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ABSTRACT: The genus Equus was represented on the Iberian Peninsula by four species during the late
Quaternary: the wild, now extinct, E. ferus (wild horse) and E. hydruntinus (European wild ass) and the extant,
domestic E. caballus (horse) and E. asinus (donkey). The distribution and timing of the extinctions of the wild
species and arrival of the domestic species is important to understand the changing environment and cultures
through this dynamic period in one of the three southern Pleistocene glacial refugia in Europe. Here we collected
data from all zooarchaeological studies that meet basic completeness criteria from the Palaeolithic to the Bronze
Age (45-3.2 ka 8p) and analysed the equine data in light of other large mammals at the same sites in order to
document the species turnover and distributions through this culturally and ecologically dynamic period. The
vast majority of Palaeolithic Equus were confidently identified as E. ferus, and by the Bronze age as E. caballus,
with much uncertainty in between. Over time the larger equids (horses) were much more common than the
smaller equids (asses). Equids were not common, but they were distributed across the southern Iberian peninsula
through the Chalcolithic, and then appear to have become restricted to the drier eastern region in the Bronze
Age. These analyses indicate that both E. ferus and E. hydruntinus went extinct by the end of the Pleistocene/
Palaeolithic in Andalucia. Not all communities maintained equal numbers of equids, and their distribution
changed with the changing climate through time, most notably between the Chalcolithic and the Bronze Age
when confidence in species identification and local density of horses increase, but the distribution is restricted to
the drier eastern region. © 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.
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Asian Neolithic (Olsen, 2000; Outram et al., 2009; Gaunitz
etal., 2018). However, genetic studies suggest that wild horses
from multiple locations contributed to the domestication

Introduction

Two wild equids (Equus sp.) inhabited the Iberian peninsula in

the late Pleistocene, the larger Equus ferus, the wild horse, and
the smaller and much more rare E. hydruntinus or European
wild ass (Sanz-Royo et al., 2020). Both of these species went
extinct on the Iberian peninsula by the late Pleistocene or early
to mid-Holocene (Geigl and Grange, 2012; Crees and Turvey,
2014). The wild horse declined notably across Europe
at this time (Bendrey, 2012), although some think it survived
to historic times in the forests of Germany, Lithuania,
Poland, Ukraine and Russia (Olsen, 2006), although that
seems unlikely (Lovasz et al., 2021). By the Chalcolithic
(5.5-4 ka Bpr) there were again two equids on the lberian
peninsula, but they were both domestic: the larger and more
common domestic horse, E. caballus; and the smaller donkey,
E. asinus (Cardoso et al., 2013).

The wild horse E. ferus was widespread across Eurasia and
North America, and is the ancestral species of the domestic
horse (Vila et al., 2001; Gaunitz et al., 2018). There was some
genetic structure in Pleistocene wild horses across their
distribution based on ancient mitochondrial DNA sequences
(Vila et al., 2001; Cieslak et al., 2010), but there was apparent
panmixia across much of Eurasia. The earliest evidence of
horse domestication comes from about 5.5 ka 8p in the central
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process, either through independent domestications or back-
crossing (Fages et al., 2019; Jansen et al., 2002; Leonard and
Vila, 2014; Lira et al., 2010; Lira, 2017; Vila et al., 2001).
Genetic studies also suggest that ancient Iberian horses could
have been one of the multiple populations that contributed to
the domestic species (Vega-Pla et al., 2006; Warmuth et al.,
2011; Fages et al., 2019). The wild ancestor of the donkey
(E. africanus) is not native to Europe; it is only distributed in Africa
(Beja-Pereira et al., 2004; Rossel et al., 2008; Vila et al., 2006).
The change from wild E. ferus and E. hydruntinus to the
domestic E. caballus and E. asinus is difficult to identify in the
archaeological record owing to high within-species morpho-
logical variability in equids in general (Bignon and Eisenmann,
2006; Eisenmann, 1996). Many zooarchaeological studies are
only able determine equids to the genus level, and sometimes
genus and size class (large or small referring to horse or
donkey, respectively, without determining the species). A
further complication in the archaeological record is the ability
of horses and donkeys to hybridize and yield morphologically
intermediate mules (Lau et al., 2009; Granado et al., 2020).
The Iberian peninsula was one of the natural Pleistocene
refuges for European fauna and flora (Crees and Turvey, 2014;
Morales et al., 1996), and there is genetic evidence that Iberian
horses were isolated from the broader Eurasian horse population
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in the late Pleistocene and early Holocene (Cieslak et al., 2010).
Despite the added importance of this population, there is
a dirth of published palaeobiological studies of the horses on
the Iberian Peninsula, especially from the south, Andalucia
(Sommer et al.,, 2011; Crees and Turvey, 2014; Strani and
DeMiguel 2023). This problem is aggravated by the difficulty of
finding papers that were printed in regional, not scientifically
indexed publications (Bernaldez-Sanchez and Bernaldez-
Sanchez, 1998; Garcia-Vifas and Berndldez-Sanchez, 2013;
Garcfa-Vifias et al., 2014). During the 1970s and 1980s there
was considerable archaeological effort made in Andalucia, but
most of the reports were published in books that have not yet
been digitized, or other local, undigitized literature. To facilitate
access to these data, the Andalusian Historical Heritage
Information System (Sistema de Informacion para la Gestion
del Patrimonio Cultural en Andalucia; Mosaico) registers the
information of all approved archaeological sites in the province.

Here we characterize changes in the distribution and relative
abundance of the equid species in Andalucia from the
Middle-Upper Palaeolithic (late Mousterian) to the Bronze Age
(45-3.2 ka Bp). This period starts when all equids were clearly
wild, and ends after all equids in the region are clearly domestic.
We used the Mosaico database to identify all archaeological
sites in Andalucia in the target time period, georeferenced all
sites, determined which sites had associated zooarchaeological
data, extracted ungulate faunal data, and measured equid
first phalanges where possible, and then analysed the spatio-
temporal distribution of these four species of Equus.

Materials and methods
Archaeological sites

The sites included in this study were identified through the
Mosaico database. Mosaico was developed as a centralized
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registry of all approved archaeological excavations in the
province because many of the reports and publications were
difficult to locate as they were published in a wide variety
of venues including local non-indexed, non-digitized books
and reports. Mosaico registers the information of more than
14 000 archaeological sites in this region (June 2017) including
locality, responsible researcher and publications including
reports. Mosaico is publicly available on the internet (https://
juntadeandalucia.es/organismos/turismoculturaydeporte/areas/
cultura/bienes-culturales/recursos-difusion-patrimonio/paginas/
mosaico.html). This database is available only in Spanish. There
are 4342 archaeological sites recorded in Mosaico dating from
the Middle-Upper Palaeolithic to the Bronze Age (Fig. 1). Only
a small percentage of these include zooarchaeological analyses.
We analyse faunal data from all Andalusian archaeological sites
in Mosaico for the period from the late Mousterian to late
Bronze age which include zooarchaeological surveys (Table 1).
We compiled location and reference data for each archae-
ological site and information about the province, town, name of
the site and its geographical coordinates in addition to the
faunal information. Most of the archaeological sites are dated
according to the culture identified; only a few have been 'C
dated. All these data were located using ArcGIS 9.3.1. A single
site may be divided into multiple registers, which correspond to
different time periods. The registers are grouped into the four
prehistoric periods studied on the lberian Peninsula: the
Middle-Upper Palaeolithic (45-13.7 ka 8p), the Neolithic
(8-5.5 ka 8p), the Chalcolithic (5.5-4 ka sp) and the Bronze
Age (4-3.2 ka sp). The unit of analysis is the register.

Taxonomy and morphology

Taxonomic identification was generally taken from the report or
publication for all wild and domestic ungulates, and recognized
taxonomic names are used here (Wilson and Reeder, 2005). It
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Figure 1. Map of Andalucia showing the location of all Middle-Upper Palaeolithic to Bronze Age archaeological sites identified. Sites
marked with a square do not have zooarchaeological data, while those marked with circles do. Sites marked with a white circle do not
contain equids, while those marked with a red circle do. Sites with zooarchaeological data are labelled with numbers that correspond to
those in Table 1. [Color figure can be viewed at wileyonlinelibrary.com]
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Table 1.

Andalusian archaeological sites dated to between the Palaeolithic and the Bronze Age with published archaeozoological studies. Site no.
refer to labels in the maps in Figs 1-5.

