table 1).

4.1. Taxon assignation

4.1.1. Rhinolophidae

The assignation of most of the specimens from Los Batanes to the
genus Rhinolophus is unequivocal. Regarding the cranial skeleton, as the
premaxilla is only attached to the maxilla via a restricted caudal joint,
this bone is detached in fossil specimens (Fig. 3a) and usually absent, so
the most anterior alveolus shown by the upper jaw is the canine one. P4
and M1 have well-developed heels, as has M2 to a lesser extent
(Fig. 3a), and C is robust, trapezoidal and presents a concave lingual
side of the crown (Fig. 3b) (Sevilla, 1988). The mandibular ramus is
rectangular in external view with an almost horizontal mandibular
notch (Fig. 3a); the lower molars are nyctalodont (Menu and Sige,
1971) and present a narrow, regular cingulum (Fig. 3c), which is also
characteristic of this genus. The dental formula of Rhinolophus is
1.1.2.3/2.1.3.3 (Sevilla, 1988; Palomo et al., 2007). The tympanic bulla
has a characteristic conical spiral shape.

As regards the postcranial skeleton, a distinctive structure of
horseshoe bats is the pectoral ring (Fig. 3d) consisting of various fused
bones: the sternal body, the first pair of ribs, and the first pectoral
vertebra (Fomin and Lovachev, 2000). The scapula is leaf-shaped with a
pointed inferior angle (Fig. 3f). The proximal epiphysis of the humerus
is diagnostic in having a trochin almost as big as the trochiter with a
humeral head that is small and round (Dupuis, 1986) (Fig. 3e); the
distal epiphysis is diagnostic in having a pen-shaped styloid process, a
broad epitrochlea (Dupuis, 1986; Felten et al., 1973), and dorsally
projected condyles (Fig. 4b). The radius is strong, and by contrast with
most vespertilionid bats (except Miniopterus) the ulna insertion is in the
middle zone of the diaphysis instead of close to the proximal epiphysis.
The proximal epiphysis of the radius of horseshoe bats differs from that
of Miniopterus in having an open flexor fossa and a rounded proximal tip
(Dodelin, 2002). The pelvis presents a characteristic oval, ante-
roposteriorly elongated small obturator foramen and a wide ischiopubic
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ramus. The femur has a flattened head and a pronounced, curved
medial ridge, well differentiated from the lesser trochanter; the distal
condyles are tiny and a broad groove separates them from one another
(Fig. 3g).

Rhinolophus euryale (Mediterranean horseshoe bat, Table 1,
Table 2, Fig. 3). The remains belong to a medium-sized form of
horseshoe bat, of which two species inhabit the Iberian Peninsula: R.
mehelyi and R. euryale, the former slightly larger than the latter (Diezt
et al., 2009; Palomo et al., 2007). We compared the molar measure-
ments of our assemblage (Table 3) with those of extant horseshoe bats
from Southwestern European populations (Fig. 5), which allowed us to
assign the cranial remains to the species R. euryale (Fig. 3a,b,c). The
distal epiphyses of the humeri present a straight styloid process with
convex edges by contrast with that of R. mehelyi, which is quadrangular;
both morphology and size of the distal epiphysis (Fig. 3e, Table 3)
supports the assignation to R. euryale (Dupuis, 1986; Felten et al.,
1973).

R. euryale currently inhabits the Mediterranean region of Europe, as
well as some parts of northern Africa and the near East (Dietz et al.,
2009). Given its preference for roosting in caves, this species is linked to
karstic areas; for nursery colonies it generally chooses roosts at an al-
titude of less than 800 m. a.s.l. and therefore with a milder, more fa-
vourable climate (Dietz et al., 2009). It has been recorded in present-
day Spain at a maximum altitude of 1360 m. a.s.l. (Palomo et al., 2007),
but in the Pyrenees the altitudinal range for nursery roosts of this
species is 509-792 m. a.s.l. (Alcalde et al., 2008). Although the species
has been associated with forests, recent studies have indicated that the
significant factor in the choice of foraging areas by these bats is the
existence of edge habitats (Goiti et al., 2003, 2008).

Rhinolophus ferrumequinum (Greater horseshoe bat, Table 1,
Table 2, Fig. 4a and b).

This taxon is only rarely represented in the association. The large
size of the remains (Table 3) allows them to be assigned unequivocally
to this species, as it is the largest extant horseshoe bat in Europe (Dietz
et al., 2009; Palomo et al., 2007; Sevilla, 1988); the molar measure-
ments confirm the assignation of the cranial remains to R. ferrume-
quinum (Figs. 4a and 5). This taxon presents the dental formula of the
genus, although p3 is very tiny and appears labially displaced outside
the tooth row (Sevilla, 1988; Topal, 1979) (Fig. 4a).

R. ferrumequinum has a broader distribution throughout Europe and
Asia than R. euryale, although the epicentre of its distribution is also the
Mediterranean basin; in central Europe it only occupies environments
with a mild climate (Dietz et al., 2009). The greater horseshoe bat
generally inhabits temperate plains and Mediterranean mountains
(Dietz et al., 2009); its altitudinal range in Aragon has been recorded as
149-1597 m. a.s.l. (Alcalde et al., 2008). It chooses its roosts in places
with a presence of mixed habitats for foraging: deciduous forest alter-
nating with meadows and shrubberies (Dietz et al., 2009). In the south
of Europe, it is generally associated with medium-sized horseshoe bats,
together with M. schreibersii, M. emarginatus and M. capaccinii (Dietz
et al., 2009).

Rhinolophus sp. (Horseshoe bat specimens, Table 1, Table 2).

Some recovered material is too fragmented or deteriorated to be
assigned unequivocally to either of the two horseshoe bats identified in
the association, or it comprises bones which could not be compared to
previous descriptions in the literature or to extant specimens for com-
parative anatomy.

4.1.2. Vespertilionidae

Miniopterus schreibersii (Schreibers' bent-winged bat, Table 1,
Table 2, Fig. 4c).

The size of the scapula corresponds to a medium-sized bat. The
general morphology is different from that of horseshoe bats, having a
long straight lateral border which forms an angle of approximately 60°
with the spine. The coracoid process projects medially (unlike in Myotis
and Plecotus); the external edge of the supraspinal fossa at the junction
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Fig. 3. Rhinolophus euryale fossil specimens from Los Batanes Cave; a: mx with P4-M3 (L) 2017/1144 in occlusal (top) and labial (bottom) view; b: C (L) 2017/1145 in
labial (top left), lingual (top right) and occlusal (bottom) view, ¢: md with p4-m3 (L) 2017/1146 in occlusal (left) and labial (right) view; d: p ring 2017/1147 in
anterior (top) and posterior (bottom) view; e: hu (L) 2017/1149 in external (top) and internal (bottom) view; f: sca (L) 2017/1148 in external (top), dorsal (second
top), internal (second bottom) and ventral (bottom) view; g: fe (R) 2017/1150 in posterior (top) and anterior (bottom) view.

of the spine and the superior scapular border is rounded (instead of
angulated as in other vespertilionids); and the superior border shows a
wide, triangular lamella projecting ventrally. For all these reasons we
assign the remnant to Miniopterus; there is no other species of this genus
currently living in Iberia.

M. schreibersii today inhabits the Mediterranean region of Europe, as
well as some parts of northern Africa and the near East (Dietz et al.,
2009). Its habitat preferences include all the Mediterranean landscapes,
and it shows a strong preference for roosting in caves (Dietz et al., 2009;
Palomo et al., 2007). Its altitudinal range is quite wide in Spain at
present; it has been recorded at heights as great as 1599 m. a.s.l.
(Alcalde et al., 2008).

Myotis sp. (Small mouse-eared bat specimens, Table 1, Table 2,
Fig. 4d).
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The size of the distal epiphyses of both humeri (Table 3) matches
with the smallest forms of Vespertilionidae. The morphology of the
proximal edge between the trochlea and the condyle (Fig. 4d) is straight
or slightly concave as in Myotis spp. by contrast with Plecotus spp.,
which presents a convex edge (Dupuis, 1986; Felten et al., 1973).
Possible taxa to which the remains might be assigned are M. nattereri,
M. capaccinii, M. emarginatus, M. daubentonii (although data in the
previous literature indicate slightly larger distal epiphyses for this
species), M. mystacinus (data in the literature indicate slightly smaller
distal epiphyses) (Dupuis, 1986; Felten et al., 1973) and M. alcathoe
(Dietz et al., 2009).