Site no. Archaeological Site Locality Province Culture Referencel(s)
1 Acinipo Ronda Malaga Bronze Age Riquelme, 1994; Riquelme & Aguayo, 2000
2 Alcazaba Loja Granada Bronze Age Pachén et al., 2013
3 Castellén Alto Galera Granada Bronze Age Milz, 1986
4 Cerro de la Encina Monachil Granada Bronze Age Friesch, 1987
5 Cerro de los Castellones Laborcillas Granada Bronze Age Driesch & Kokabi, 1977
6 Cuesta del Negro Purullena Granada Bronze Age Lauk, 1976
7 Fuente Alamo Cuevas del Almerfa Bronze Age Manhart et al., 2000
Almanzora
8 Gatas Turre Almeria Bronze Age, Chalcolithic Montén, 1999
9 General Freire 12 Carmona Sevilla Bronze Age Belén et al., 2000
10 Loma de la Balunca Castilléjar Granada Bronze Age Milz, 1986
11 Penalosa Turre Almeria Bronze Age Sanz & Morales, 2000
12 Plaza de Santiago 6-7 Carmona Sevilla Bronze Age Belén et al., 2000
13 Terrera del Reloj Dehesas de Guadix ~ Granada Bronze Age Milz, 1986
14 Torreparedones Baena Cérdoba Bronze Age Hamilton, 1999
15 El Estanquillo San Fernando Cadiz Bronze Age Bernaldez-Sanchez, 2009
16 Las Eras Ubeda Jaén Bronze Age, Chalcolithic Riquelme, 2009
17 Cerro de la Virgen Orce Granada  Bronze Age, Chalcolithic Driesch, 1972
18 Cerro de San Juan Coria del Rio Sevilla Bronze Age, Chalcolithic Garcia-Vinas et al., 2018
19 Cueva de la Dehesilla Algar Cadiz Bronze Age, Chalcolithic, Boessneck & Driesch, 1980a; Morales &
Neolithic Riguelme, 2004; Garcia-Rivero et al., 2019
20 Calle Alcazaba Lebrija Sevilla Bronze Age, Chalcolithic, Bernaldez-Sanchez & Bernaldez-
Neolithic Sanchez, 2000
21 Almizaraque Cuevas del Almeria Chalcolithic Delibes de Castro et al., 1996
Almanzora
22 Amarguillo 1l Los Molares Sevilla Chalcolithic Cabrero et al., 2006
23 Barrio metaltrgico Valencina de la Sevilla Chalcolithic Abril et al., 2010
Concepcién
24 Cabezo Juré Alosno Huelva Chalcolithic Nocete et al., 1999; Riquelme, 2004
25 Calle Mariana Pineda Valencina de la Sevilla Chalcolithic Pajuelo & Lépez, 2013
Concepcion
26 Cerro de Capellania Vélez-Malaga Malaga Chalcolithic Bernaldez-Sanchez, 2009
27 Cerro de la Coronilla | Cazalilla Jaén Chalcolithic Nocete, 1994
and Il
28 Cerro de la Horca Il Guadalcazar Cordoba Chalcolithic Nocete, 1994
and Il
29 Cerro de la Virtud Cuevas del Almeria Chalcolithic Dominguez-Rodrigo, 2001
Almanzora
30 Cerro de la Cabeza Valencina de la Sevilla Chalcolithic Hain, 1982
Concepcién
31 Ciudad de la Justicia Jaén Jaén Chalcolithic Riquelme, 2010
32 Cortijo de la Torre Hornos de Segura Jaén Chalcolithic Nocete, 1994
33 Cueva Antoniana Gilena Sevilla Chalcolithic Bernaldez-Sanchez, 2009
34 Cueva del Toro Antequera Malaga Chalcolithic Watson et al., 2004
35 Cueva Higueral de Arcos de la Frontera Cadiz Chalcolithic, Neolithic Céceres, 1997
Valleja
36 Dolmen Valdelinares Zufre Huelva Chalcolithic Romero, 2001a
37 El Barranquete El Barranquete Almerfa Chalcolithic Almagro, 1973; Driesch, 1973
38 El Silillo Antequera Malaga Chalcolithic Fernandez et al., 2014
39 Parcela Municipal Valencina de la Sevilla Chalcolithic Bernaldez-Sanchez et al., 2012
Concepcién
40 Gilena 86 Gilena Sevilla Chalcolithic Bernaldez-Sanchez, 2009
41 Gilena 89 Gilena Sevilla Chalcolithic Bernaldez-Sanchez, 2009
42 Iglesia antigua Alcolea Cérdoba Chalcolithic Martinez, 2013
43 Junta de los Rios Puebla de Guzman Huelva Chalcolithic Abril et al., 2007; Nocete et al., 2009
44 La Gallega Valencina de la Sevilla Chalcolithic Bernaldez-Sanchez et al., 2013
Concepcién
45 Llanete de los moros Montoro Cordoba Chalcolithic Liesau, 2000
46 Los Millares Santa Fé de Almeria Chalcolithic Navas et al., 2005
Monddjar
47 Los Paramos Aznalcollar Sevilla Chalcolithic Bernaldez-Sanchez & Garcia-Vinas, 2010
48 Los Pozos Lahiguera Jaén Chalcolithic Nocete, 1994
49 Parque Miraflores Sevilla Sevilla Chalcolithic Lara et al., 2004
50 Puerto Palmera La Puebla de los Sevilla Chalcolithic Romero, 2001b
Infantes
51 Terrera Ventura Almeria Almeria Chalcolithic Driesch & Morales, 1977
52 Veruga alta Palma del Rio Cérdoba Chalcolithic Martinez, 2013
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Table 1. (Continued)
Site no. Archaeological Site Locality Province Culture Reference(s)
53 G. Trivifo Jaén Jaén Chalcolithic Riquelme et al., 2012
54 Tramo 3 Jaén Jaén Chalcolithic Riquelme et al., 2012
55 Subestacion Jaén Jaén Chalcolithic Riquelme et al., 2012
56 P. Estacion Jaén Jaén Chalcolithic Riquelme et al., 2012
57 Ronda Paz Jaén Jaén Chalcolithic Riquelme et al., 2012
58 Los Castillejos Montefrio Granada Chalcolithic, Neolithic Ziegler, 1990; Riquelme, 1998; Morales &
Riquelme, 2004
59 Santiago Chica 76-80 Cazalla de la Sierra Sevilla Chalcolithic, Neolithic Morales & Riquelme, 2004; Bernaldez-
Sanchez, 2009
60 Cueva Parralejo San José del Valle Cadiz Chalcolithic, Neolithic Morales & Riquelme, 2004
61 Corte Inglés Jaén Jaén Chalcolithic-Neolithic Riquelme et al., 2012
62 Cerro de Los Lopez Vélez-Rubio Almerfa Neolithic Riquelme, 2003
63 Cueva de El Nacimiento Pontones Jaén Neolithic Alférez et al., 1981; Asquerino, 1984;
Boessneck & Driesch, 1980b
64 Cueva de los marmoles  Priego de Cérdoba  Cérdoba Neolithic Asquerino, 1987
65 Cueva de los Zuheros Cordoba Neolithic Vicent & Mufoz, 1973
Murciélagos
66 Plaza del Palenque Priego de Cérdoba  Cérdoba Neolithic Morgado et al., 2015
67 Castillo de Dona Dofia Mencia Cérdoba Neolithic Martinez & Vera-Rodriguez, 2017
Mencia
68 El Retamar Puerto Real Cadiz Neolithic Caceres, 2002
69 La Carigtiela Pinar Granada Palaeolithic, Neolithic Bouchud, 1969*; Villar, 1998; Morales &
Riquelme, 2004; Samper, 2010
70 La Molaina Pinos Puente Granada Neolithic Morales & Riquelme, 2004
71 Papa Uvas Aljaraque Huelva Neolithic Morales, 1985; Alvarez & Chaves, 1986
72 Polideportivo de Martos Martos Jaén Neolithic Riquelme et al., 2012
73 Valdecuevas Cazorla Jaén Neolithic Sarrién, 1980
74 Cueva Hora Darro Granada Palaeolithic Martin-Penela, 1986
75 Cueva de Ambrosio Vélez-Blanco Almeria Palaeolithic Ripoll, 1986; Yravedra, 2007
76 Cueva Higueral de Jerez de la Frontera Cadiz Palaeolithic Caceres & Anconetani, 2002
Motillas
77 Cueva de El Pirulejo Priego de Cérdoba  Cérdoba Palaeolithic Asquerino & Riquelme, 2006;
Riquelme, 2008
78 Cueva de Gorham Gibraltar Gibraltar Palaeolithic Zeuner & Sutcliffe, 1964; Rodriguez-Vidal
et al., 2010; Riquelme et al., 2011
79 Devil’s Tower Gibraltar Gibraltar Palaeolithic Bate, 1928
80 Cueva de los Ojos Cozvijar Granada Palaeolithic Almohalla & Toro, 1985
81 Cueva de Nerja Nerja Malaga  Bronze Age, Chalcolithic, Morales & Martin, 1995; Riquelme et al.,
Neolithic, Palaeolithic 2005-2006
82 Cueva de Zafarraya Alcaucin Mélaga Palaeolithic Barroso et al., 2003, 2006; Monclova
et al., 2012
83 Sima de Abraham Priego de Cérdoba  Cérdoba Palaeolithic Martinez et al., 2010

can be difficult to differentiate equid species based only on
fragmentary skeletal remains (Morales et al., 1996). Where the
author mentions the presence of unspecified ‘horses’, we list
them as Equus sp. There have been some taxonomic revisions,
perhaps most interestingly the correction by Uerpmann (2005) of
two E. asinus bones published as E. hydruntinus (Driesch, 2000)
for the archaeological site of Cerro de la Virgen (Granada).
Where possible, we took from the literature or measured the
length and width of the equid first phalanges from these sites
(Supporting Information Table S1). Measurements were also
taken from modern (n = 10) and more recent archaeological
sites (n = 14) for reference.

Statistics

Following Bernaldez-Sanchez et al. (2017), remains of adult
equids are in Class |, species whose adult body mass is more
than 200kg, or Class Il, species whose adult body mass is
between 18 and 200 kg. This simplifies statistical assumptions
because Class | and Class Il vertebrate taxa should be
represented in the taphocoenosis unless: (i) they are not present
in the community, (i) the size of their populations is very low or

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

(i) the deposit only contains some species selected by humans
(Bernaldez-Sanchez 2009; 2011). The minimum number of
specimens (NISP) of Class | and Class Il ungulates was
calculated for each register (time period/site). The frequency
of horses was calculated by dividing the NISP of equids by the
NISP of all Class I and Class Il ungulates, per register.

Results
Sites

Of the archaeological sites identified based on the criteria of
area (Andalucia) and time period (Middle-Upper Palaeolithic
to the Bronze Age) in the Mosaico database (n = 4342;
Figs 1-5), many had been analysed for multiple time periods
yielding almost twice as many registers as sites (n = 7553;
Table 2). Of these, less than 2% of the sites (n = 82) or
registers (n. = 97) had documented the associated fauna
(Table 2). Of those that did report the fauna, about half of the
sites (n = 49) and registers (n = 54) recorded at least one
species of Equus. The total number of skeletal remains from
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Figure 2. Map of Andalucia showing the location of all Palaeolithic archaeological sites identified. Sites marked with a square do not have
zooarchaeological data, while those marked with circles do. Sites marked with a white circle do not contain equids, while those marked with a red circle do.
Sites with zooarchaeological data are labelled with numbers that correspond to those in Table 1. [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 3. Map of Andalucia showing the location of all Neolithic archaeological sites identified. Sites marked with a square do not have zooarchaeological
data, while those marked with circles do. Sites marked with a white circle do not contain equids, while those marked with a red circle do. Sites with
zooarchaeological data are labelled with numbers that correspond to those in Table 1. [Color figure can be viewed at wileyonlinelibrary.com]

non-human Class | and Class Il animals in the 54 records is Equid presence and distribution
183 273 bones. The sites are not evenly distributed through
time (Table 2), with the most recent time period, the Bronze
Age, being most heavily represented. There is a gap in the
record, an absence of sites, from around 13.7 to 8 ka sp.

A high percentage of the Palaeolithic registers with fauna
studied have equid bones (90%; Table 3), which declines in
the Holocene (Table 3). The period with the lowest frequency
of equid presence is the Chalcolithic (48%; Table 3). The
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Figure 4. Map of Andalucia showing the location of all Chalcolithic archaeological sites identified. Sites marked with a square do not have
zooarchaeological data, while those marked with circles do. Sites marked with a white circle do not contain equids, while those marked with a red circle do.
Sites with zooarchaeological data are labelled with numbers that correspond to those in Table 1. [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 5. Map of Andalucia showing the location of all Bronze Age archaeological sites identified. Sites marked with a square do not have
zooarchaeological data, while those marked with circles do. Sites marked with a white circle do not contain equids, while those marked with a red
circle do. Sites with zooarchaeological data are labelled with numbers that correspond to those in Table 1. [Color figure can be viewed at
wileyonlinelibrary.com]

frequency of equid remains in a site also changes through time, periods (Table 3). In summary, in recent prehistory, there are
with 8.2% of the Class | and Class Il ungulate bones relatively fewer deposits with any horse bones at all, and in
corresponding to equines in the Palaeolithic, but only 1% deposits where they are present, they are less frequent than in
(Neolithic and Chalcolithic) to 3% (Bronze Age) in later the oldest Palaeolithic deposits.
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Table 2. Overview of archaeological registers (time period/site) in Andalucia registered in Mosaico (Sistema de Informacién para la Gestion del
Patrimonio Cultural en Andalucia) per time period with how many records have had the zooarchaeological material identified, and of those how
many contain any identified equid remain(s). The minimum number of individuals (NISP) of all Class I and Il ungulates other than Equus and just
equids is shown.

Palaeolithic Neolithic Chalcolithic Bronze Age Total
Archaeological registers 603 1037 2643 3270 7553
Faunal registers 10 18 48 21 97
Equus registers 9 11 23 11 54
NISP Classes | and Il 9527 10 289 85 561 77 896 183 273
NISP Equus 784 133 689 2359 3965

Table 3. Overview of archaeological registers (time period/site) registered in Mosaico. The total number of registers per time period considered
here, how many of those have the zoological material characterized (Faunal registers), the percentage of registers that have had the fauna analysed
(% Faunal registers), how many of the faunal registers record any equid (Equus registers) and the percentage of records with fauna studied that have
equids (% Equus registers). The total minimum number (NISP) of Class | and Il ungulates identified in all registers per time period (NISP Classes | and
1), the minimum number of equids per time period (NISP Equus), and the percentage of Class | and Class Il ungulate remains that are equids (% NISP

Equus).

Palaeolithic Neolithic Chalcolithic Bronze Age Total
Archaeological registers 603 1037 2643 3270 7553
Faunal registers 10 18 48 21 97
% Faunal registers 1.7 1.7 1.8 0.6 1.3
Equus registers 9 11 23 11 54
% Equus registers 90 61 48 52 56
NISP Classes | and Il 9527 10 289 85 561 77 896 183 273
NISP Equus 784 133 689 2359 3965
% NISP Equus 8.2 1.3 0.8 3.0 2.2

Table 4. Equid remains from the different time periods in Andalucia. The number and percentage of equid remains per species per time period, and
the percentage of the Class | and Class Il identified ungulate remains in Andalucia identified as Equus per time period and in total.

Palaeolithic Neolithic Chalcolithic Bronze Age Total
E. ferus 720 (92%) 0 36 (5%) 0 756
Equus sp. 15 (2%) 110 (83%) 567 (83%) 12 (0.5%) 704
E. caballus 0 20 (15%) 82 (10%) 2347 (99%) 2449
E. hydruntinus 49 (6%) 0 1(0.3%) 0 50
E. asinus 0 3 (2%) 3 (0.6%) 0 6
Total Equus 784 133 689 2359 3965
Total Classes I, Il 9527 10 289 85 561 77 896 183 273
% Equus 8.2 1.3 0.8 3.0 2.2

Equid species through time

Overall in our sample of 183 273 identified Class | and Il non-
human bones, 3965 were identified as equids. Of those, 2449
domestic horse bones were identified, 756 wild horse remains,
50 wild ass, six domestic donkey and 704 equid remains
without a specific determination (Table 4). The Palaeolithic
sites are composed of wild species (E. ferus and E. hydrunti-
nus), and the Neolithic to Bronze Age record contains
domestic species. The wild horse, E. ferus, is represented by
19% of the equine bones (Table 4), the majority of which
(92%) were found at Cueva Horad (Granada, SE Andalucia;
Martin-Penela, 1986) and Cueva de Ambrosio (Almeria, SE
Andalucia; Ripoll, 1986; Jorda et al., 2012; Yravedra, 2007),
sites from the Mousterian-Middle Palaeolithic. The remaining
bones are distributed among the five Palaeolithic deposits and
a single Chalcolithic deposit, at Los Millares, Almeria (Table 5).

It is interesting to note that in the Palaeolithic deposit Cueva
de la Carihuela (Pinar, Granada), Lumley (1969) mentioned an
abundance of horse remains, although the results of Bouchud

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

(1969) were different, possibly due to his dependence on
photographs instead of the actual remains for that study.
Samper (2010) studied the equids of the same archaeological
site (NISP = 1118 isolated tooth fragments), and could assign
197 to E. ferus and 55 to E. hydruntinus. The rest of the bones
are designated as Equus sp. due to the high degree of
fragmentation. More recently Strani and DeMiguel (2023)
studied a subset of these teeth (72 E. ferus and 13 E
hydruntinus) to look at diet based on microwear and found
that they had included some browsing in their diet not too long
before death, suggesting some level of flexibility in their diet.
All the Palaeolithic archaeological sites with equids are in the
drier eastern part of Andalusia (Fig. 2). The Neolithic and
Chalcolithic have a large number of bones that have not been
identified to species (Tables 6 and 7), apparently due to
uncertainty regarding domestication status. By the Bronze Age
almost all bones are identified to species as the domestic horse

(Table 7).
The two asses, E. asinus and E. hydruntinus, are much rarer

than the caballine species (Table 4). The wild European ass is
identified primarily in the Paleolithic record. In addition to the
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Table 5.

Palaeolithic registers from Andalucia. Number of Equids identified in each level of each Palaeolithic site in Andalucia included in this

study, as well as the total number of identified Class | and Il ungulates and the percentage of ungulates identified that are equids. FE, Equus ferus; CA,
E. caballus, HY, E. hydrantinus, AS, E. asnus, SP, Equus sp.