The above-mentioned species of small-sized Myotis present a notable
variety of extant distribution and habitat preferences. Although most of
them inhabit all of Europe, the species M. capaccinii and M. emarginatus
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Fig. 4. Rhinoloph
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fossil specimens from Los Batanes Cave; a: md with m2 (R) 2017/1151 in occlusal (left) and labial (right) view; b: dep hu (L) 2017/

1152 in external (left) and internal (right) view. cf. Miniopterus schreibersii fossil specimen from Los Batanes Cave; c: sca (L) 2017/1153 in ventral (left), internal
(second left), in dorsal (second right), and in external (right) view. Myotis sp. fossil specimens from Los Batanes Cave; d: dep hu (R) 2017/1154 in external (left) and

internal (right) view.

are mainly restricted to the Mediterranean area of influence (Dietz
et al., 2009), the former being a markedly thermophilic taxon (Palomo
et al., 2007). As regards their foraging areas, they mostly prefer more or
less closed forests (M. daubentonii, M. mystacinus, M. alcathoe, M.
emarginatus), although some also employ open landscapes (M. nattereri)
or are conditioned by other factors such as the presence of water bodies
(M. daubentonii, M. capaccinii) (Palomo et al., 2007; Dietz et al., 2009).

4.2. Characterization of the taphocenosis

The composition of the whole small-vertebrate assemblage is mainly
dominated by bats, but other groups of animals are also represented
here (NR = 49): rodents (Apodemus sp. MNI = 1; Eliomys quercinus,
MNI = 1), shrews (Crocidura russula, MNI = 1) and birds (MNI = 8).

The majority of the small bone remains have a fair coloration from
white to beige, but just under a fifth of the total specimens have darker,
orange-brown tones or present small areas with black staining
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(Fig. 6a,b,c). Almost half of the sample shows strong surface weath-
ering, generally linked to a fairer surface colour, whereas a small
amount of the remains (15%) shows dissolution marks on the surface,
and some specimens show both types of alteration (Fig. 6d,e,f). The
Rhinolophus sample presents a notable differential loss of skeletal ele-
ments. Considering the relative abundance of elements (Ri = Ni/(MNI x
Ei) X 100; Andrews, 1990; Bennasar, 2010), the best-preserved elements
are the humeri and radii, the only bones with a survival percentage
above 50% (Table 4). The composition of the sample in terms of age
groups based on tooth wear is as follows: a minimum of five individuals
of R. euryale were subadults (the teeth show no wear), whereas at least
two individuals were adults whose teeth show rounded cusps in one
case, and dentine fields in the other; the only mandible of R. ferrume-
quinum preserved belonged to an old adult individual as dentine fields
are observed in the molar (Fig. 6g,h,i). No teeth are preserved for the
remaining seven individuals, but all the limb bones preserved are
completely fused, suggesting that they belonged to individuals old
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Table 2
List of the recovered material for each bat taxon; Elem: element; Lat (laterality),
n: number of assigned specimens. Anatomical abbreviations in paragraph 3.3.

Taxa Elem Lat n Taxa Elem Lat n

R. euryale bu R 7 R euryale dep ra R 4

L 2 L 2

mx R 1 pep ra L 6

L 1 diap ra - 3

(¢ R 1 ti R 3

L 1 pep ti L 1

M1 R ik fe R S

I 2 pep fe R 3

P4 L 1 L 2

md R 3 dep fe R 1

L 4 R. ferrumequinum md R 1

md b R 1 ml R 1

L 2 hu R 1]

fr md R 2 dep hu R il

L 1 L 2

c R 1 pep hu L i

L 2 pep ra R 2

p4 R 1 L 1

at il diap ra 2

p ring - 3 ti L 1

esc R 2 Rhinolophus sp. fr pelv 1

L 3 fr pep ra L 1

hu R 3 pepmetcp I R 6

L 4 L it

pep hu L 2 pep metcp IV R 4

dep hu L 5 L 5

dep + diaphu L 1 pepmetcpV R 7

diap hu - 1 L 3

ra L 1 M. schreibersii sca L 1

R 1 Moyotis sp. hu R 2

pep + diapra R 3 Chiroptera indet. fr clav 9
L 5 vert 12

enough to fly (Adams, 2008; Dietz et al., 2007, 2009).
5. Discussion
5.1. Origin of the accumulation

Two hypotheses are considered here: (1) that the accumulation of
the bat remains was due to the action of predators and the subsequent
transport of their discards deep into the cave by a water flow, or (2) that
the accumulation was produced by bats roosting in the cave followed by
an in situ death.