Classes |
Province Archaeological site Culture-date FE CA HY AS SP and Il % Equids Reference(s)
Almeria Cueva de Ambrosio 26 000-19 000 a sp 16 0 0O 0 O 99 16.16 Ripoll, 1986; Jorda et al., 2012
Middle Solutrens 147 0 0 0 O 1871 7.86 Yravedra, 2007
Upper Solutrens 220 0 0 0 O 1229 17.90
Coérdoba  Sima de Abraham 40 000-20 000 a sp 0 0 0o 0 2 67 2.99 Martinez et al., 2010
Granada Cueva Hora 100 000-30 000as 309 0O 43 0O O 439 80.18 Martin-Penela, 1986
Granada Cariguela 90 000-13 000 a BpP 2 0 0O 0 O 8 25.00 Bouchud, 1969* ; Villar, 1998
Granada Cueva de los Ojos Solutrens o * 0 0 O 0 - Almohalla & Toro, 1985*
Malaga Boquete de 42 000-34 000 a sp 7 0 6 0 3 3116 0.51 Barroso et al., 2003; 2006; Monclova
Zafarraya etal., 2012
Malaga Cueva de Nerja 20 000-17 500a8> O 0 O 0 3 1094 0.27 Rigquelme et al., 2005-2006
Gibraltar Devil’s Tower Mousteriens 3 0O O 0 O 40 7.50 Bate, 1928"
Gibraltar Cueva de Gorham 26 070-24 010as» 4 0 0 0 O 331 1.21 Rodriguez-Vidal et al., 2010
Mousteriens 12 0 0O 0 O 769 1.56 Zeuner & Sutcliffe, 1964
18 600-10 800 a sp o o0 o0 0 7 464 1.51 Finlayson et al., 2008; Rodriguez-Vidal
et al., 2010; Riquelme et al., 2011
Total 913 0 104 0 15 10,637 9.70

*These data are not complete; the analyses were carried out based on photos. Lumley (1969 _ remarked on the abundance of horses.
TThese data are not complete.

Table 6.

Neolithic registers from Andalucia. Number of equids identified in each level of each Neolithic site in Andalucia included in this study, as

well as the total number of identified Class | and 1l ungulates and the percentage of ungulates identified that are equids. FE, Equus ferus; CA, E.
caballus; HY, E. hydrantinus; AS, E. asnus; SP, Equus sp.

Classes |
Province  Archaeological site Culture date FE CA HY AS SP &l % Equids Referencel(s)
Almeria  Cerro de Los Lépez Late Neolithic 0o 0 0 o0 1 262 0.4 Riquelme, 2003
Cadiz Cueva Parralejo Early Neolithic 0o 0 0 o0 1 358 0.3 Morales & Riquelme, 2004
Cadiz Cueva de la Dehesilla Late Neolithic 0 0 0 o0 1 219 0.5 Morales & Riquelme, 2004
Cédiz Cueva Higueral de Neolithic 0 19 0 3 0 283 7.8 Céceres, 1997
Valleja
Cadiz El Retamar 5784-5773 BCE 0 O 0 0 18 279 6.5 Caceres, 2002; Ramos
5992-5780 BCE et al., 2005
5756-5754 BCE
Granada La Carigliela Early Neolithic 0 0 0 o0 4 76 53 Morales & Riquelme, 2004
Middle Neolithic 0 o0 0 O 1 156 0.6
Late Neolithic o o0 0 o0 1 105 1.0
Granada La Molaina Middle Neolithic 0O 0 0 O 1 803 0.1 Morales & Riquelme, 2004;
Carrasco et al., 2011
Granada Los Castillejos 5250-4900 BcE o 0o o0 o 3 1126 0.3 Morales & Riquelme, 2004,
4900 BCE 0 O 0 0 1 1103 0.1 Camara et al., 2005
3100 scE 0o o0 o0 0 30 1184 2.5 Ziegler, 1990
0O 0O 0O 0 16 1402 1.1 Morales & Riquelme, 2004;
Céamara et al., 2005
0o 0 0 0 5 412 1.2 Uerpmann, 1990
Huelva Papa Uvas Late Neolithic—-Chalcolithic 0 0 0O 0 4 401 1.0 Morales, 1985; Alvarez &
4350 BCE Chaves, 1986; Mederos, 1996
3033 BCE 0o 1 0 0 0 605 0.2
3640 BCE
Jaén Polideportivo de Late Neolithic—Chalcolithic 0 0 0 0 14 1187 1.2 Riquelme et al., 2012; Afonso
Martos 3514-2911 BCE et al.,, 2014
3367-3108 BcE
3376-2878 BCE
Sevilla Santiago Chica 6650 BCE 0O 0 0 O 6 277 2.2 Mederos, 1996; Bernaldez-
6040 BCE Sanchez, 2009
5070 BcE
5290 BcE 0 o0 0 O 3 51 5.9
4350 BcE
Total 0 20 0 3 110 10289 1.3

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.
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Table 7. Chalcolithic registers from Andalucia. Number of equids identified in each level of each Chalcolithic site in Andalucia included in this
study, as well as the total number of identified Class | and Il ungulates and the percentage of ungulates identified that are equids. FE, Equus ferus; CA,

E. caballus, HY, E. hydrantinus, AS, E. asnus, SP, Equus sp.

Classes |
Province  Archaeological site Culture-date FE CA HY AS SP &l % Equids Reference(s)
Almeria Terrera Ventura 4700-4400 a 8P 0O 4 0 O 0 2710 0.15 Driesch and Morales, 1977; Crees
and Turvey, 2014
Almerfa Almizaraque Chalcolithic 0 42 0 0 O 7109 0.59 Delibes de Castro et al., 1994
Almeria Los Millares 3095-2920 BcE 36 0 0O O 0 10 499 0.34 Navas et al., 2005
2890-2665 BCE
2590-2495 BCE
2900-2680 BcE
Cédiz Cueva Higueral de Chalcolithic 0 21 0 3 O 304 7.89 Céceres, 1997
Valleja
Granada Los Castillejos 2550 BCE 0O 0O 0 0 36 1119 3.22 Riquelme, 1998; Camara et al., 2005
Chalcolithic 0O 0 0O O 2 381 0.52
2000 BcE 0O 0 0o O 4 916 0.44
Granada  Cerro de la Virgen Chalcolithic 0O 14 0 O 0 5205 0.27 Driesch, 1972; Driesch 2000
Huelva Cabezo Juré 4220 + 120 asp 0O O 0O 0 58 4159 1.39 Nocete et al, 1999; Riquelme, 2004
4059 + 120 asr
3980 + 100 a sp 0O 0 1 0 19 2592 0.77 Nocete et al., 1999
3880 + 100 a sp
3870 + 100 a sp
3850 + 100 a sp
3830 + 100 a sp
3568 + 51 asp
Huelva Junta de los Rios 2528 BCE 0O 0O O 0 8 938 0.85 Abril et al., 2007; Nocete, 2008;
2525 BCE
2777 BCE Nocete et al., 2009
2707 BCE
2533 BCE
Jaén Ciudad de la Justicia Chalcolithic 0 0 0O O 9 831 1.08 Riquelme, 2010
Jaén G. Trivifio Chalcolithic 0 0 0O 0 3 904 0.33 Riquelme et al., 2012
Jaén Tramo 3 Chalcolithic 0 0 0o 0 11 2562 0.43 Riquelme et al., 2012
Jaén Subestacion Chalcolithic 0 0 0O 0 1 131 0.76 Riquelme et al., 2012
Jaén Corte Inglés Chalcolithic o o o0 o 1 157 0.64 Riquelme et al., 2012
Jaén Los Pozos Chalcolithic 0 1 0 0 0 178 0.56 Nocete, 1994
Jaén Las Eras 3353 + 103 BCE 0 0 0 0 88 2538 3.47 Riquelme, 2009
Chalcolithic 0O 0 0O 0 61 1235 4.94
Chalcolithic 0 0 0 0 29 1098 2.64
Malaga Cueva del Toro 4120 + 120calasr 0 O O 0 1 1 Watson et al., 2004
Malaga El Silillo 3965 + 40 asp o o o0 o 1 80 1.25 Fernandez et al., 2014
3980 + 40 asp
3775 + 40 asp
Sevilla Amarguillo 1l 4070 + 60 a Br 0O O 0o 0 22 837 2.63 Cabrero et al., 2006
4030 + 64 asp
Sevilla Cerro de la Cabeza 3530-2700 BCE 0O 0O 0 0 175 37355 0.47 Hain, 1982, Mederos, 1996
2880-1910 BcE
Sevilla La Gallega 2480-2285 BCE 0 0 0 0 34 1424 2.39 Bernaldez-Sanchez et al., 2013;
Garcia Sanjuan et al., 2018
Sevilla Parcela Municipal 3090-2465 BCE 0O 0 0 O 2 288 0.69 Bernaldez-Sanchez et al., 2012;
2565-2195 BcE Garcfa Sanjuan et al., 2018
Sevilla Cueva Antoniana 4765-4834calase 0O O O O 1 4 25.00 Mederos, 1996; Bernaldez-
Sanchez, 2009
Sevilla Gilena 89 Chalcolithic 0O 0 0 O 1 6 16.67 Bernaldez-Sanchez, 2009
Total 36 82 1 3 567 85 561 0.81

registers in our dataset, E. hydruntinus has been identified in the
Palaeolithic deposit of the Cueva de la Carihuela (NISP = 55;
Samper, 2010), but this site is not included in our analyses
because the rest of the faunal data are not available. Two
E. hydruntinus bones have been identified that are not from the
Palaeolithic: one from the Chalcolithic site of Cabezo Juré in
Huelva (Western Zone; Riquelme, 2004) and one in Terrera
Ventura in Almeria (Eastern Zone; Crees and Turvey, 2014;
Driesch, 1972). The layer from Terrera Ventura has since been re-
dated and shown to be Medieval, not Chalcolithic (Driesch,
2000). The bone identified as E. hydruntinus from Cabezo Juré is
a phalange, and so we compared its measurements to known

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

donkeys, mules and horses from archaeological sites, as well as
modern horses (Fig. 6; Table S1), and found that its width/length
ratio clusters it outside of the donkeys and within the mules. This
suggests a much more recent mule, not a European wild ass, and
could explain why it was difficult to identify. This brings the most
recent confidently identified E. hydruntinus remains to the
Palaeolithic.

The donkey is rare but reported in the Neolithic and
Chalcolithic. Although the highest frequency is reported in the
Neolithic, then declining in the Chalcolithic and Bronze Ages
(Fisher’s exact test, P < 0.05, considering two Chalcolithic
E. hydruntinus as E. asinus), there is low taxonomic certainty
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Table 8. Bronze Age registers from Andalucia. Number of Equids identified in each level of each Bronze Age site in Andalucia included in this
study, as well as the total number of identified Class | and Il ungulates and the percent of ungulates identified that are equids. FE, Equus ferus; CA, E.

caballus, HY, E. hydrantinus, AS, E. asnus, SP, Equus sp.

Province Archaeological site Culture-datation FE  CA HY AS SP  Classes | & Il % Equids Reference
Almeria Gatas 2,250-1,950 0 3 0 0 0 198 1.52 Montén, 1999
BCE1,950-1,700
BCE1,700-
1,500 BCE
Almeria Fuente Alamo 2,200-1,950 BCE 0 10 0 0 0 5368 0.19 Manhart et al., 2000
1,950-1,550 BCE 0 51 0 0 0 13,936 0.37
2,200-1,550 BCE 0 38 0 0 0 7402 0.51
1,550-1,350 BCE 0 50 0 0 0 3220 1.55
Almeria Penalosa 1,750 BCE 0 228 0 0 0 1190 19.16 Sanz and
Morales, 2000
Cérdoba Torreparedones EarlyBronze Age 0 0 0 0 1 25 4.00 Hamilton, 1999
Late Bronze Age 0 0 0 0 2 18 11.11
Granada Loma de la Balunca Bronze Age 0 4 0 0 0 547 0.73 Milz, 1986
Granada Terrera del Reloj Bronze Age 0 7 0 0 0 3127 0.22 Milz, 1986
Granada Castellén Alto Bronze Age 0 75 0 0 0 3331 2.25 Milz, 1986
Granada Cerro de la Virgen 2,000-1,600 BCE 0 1061 0 0 0 21,217 5.00 Driesch, 1972
1,600-1,200 BCE 0 519 0 0 0 5851 8.87
Granada Cerro de la Encina EarlyBronze Age 0 10 0 0 0 808 1.24 Friesch, 1987
MiddleBronze Age 0 145 0 0 0 3125 4.64
Late Bronze Age 0 73 0 0 0 175 41.71
Late Bronze Age 0 71 0 0 0 1565 4.54
Jaén Las Eras 1,831+48 BCE 0 0 0 0 9 1185 0.76 Riquelme, 2009
Mélaga Acinipo Late Bronze Age 0 2 0 0 0 5608 0.04 Riquelme, 1994
0 2347 0 0 12 77,896 3.03

associated with the Neolithic specimens. Regardless, the
number of records is very low, so it is probably best to simply
consider them present at a very low frequency.

Discussion

Different species of equids are found in the archaeological
record of lberia through the last 45 000 years, both in cave
art representations and in the zooarchaeological register
(Bernaldez-Sanchez and Garcia-Vifias, 2019): Equus ferus,
the wild horse which was later replaced by the domestic
horse Equus caballus; the domestic donkey Equus asinus;
and the extinct European wild ass Equus hydruntinus.
Although the larger horses (E. ferus and E. caballus) can
generally be morphologically distinguished from the smaller
asses (E. hydruntinus and E. asinus), given intraspecific
variation and the possibility of hybrids (mules), identification
can be difficult (Granado et al., 2020). The most difficult pair
to distinguish are the wild horse (E. ferus) and its domestic
descendant (E. caballus), a distinction further complicated by
their presumed ability to hybridize (Der Sarkissian et al., 2015)
and a change in their morphology through time (Fig. 6).

On the Iberian Peninsula, the first clearly accepted
domesticated horses are found within the Bronze Age
(Liesau, 2005; Martin et al., 2016). This is well after domestic
horses have been documented in other parts of Eurasia
(Olsen, 2000; Outram et al., 2009; Gaunitz et al., 2018).
The high level of maternally inherited genetic diversity
documented in modern horses (Vila et al., 2001; Cieslak
et al., 2010) suggests that horses, or at least mares, from many
geographical localities may have participated in the domes-
tication process, either through independent domestication or
through the crossing of local, wild mares with domestic
(imported) stallions. There is some evidence that at least some
Iberian mares were included (Lira et al., 2010; Leonardi
et al., 2018). These two alternatives, both compatible with the

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

genetic data, mirror the wider debate between indigenist and
exogenous views of lberian prehistory, the importance of
mobility vs. alterity (Lillios 2020).

In the Chalcolithic when there certainly were domestic
horses in Eurasia, but it is not clear if they were in the Iberian
Peninsula or not, remains are rarely identified to species
(Table 4). This could reflect their in-between status. They could
have been lightly controlled by humans in order to support the
population primarily for hunting — as may have taken place in
the early part of the domestication period in other locations
(Librado et al., 2021). Alternatively, it may reflect a mix of
domesticated and wild individuals. It could also simply reflect
a reluctance to make a determination when the morphology is
so similar. Other types of data could help disentangle these
alternative hypotheses, similar to how protein analyses of
residues on pottery in Kazakhstan demonstrated the domes-
ticated status of those horses (Outram et al. 2012). Since wild
Iberian horses were genetically distinct from other Eurasian
horses (Cieslak et al., 2010), the identification of Eurasian
variants would demonstrate that the presence of domestic
animals (although the absence of Eurasian variants would not
prove that they were wild, because if there had been local
domestication, those animals would have had local genetic
lineage). The change from wild to domestic status could also
be reflected in the diet of the individuals, which could be
evaluated with stable isotopes (BurnikSturm et al., 2017),
microwear patterns (Strani and DeMiguel 2023), or in kill-off
patterns determined through analysis of the sex and age
structure of large deposits (Martin et al., 2016).

Domestic horses are a cultural artefact, but the keeping of
horses may have been impacted by environmental change as
well as cultural change. The data presented here show that
the frequency of horses was associated with climatic
conditions, such that there were more horses east of the
Guadalquivir River in Andalucia during the Bronze Age,
associated with a drier climate more favourable to grasslands
(Lillios et al., 2016; Bini et al., 2019). This parallels the larger
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& Equusferus, Los Millares, Copper Age

m Equus caballus, C/Alcazaba, Iron Age

m Fquus caballus, Cabezo Redondo, Bronze Age
W Equus caballus, Cerro de la Encina, Bronze Age
= Equussp., Corta de la Cartuja, Modern Age

= Equus asinus Cerro de la Virgen Iron Age

m Equus asinus, Toscanos, Iron Age

» Equus asinus, P. Encarnacion, Middle Age

2 Equus sp. C/Alcazaba Iron Age

W Equusasinus x caballus, Olézoga, Middle Age

8 Equus caballus, Dofiana, Current

+ Equus caballus, Cerro de la Virgen, Bronze Age
A Equus caballus, Castellon Alto, Bronze Age

= Equus caballus, Cerro del Real, Iron Age

® Equus hydruntinus, Terrera Ventura, Copper Age
2 Fquus asinus, Cerro de la Virgen, Middle Age

+ Equus asinus, C/ San Luis, Middle Age

A Equusasinus, Olézoga, Middle Age

+ Equus asinus, C/Cilla, Iron Age

Equussp., Castro do Zambujal, Bronze Age

Figure 6. Morphological measurements of equid first phalanges, with length (GL in mm) on the y-axis and width (SD in mm) on the x-axis. Domestic
donkeys are in the bottom left, ancient horses are shifted to the right from mules in the centre of the graph, and modern horses are the largest
individuals in the top right of the graph. [Color figure can be viewed at wileyonlinelibrary.com]

European pattern (Sommer et al., 2011; Leonardi et al., 2018).
Human activity can also cause changes in the environment,
such as through deforestation, which may also increase the
extent of grasslands and facilitate the maintenance of equids.
There is evidence of patchy anthropogenic deforestation in
the Iberian peninsula during the Holocene (Garcia-Ruiz
et al. 2016). In this specific case, the observed increase in the
frequency of equid records in the Bronze Age corresponds in
time with a change to a strongly arid period (Bond event 3;
Bond et al., 2001; L6épez-Séez et al., 2018). Although these

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

horses were clearly domestic and keeping domestic horses is
a cultural activity, the number of horses was still strongly
influenced by the climate (Blanco-Gonzalez et al., 2018).
The wild European ass was present across southern Europe
and into western Asia in the late Pleistocene (E. hydruntinus;
Orlando et al., 2006), but this was not the ancestor of the
currently present domestic donkey (Beja-Pereira et al., 2004;
Vila et al., 2006). Although this species was quite geographi-
cally widespread, in any given site it is generally rare (e.g.
Table 5). The low frequency of these remains complicates
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the accurate identification of their fine-scale distribution,
and eventual extinction. The timing of the extinction of the
European wild ass on the Iberian peninsula is debated, and
some Chalcolithic osteological remains have been assigned to
this species (Table 7), although habitat reconstructions suggest
an earlier extinction (Crees and Turvey, 2014). The morpho-
logical data presented here also support the earlier extinction
of this lineage (Fig. 6).