The varying degrees of coloration and weathering shown by the
fossil bones point to different time-spans of subaerial exposure and
burial, which is a common phenomenon even among the bones of a
single skeleton once it is accumulated (Fernandez-Jalvo and Andrews,
2016). The dissolution marks observed in some specimens may be
caused either by digestion or by the environmental moisture of a water
flow. The elements with the highest survival percentage in the assem-
blage are humeri and radii, the two largest and strongest bones in the
bat skeleton. The differential lack of skeletal elements in the recovered
assemblage may be explained as the effect of transport within the cave-
system or of predation. However, bats are rarely hunted by birds, car-
nivorous mammals or lizards and cases of predation on horseshoe bats
are even scarcer as this group is apparently more efficient at eluding
predators (Dietz et al., 2009; Kowalski, 1995). The global composition
expected for a small-vertebrate assemblage produced by predatory ac-
cumulation is a small number of bats represented in comparison with
other small mammals such as rodents or with small birds, which is
contrary to the small-vertebrate assemblage from Los Batanes. If the
bats died in the cave, the dominance of bats in the assemblage could be
explained by the continuous roosting of R. euryale in the site, and the
occasional presence of the other taxa. In the light of the great pre-
dominance of bats within the assemblage, the most probable origin of
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Table 3

Biometric characterization of the teeth and humeri of Los Batanes fossil bat
assemblage, Elem: element, Meas: measurement, n: number of measured spe-
cimens; Min: minimum value of the sample (mm); Max: maximum value of the
sample (mm); M: mean value (mm); SE: standard error (mm); SD: standard
deviation (mm). Anatomical abbreviations in paragraph 3.3.

Taxon Elem  Meas n Min Max M SE SD
R. euryale P4 W 3 113 1.19 116 0.02 0.03
L 3 120 1.67 137 015 027
C w 2 1.02 1.08 1.05 0.03 0.04
L 2 1.44 149 146 0.02 0.03
M1 w 1 1.83
L1 1 1.63
L2 1 117
M2 w 4 1.64 1.75 1.71 0.02 0.05
L1 4 1.45 1.48 1.46 0.01 0.01
L2 4 1.01 1.12 1.06 0.02 0.05
M3 w 2 0.17 1.50 0.84 0.67 0.94
L1 2 1.11 1.15 1.13 0.02 0.03
L2 2 0.74 0.81 0.78 0.04 0.05
ml wl 8 0.77 1.06 092 0.03 0.09
w2 8 0.85 1.08 0.95 0.02 0.07
1 8 1.50 1.68 1.64 0.02 0.06
m2 wl 9 0.84 1.12 0.98 0.03 0.09
w2 9 0.90 1.11 1.00 0.02 0.07
1 9 1.53 1.59 1.55 0.01 0.02
m3 wl 6 082 1.01 0.93 0.03 0.08
w2 6 0.67 0.83 0.76 0.03 0.06
1 6 124 1.44 1.37 0.03 0.07
hu depW 10 435 461 4.44 0.03 0.09
R. ferrumequinum  m1 wl 1 1.47
w2 1 1.56
1 1 2.02
m2 wl 1 1.49
w2 1 1.62
1 1 2.02
hu depW 3 494 511 5.04 0.05 0.09
Myotis sp. hu depW 2 236 244

the accumulation is the death of the animals that formed a colony
within the cave. Most of the Mediterranean horseshoe bats recorded
were subadult specimens, but with no obvious infants within the as-
sociation it cannot be determined whether it was a nursery colony. The
relatively high location of the cave points instead to a hibernating
colony, which in these species of horseshoe bats usually involves a
small cluster of individuals (Alcalde et al., 2008; Palomo et al., 2007).

5.2. Palaeoenvironmental framework

The two species of horseshoe bats recorded in Los Batanes currently
inhabit the Pyrenees of Aragon although they have a discontinuous
distribution (Alcalde et al., 2008). The bat species that constitute the
fossil assemblage studied here are typically associated with each other
when forming colonies in caves nowadays (Dietz et al., 2009; Palomo
et al., 2007).

The bat association from Los Batanes Cave consists of a majority of
Mediterranean-related species with foraging strategies generally linked
to the presence of forest habitat or at least patchy arboreal cover. The
other small mammals recorded in the site are today widespread
throughout the Iberian Peninsula with relatively wide altitudinal
ranges, and they currently show habitat preferences for both arboreal
cover (Apodemus sp. and E. quercinus) and open landscapes (C. russula)
(Lépez-Garcia, 2011; Palomo et al., 2007). Based on the association,
and having the altitude of the site into account, the most plausible
scenario for the period of accumulation was a temperate, mild climate
and a landscape with a notable presence of forest but a generally mixed
structure, where hedge habitats were prominent. In the light of the
radiocarbon date obtained for Los Batanes assemblage (an age of about
15.5-15 ka BP) and according to the two ice re-advances detected in the
Gallego Valley during the Lateglacial (one at about 17 ka BP, the other
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Fig. 5. Dot plots comparing the anteroposterior lengths (L) of upper and lower molars of the Rhinolophus specimens from Los Batanes and the extant specimens in the
collections (see paragraph 3.2.). The circles and squares represent the mean value for each group, the lines represent the standard deviation, in mm. Anatomical

abbreviations in paragraph 3.3.