Just as the European wild ass is much less frequent in the
early zooarchaeological record than the wild horse, the
domestic donkey is also much less frequent than the domestic
horse in more recent registers (e.g. Table 7). Just as rarity
complicates identification of the time of extinction of the
European wild ass, it also complicates identification of the time
of arrival of this domestic species to the region. Although
the ambiguous morphology may obscure identification in
some cases, since the domestic donkey is not the descendant
of the local wild ass, they can be clearly differentiated
genetically (Cardoso et al., 2013). The earliest domestic
donkey on the Iberian peninsula, from about 4 ka sp, was
identified based on genetic analyses (Cardoso et al., 2013). It
seems probable that the domestic donkey did not coexist with
the European wild ass in Iberia.

One of the factors that obscures the morphological
differentiation of horses and donkeys is their ability to
hybridize and form morphologically intermediate mules.
Mules can be confused with horses (Granado et al., 2020),
which were generally smaller in the past than they are today
(Fig. 6). The correct identification of mules is important in
order to better understand the associated human societies.
There are some real advantages to having strong, good
tempered mules as opposed to more fragile horses or more
‘grumpy’ donkeys. However, they are also costly. In order to
have mules it is necessary to maintain populations of both
horse and donkey, since the mules themselves are sterile. In
other parts of Europe, the early presence of mules has been
associated with Romans (Granado et al., 2020), compatible
with the Andalucian record (Fig. 6; Table 7).

Conclusion

This compilation and analysis of data furthers our under-
standing of how and when populations of equids changed
through time in Andalucia, the southern part of the Iberian
Peninsula, and also reveals some gaps in our knowledge. By
putting these data together, a significant geographical bias in
the available data becomes apparent with a lack of information
from the more mountainous regions and the Guadalquivir
basin (Fig. 1), perhaps deriving from the tendency of
archaeozoological studies to be undertaken in areas near to
specialists’ research institutions. These data also highlight the
low frequency of zooarchaeological analyses of archaeologi-
cal sites (Fig. 1). Depending on whether material was saved
from excavations and deposited in public collections, this gap
could be reduced. The lack of sites from around 13.7 to 8 ka
Bp, such as the gap at the Copper to Bronze Age in the low-
elevation regions of the Guadalquivir basin, could represent an
actual shift in the local distribution of people (L6pez-Saez
et al., 2018), or a lack of data. Conclusively confirming a true
negative (that the population actually did decline or move
away from the area) requires much more effort than disproving
an absence. The combination of multiple lines of evidence,
such as focused searching of sites likely to have humans based
on environmental reconstructions and indirect measures of
human presence such as changes in fire regime or pollen as
recorded in regional palynological records, may make this

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

work more efficient. The results of this study paint a clearer
picture of an early (end Paleolithic) extinction of the European
wild ass in the region, and also the earlier (Neolithic) arrival of
domestic donkeys and breeding of mules. Determining the
timing (Chalcolithic or Bronze Age) and origin (local and/or
imported) of the first domestic horses in Andalucia requires
more work, but this study illuminates the path forward through
this analysis of available data and identification of impor-
tant gaps.

Acknowledgements. This project was funded by Proyecto de Excelen-
cia de la Junta de Andalucia ‘Avances e innovaciones en métodos,
técnicas y analisis experimentales aplicados al patrimonio arqueolégico
organico: paleobiologia, genética y arqueometria en medios terrestre y
marino’ (P18-FR-2100). We acknowledge support of the publication fee
by the CSIC Open Access Publication Support Initiative through its Unit
of Information Resources for Research (URICI).

Data availability statement

The data in our paper were derived from many papers, reports
and book chapters which are all listed in the Mosaico database
and Table 1. The derived data (number of equids and other
large ungulates) are provide in the Tables. Morphological data
are available in Supplementary Table S1.

Supporting information

Additional supporting information may be found in the online
version of this article at the publisher’s web-site.

Supplementary Table S1. Measurements of Tst falange of
equids from different species and time periods from Andalucia
illustrated in Figure 6. Length (GL) and width (SD) of phalanges
are in mm.

Abbreviations. ka BP, thousands of years before present; kyrs,
thousands of years; Mosaico, Andalusian Historical Heritage Informa-
tion System (Sistema de Informacién para la Gestion del Patrimonio
Cultural en Andalucia); NISP, minimum number of specimens.

References

Abril, D. (2007) Practicas sociales asociadas al patrén de consumo
alimenticio en el poblado de La Junta de los Rios (Puebla de
Guzmén, Huelva): Cal. 2834 + 80 ANE — 2475 + 40 ANE. Revista
AtlA;ntica-MediterrAinea de Prehistoria y ArqueologAa Social, 9,
055-090.

Abril, D., Nocete, F., Riquelme, J.A., Bayona, M.R. & Inacio, N.
(2010) Zooarqueologia del Il Milenio A.N.E.: El barrio metaldr-
gico de Valencina de la Concepcion (Sevilla). Complutum, 21,
87-100.

Afonso, J.A., Camara, J.A., Spanedda, L., Esquivel, J.A., Lizcano, R.,
Pérez, C. et al. (2014) Nuevas aportaciones para la periodizacion
del yacimiento del Polideportivo de Martos (Jaén): la evaluacion
estadistica de las dataciones obtenidas para contextos rituales.
Archivo de Prehistoria Levantina, XXX, 133-158.

Alférez, F., Molero, G., Bustos, V. & Brea, P. (1981) La Cueva del
Nacimiento (Pontones): un yacimiento neolitico en la Sierra del
Segura. Apéndice Il. La fauna de macromamiferos. Trabajos de
Prehistoria, 38, 139-145.

Almagro, M.J. (1973). El poblado y la necrépolis de El Barranquete.
Acta Arqueolégica Hispanica, 6, Madrid.

Almohalla, M. & Toro, I. (1985) Un nousteru site Paléolithique
supérieur dans le Sud” Espagne: le gissement de la Cueva de los
Ojos. Cozvijar. Granada. Note préliminaire. Bulletin de la Société
préhistorique francaise, 82-4, 116-119.

Alvarez, M.T. & Chaves, P. (1986) Informe faunistico del yacimiento
de Aljaraque (Huelva). Cortes A-7.2 'y A-10.4 del sector A. In: Martin
de la Cruz, ).C., (Ed.) Papa Uvas (Aljaraque, Huelva). Campanas de
1981 a 1983, Excavaciones Arqueoldgicas de Espana 149. Madrid:
Ministerio de Cultura. pp. 219-334.

J. Quaternary Sci., Vol. 39(2) 261-276 (2024)

95UB917 SUOWILLIOD SAITE81D 3|qeal|dde sy Ag peusenob e sopie YO ‘8sN J0 S3|nJ oy Aleud 1 8UljuO AS|IA UO (SUONIPUOD-PUE-SULLIB) 0D AS [ Ae1q 1 ]BU1 |UO//:SANL) SUONIPUOD Pue SWiS 1 8U) 385 *[7202/20/ST] Uo Aeiq1auluo ASJIm ‘(-u)eange ) sqnopesy Aq 08G€'sbI/200T 0T/10p/woo’ As|Im Alelqjeuljuo//:sdny woj papeoiumod ‘Z ‘v20e ‘L TYT660T



ANDALUCIAN EQUIDS THROUGH THE HOLOCENE 273

Asquerino, M.D. (1984) Espacio y territorio en el Neolitico del noreste
de Jaén. Arqueologia espacial, 3, 31-40.

Asquerino, M.D. (1987) Aspectos econémicos del Neolitico cordobés
I. Macromamiferos de la Cueva de los Marmoles. Estudios de
Prehistoria Cordobesa, 2, 29-60.

Asquerino, M.D. & Riquelme, J.A. (2006) Aproximacién al aprove-
chamiento faunistico de mamiferos en el yacimiento de Paleolitico
Superior de “El Pirulejo” (Cérdoba). En la Cuenca mediterranea
durante el Paleolitico Superior. In: Sanchidrian, J.L., Mérquez,
AM. & Fullola, J.M., (Ed.) Reunién de la VIl Comisién de
Paleolitico Superior UISPP. Nerja: Fundacion Cueva de Nerja.
pp. 256-271.

Barroso, C., Riquelme, J.A., Moigne, A.M. & Banes, L. (2003) Las
faunas de grandes mamiferos del pleistoceno superior de la cueva
del Boquete de Zafarraya. Estudio paleontolégico y paleoecolégico.
In: Barroso, C., (Coord.) El Pleistoceno Superior de la cueva del
Boquete de Zafarraya. Sevilla: Junta de Andalucia Consejeria de
Cultura. pp. 169-222.