at 14-11.7 ka BP, Palacios et al., 2015), it is reasonable to conclude that
at the time the accumulation took place, the Géllego Valley was in a
period of local ice-cover retreat soon after the first local re-advance of
the Lateglacial. Finally, the recorded bat association suggests that the
climate conditions in the area by that time were at least as mild as they
are today.

5.3. Palaeobiogeography

The two Rhinolophus species found in Los Batanes were already
present in Spain in the late Pliocene (Agusti et al., 2011) and have a
regular but scanty record throughout the Iberian Quaternary (e.g
Sevilla, 1988; Galan et al., 2016a; Galan et al., 2016b), including some
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localities in the Pyrenees and the pre-Pyrenees (Altuna, 1972; Blanco-
Sancho, 1995; Lépez-Garcia, 2011; Oms et al., 2008; Pemén, 1994).
However, none of the localities in the literature with a record of the two
Rhinolophus species in the Pyrenees and the pre-Pyrenees is at such a
great altitude as Los Batanes Cave. This new record provides reliable
evidence that the distribution of R. euryale and R. ferrumequinum
reached altitudes as high as 1025 m in the Iberian Pyrenees during the
Lateglacial. In the case of the former species this is quite close to its
extant altitudinal maximum in Spain (1360 m. a.s.l. according to
Palomo et al., 2007). The fact that the altitudinal range of R. euryale
was at least as great then as it is today can be interpreted as an indicator
of the relative speed of this taxon in spreading into higher regions
whenever climate conditions allowed it, even during a period of time
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1 mm
|

Fig. 6. Main taphonomic remarks. Bone coloration; a: orange-brown mandible of R. euryale; b: beige mandible of R. euryale; c: white mandible of R. euryale. Bone
surface alterations; d: non-altered bone and enamel in a R. euryale mandible; e: bone surface affected by weathering, but not the enamel, in a R. euryale mandible; f:
surface weathering and dissolution marks in a distal epiphysis of R. euryale humerus. Tooth-wearing; g: subadult specimen of R. euryale, the m2 shows no wear; h:
adult specimen of R. euryale, the m2 shows notable wear on the occlusal surface; i: adult specimen of R. ferrumequinum, the m2 shows notable wear on the occlusal

surface.

Table 4

Relative abundance of the main skeletal elements recovered at Los Batanes and
assigned to genus Rhinolophus; Elem: element; Ri: relative abundance of the
elements in the sample; Ni: minimum number of elements in the sample; Ei:
number of elements in an individual. Anatomical abbreviations in paragraph
3.3.

Element (Cr) Ni Ei Ri (%) Element (PCr) Ni Ei Ri (%)
bu 9 2 32.1 clav 9 2 321
mx 2 2 7.1 p ring 3 1 25.0
md 9 2 32.1 esc 5 2 17.9
teeth 9 16 4.0 pelv 1 2 3.6
metep (ii-v) 26 8 23.2
hu 17 2 60.7
ra 20 2 71.4
fe 10 2 35.7
ti 5 2 17.9
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such as the Lateglacial which was mainly characterized by climate in-
stability and alternations of local ice-cover retreats and re-advances
(Garcia-Ruiz et al., 2003; Palacios et al., 2015).

6. Conclusions

The late Pleistocene bat assemblage from the site of Los Batanes
provides the highest Quaternary record of R. euryale and R. ferrume-
quinum in the Spanish Pyrenees and pre-Pyrenees, which is very close to
present altitudinal limit of the first species. The clear Mediterranean
affinity presented by the bat association together with the altitude of
the site suggests than even in a period characterized by climatic in-
stability as it was the Lateglacial, local climate conditions could be as
mild as they are nowadays during the moments of ice-cover retreat.
Finally, the presence of R. euryale in a site with this location and
chronology could be an indicator of the relatively high speed of this
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taxon in spreading into higher regions whenever climate conditions
allowed it.

Further investigations into Quaternary mountain localities will im-
prove the resolution of the bat fossil record and increase our under-
standing of the effect of climate fluctuations on the distribution of these
horseshoe bat species.
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