Barroso, C., Riquelme, J.A., Moigne, A.M. & Banes, L. (2006) Les
faunes de grands mammiféres du Pléistocéne supérieur de la grotte
du Boquete de Zafarraya. Ftude paléontologique, paléoécologique
et archéozoologique. In: Barroso, C. & Lumley, H., (Ed.) La Grotte
du Boquete de Zaf array a: Malaga, Andalousie. Sevilla: Consejerfa
de Cultura. Junta de Andalucia. pp. 675-891.

Bate, D.M.A. (1928) Excavation of the mousteriann rock shelter at’
Devi’’s Tower, Gibraltar. Journal of the Royals Anthropological
Institute, LVIII, 92-1.

Beja-Pereira, A., England, P.R., Ferrand, N., Jordan, S., Bakhiet, A.O.,
Abdalla, M.A. et al. (2004) African origins of the domestic donkey.
Science, 304(5678), 1781.

Belén, M., Anglada, R., Conlin, E., Gémez, T. & Jiménez, A. (2000)
Expresiones funerarias de la prehistoria reciente de Carmona
(Sevilla). Spal. Revista de Prehistoria y Arqueologia, 9, 385-403.

Bendrey, R. (2012) From wild horses to domestic horses: a European
perspective. World Archaeology, 44(1), 135-157.

Bernaldez-Sanchez, E. (2009). Bioestratinomia de macrovertebrados
terrestres de Dofana. Inferencias ecoldgicas en los yacimientos del
S.O. de Andalucia. Oxford: Archaeopress.

Bernaldez-Sanchez, E. & Bernaldez-Sanchez, M. (1998) El criterio
paleobiolégico en las ciudades histéricas. Congreso ciudades
histéricas vivas, Ciudades del pasado. Mérida: Editora Regional de
Extremadura. pp. 395-400.

Bernaldez-Sanchez, E. & Bernaldez-Sanchez, M. (2000) La basura
organica de Lebrija en otros tiempos. Estudio paleobiolégico y
tafonémico del yacimiento arqueolégico de la C/Alcazaba de
Lebrija (Sevilla). Boletin del Instituto Andaluz del Patrimonio
Historico, 32, 134-150.

Bernaldez-Sanchez, E., Bernaldez-Sanchez, M. & Garcia-Vinas, E.
(2013) “Campos de”hoyo””, campos de compost? Estudio tafoné-
mico y paleobiolégico del sector de La Gallega del yacimiento de
Valencina de la Concepcién (Sevilla). In: Garcia, L., Vargas, J.M.,
Hurtado, V., Ruiz, T. & Cruz-Auinén, R., (Ed.) El asentamiento
prehistérico de Valencina de la Concepcion (Sevilla): Investigacion
y tutela en el 150 aniversario del descubrimiento de La Pastora.
Sevilla: Universidad de Sevilla. pp. 421-444.

Bernaldez-Sanchez, E., Gamero, M., Ocana, A. & Garcia-Vinas, E.
(2012). Investigacion Paleobioldgica del yacimiento calcol”ti-
co””Entorno de La Pastora” (Valencina de la Concepcién). Research
report. Instituto Andaluz del Patrimonio Histérico.

Bernéldez-Sanchez, E. & Garcia-Vinas, E. (2010) Actividad cinegética en el
yacimiento calcolitico de Los Paramos en Aznalcéllar (Sevilla, Espaiia):
Interpretacion tafonémica de un paleobasurero. Espacio, Tiempo y
Forma. (serie 1, nueva época). Prehistoria y Arqueologia, 3, 59-72.

Bernaldez-Sanchez, E. & Garcia-Vifas, E. (2019) The equids represented
in cave art and current horses: a proposal to determine morphological
differences and similarities. Anthropozoologica, 54(1), 1-12. Avail-
able at: https://doi.org/10.5252/anthropozoologica2019v54atl

Bernaldez-Sanchez, E., Garcia-Vifias, E., Sanchez-Donoso, 1. &
Leonard, J.A. (2017) Bone loss from carcasses in Mediterranean
ecosystems. Palaios, 32, 288-294.

Bignon, O. & Eisenmann, V. (2006) Western European Late Glacial
horse diversity and its ecological implications. In: Mashkour, M., (Ed.)
Equids in Time and Space. Oxford: Oxbow Books. pp. 161-171.

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

Bini, M., Zanchetta, G., Persoiu, A., Cartier, R., Catala, A., Cacho, I.
et al. (2019) The 4.2 ka sp Event in the Mediterranean region: an
overview. Climate of the Past, 15(2), 555-577.

Blanco-Gonzalez, A., Lillios, K.T., Lopez-Séez, J.A. & Drake, B.L.
(2018) Cultural, demographic and environmental dynamics of the
Copper and Early Bronze Age in Iberia (3300-1500 BC): towards an
interregional multiproxy comparison at the time of the 4.2 ky sp
event. Journal of World Prehistory, 31(1), 1-79.

Boessneck, ). & Driesch, A. (1980a) Tierknochenfunde aus vier
Sudspanischen h€ohlen. Studien (ber friihe Tierknochenfunde
von der Iberischen Halbinsel, 7, 1-83.

Boessneck, J. & Driesch, A. (1980b) La Cueva del Nacimiento
(Pontones): un yacimiento neolitico en la Siera de Segura. Trab.
Prehist, 38, 109-148.

Bond, G., Kromer, B., Beer, J., Muscheler, R., Evans, M.N., Showers,
W. et al. (2001) Persistent solar influence on North Atlantic climate
during the Holocene. Science, 294(5549), 2130-2136.

Bouchud, J. (1969) La faune mousterienne de Carigi'la.’. Anthro-
pologie, 73, 361-364.

BurnikSturm, M., Ganbaatar, O., Voigt, C.C. & Kaczensky, P. (2017)
Sequential stable isotope analysis reveals differences in dietary
history of three sympatric equid species in the Mongolian Gobi.
Journal of Applied Ecology, 54(4), 1110-1119.

Cabrero, R., Bernaldez-Sanchez, E., Gémez, E. & Bernaldez-Sanchez,
M. (2006) Amarguillo II: arqueologia, paleonbiologia y tafonomta.
Pliocénica, 5, 83-94.

Caceres, |. (1997) Agentes tafonémicos y econémicos de los grupos de
cazadores-recolectores de la Cueva del Higueral de Valleja (Cadiz).
Revista Atlantica-Mediterrdnea de Prehistoria y Arqueologia Social,
1, 57-76.

Caceres, |. & Anconetani, P. (2002) Procesos tafonémicos del nivel
solutrense de la Cueva de Higueral de Motilllas (Cadiz). Zephyrus,
50, 37-52.

Caceres, I. (2002) La fauna terrestre en el asentamiento de El
Retamar. In: Ramos, ). & Lazarich, M., (Ed.) Memoria de la
Excavacion Arqueolégica en el Asentamiento del VI milenio ANE
de El Retamar (Puerto Real, Cadiz). Sevilla: Junta de Andalucia.
pp. 85-92.

Céamara, J.A., Molina, F. & Afonso, J.A. (2005) La cronologia absoluta
de Los Castillejos en Las Penas de los Gitanos (Montefrio, Granada).
In: Arias, P., Ontafion, R. & Garcia-Moncé, C., (Ed.) /Il Congreso del
Neolitico en la Peninsula Ibérica. Santander: Universidad de
Cantabria. pp. 841-852.

Cardoso, J.L., Vilstrup, J.T., Eisenmann, V. & Orlando, L. (2013) First
evidence of Equus asinusL. in the Chalcolithic disputes the
Phoenicians as the first to introduce donkeys into the Iberian
Peninsula.  Journal —of Archaeological Science, 40(12),
4483-4490.

Carrasco, J., Martinez-Sevilla, F. & Gamiz, J. (2011) Algunas
cuestiones sobre los asentamientos al aire libre del Neolitico
Antiguo/Medio en “La Vega” de Granada. Antiqgvitas, 23, 47-71.

Cieslak, M., Pruvost, M., Benecke, N., Hofreiter, M., Morales, A.,
Reissmann, M. et al. (2010) Origin and history of mitochondrial
DNA lineages in domestic horses. PLoS One, 5, e15311.

Crees, J.J. & Turvey, S.T. (2014) Holocene extinction dynamics of
Equus hydruntinus, a late-surviving European megafaunal mammal.
Quaternary Science Reviews, 91, 16-29.

Delibes de Castro, G., Diaz-Andreu, M., Fernandez-Posse, M.D.,
Martin, C., Montero, 1., Mufioz, I.K. et al. (1996) Poblamiento y
desarrollo cultural en la cuenca de Vera durante la prehistoria
reciente. Complutum. Extra, 6, 153-170.

Delibes de Castro, G., Fernandez-Miranda, M., Fernandez-Posse,
M.D. & Martin, C. 1994. Una aproximacién al estudio de las
actividades econémicas en el poblado calcolitico de Almizaraque,
Almerifa (Espaiia). Kunst, M (ed.) Origens, Estruturas e Relar¢des das
Culturas Calcoliticas da Peninsula Ibérica. Trabalhos de Arqueolo-
gia 7. (Lisboa 1994) pp. 247-253.

Der Sarkissian, C., Ermini, L., Schubert, M., Yang, M.A,, Librado, P.,
Fumagalli, M. et al. (2015) Evolutionary genomics and conservation of
the endangered Przewalski’s horse. Current Biology, 25(19), 2577-2583.

Dominguez-Rodrigo, M. (2001) Analisis macrofaunistico del yaci-
miento de Cerro de la Virtud (Cuevas de Almanzora, Almeria).
Anuario Arqueoldgico de Andalucia, 1997, 35-37.

J. Quaternary Sci., Vol. 39(2) 261-276 (2024)

95UB917 SUOWILLIOD SAITE81D 3|qeal|dde sy Ag peusenob e sopie YO ‘8sN J0 S3|nJ oy Aleud 1 8UljuO AS|IA UO (SUONIPUOD-PUE-SULLIB) 0D AS [ Ae1q 1 ]BU1 |UO//:SANL) SUONIPUOD Pue SWiS 1 8U) 385 *[7202/20/ST] Uo Aeiq1auluo ASJIm ‘(-u)eange ) sqnopesy Aq 08G€'sbI/200T 0T/10p/woo’ As|Im Alelqjeuljuo//:sdny woj papeoiumod ‘Z ‘v20e ‘L TYT660T


https://doi.org/10.5252/anthropozoologica2019v54a1

274 JOURNAL OF QUATERNARY SCIENCE

Driesch, A.vd (1972) Ostearchdologische Untersuchungen auf der
Iberischen Halbinsel. Studien iber friihe Tierknochenfunde von der
Iberischen Halbinsel, 3, 1-267.

Driesch, A.vd (1973) Nahrungsreste tierischer Herkunft aus einer
tartessischen und einer spatbronzezeitlichen bis iberischen Siedlung
in Stidspanien. Studien tber frithe Tierknochenfunde von der
Iberischen Halbinsel, 4, 9-31.

Driesch, A.vd (2000) Revision zum Vorkommen des Equus (asinus)
hydruntinus (Regalia 1907) im Chalkolithikum der Iberischen
Halbinsel. Archaeofauna: International Journal of Archaeozoology,
9, 35-38.

Driesch, A.vd & Kokabi, K. (1977) Tierknochenfunde aus der siedlung
Cerro de los Castellones bei Laborcillas. Granada. Archdologie und
Naturwissenchaften, 1, 129-143.

Driesch, A.vd & Morales, A. (1977) Los restos animales del yacimiento
de Terrera Ventura (Tabernas, Almeria). Cuadernos de Prehistoria y
Arqueologia de la Universidad Auténoma de Madrid, 4, 315-143.

Eisenmann, V. (1996). Quaternary horses: possible candidates to
domestication. Proceedings of the XIII Congress of the International
Union of Prehistoric and Protohistoric Sciences, Forli, Italia, 27-36.

Fages, A., Hanghgj, K., Khan, N., Gaunitz, C., Seguin-Orlando, A.,
Leonardi, M. et al. (2019) Tracking five millennia of horse
management with extensive ancient genome time series. Cell,
177(6), 1419-1435.

Fernandez, L.E., Tomassetti, J.M., Riquelme, J.A., Salado, J.B.,
Rodriguez, F.J. & Compania, J.M. (2014) El Silillo: un asentamiento
del I milenio en la vega de Antequera. Menga. Revista de
prehistoria de Andalucia, 5, 101-123.

Finlayson, C., Fa, D.A., Jiménez Espejo, F., Carrién, J.S., Finlayson, G.,
Giles Pacheco, F. et al. (2008) Gorham’s Cave, Gibraltar. The
persistence of a Neanderthal population. Quaternary International,
181, 64-71.

Friesch, K. (1987) Die tierknochenfunde von Cerro de la Encina bei
Monachil, provinz (Granada). (Grabungen 1977-1984). Studien tiber
friihe Tierknochenfunde von der Iberischen Halbinsel, 11, 1-135.

Garcia Sanjuan, L., Vargas Jiménez, J.M., Caceres Puro, L.M., Costa
Caramé, M.E., Diaz-Guardamino uribe, M., Diaz-Zorita bonilla, M.
et al. (2018) Assembling the Dead, Gathering the Living: Radio-
carbon Dating and Bayesian Modelling for Copper Age Valencina
de la Concepcioén (Seville, Spain). Journal of World Prehistory, 31,
179-313.

Garcia-Rivero, D., Pérez-Jorda, G., Garcia-Vinas, E., Lopez-Séez, J.A.,
Taylor, R., Pea-Chocarro, L. et al. (2019) Ecological patterns and use of
natural resources during the neolithic of the South of the Iberian
Peninsula: An update from the 6th to 4th millennia cal BC sequence of
Dehesilla Cave. Quaternary Science Reviews, 219, 218-235.

Garcia-Ruiz, J.M., Sanjuan, Y., Gil-Romera, G., Gonzalez-Sampériz,
P., Begueria, S., Arndez, J. et al. (2016) Mid and late Holocene forest
fires and deforestation in the subalpine belt of the Iberian range,
northern Spain. Journal of Mountain Science, 13, 1760-1772.

Garcia-Vifas, E. & Bernaldez-Sanchez, E. (2013). Paleobiologia en
Andalucfa: una primera aproximacion a los estudios arqueozool6-
gicos realizados para la Prehistoria Reciente. In J. Jiménez,
M. Bustamante-Alvarez & M. Garcia (Coords.), VI Encuentro de
Arqueologia del Suroeste Peninsular (pp. 897-926). Villafranca de
los Barros: Ayuntamiento de Villafranca de los Barros.

Garcia-Vinas, E., Bernaldez-Sanchez, E. & Escacena, J.L. (2018) Una
historia natural de Caura: Paleobiologfa y Tafonomia del yacimiento
arqueolégico del Cerro de San Juan. In: Escacena, J.L., Gomez, A. &
Pérez, L.G., (Ed.) Caura. Arqueologia en el Bajo Guadalquivir.
Sevilla: Universidad de Sevilla. pp. 353-371.

Garcia-Vinas, E., Ocana, A., Gamero, M. & Bernaldez, E. (2014)
Diecinueve afios de investigacion sobre el patrimonio paleobiol6-
gico de la Prehistoria Reciente andaluza. revista PH, 86, 88-100.

Gaunitz, C., Fages, A., Hanghgj, K., Albrechtsen, A., Khan, N.,
Schubert, M. et al. (2018) Ancient genomes revisit the ancestry of
domestic and Przewalski’s horses. Science, 360, 111-114.

Geigl, EIM. & Grange, T. (2012) Eurasian wild asses in time and
space: morphological versus genetic diversity. Annals of Anatomy-
Anatomischer Anzeiger, 194(1), 88-102.

Granado, J.D., Dill, N., Gaunitz, C., Fages, A., Khan, N., Schernig
Mréaz, M. et al. (2020) The mules that are not mules-metrics,
morphology, archaeogenomics and mtDNA d-loop diversity in

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

equids from Roman Switzerland. Journal of Archaeological Science,
123, 105253.

Hain, F.H. (1982) Kupferzeitliche Tierknochenfunde aus Valencina de
la Concepcion. Sevilla. Studien tiber frithe Tierknochenfunde von
der Iberischen Halbinsel, 8, 1-178.

Hamilton, J. (1999) The faunal Remains. In: Cuncliffe, B. & Fernandez,
M.C., (Ed.) The Guadajoz Project: Andalusia in the First Millenium
BC: Torreparedones and its Hinterland. Oxford: Oxford University
Press. pp. 399-401.

Jansen, T., Forster, P., Levine, M.A., Oelke, H., Hurles, M., Renfrew, C.
et al. (2002) Mitochondrial DNA and the origins of the domestic
horse. Proceedings of the National Academy of Sciences, 99,
10905-10910.

Jorda, J.F., Carral, P., Ripoll, S. & Mufoz, F.J. (2012) Geoarqueologia,
radiocarbono y cronoestratigrafia del yacimiento solutrense de la
Cueva de Ambrosio (Vélez-Blanco, Almeria). Espacio, Tiempo y
Forma. Serie I, Nueva época. Prehistoria y Arqueologia, 5, 63-74.
Available at: https://doi.org/10.5944/etfi.5.9212

Lara, D.E., Barragan, D. & Garrido, M. (2004) El asentamiento
calcolitico del parque de Miraflores (Sevilla): resultados prelimi-
nares. Spal. Revista de Prehistoria y Arqueologia, 13, 245-255.

Lau, A.N., Peng, L., Goto, H., Chemnick, L., Ryder, O.A. & Makova,
K.D. (2009) Horse domestication and conservation genetics of
Przewalski’s horse inferred from sex chromosomal and autosomal
sequences. Molecular Biology and Evolution, 26, 199-208.

Lauk, H.D. (1976) Tierknochenfunde aus bronzezeitlichen Siedlungen
bei Monachil und Purullena (Provinz Granada). Studien (ber friihe
Tierknochenfunde von der Iberischen Halbinsel, 6, 1-109.

Leonard, J.A. & Vila, C. (2014) In: Smith, C., (ed.) Horse, Domestica-
tion of in Encyclopedia of Global Archaeology. Springer. pp.
3493-3495

Leonardi, M., Boschin, F., Giampoudakis, K., Beyer, R.M., Krapp, M.,
Bendrey, R. et al. (2018) Late Quaternary horses in Eurasia in the
face of climate and vegetation change. Science Advances, 4(7),
eaar5589.

Librado, P., Khan, N., Fages, A., Kusliy, M.A., Suchan, T., Tonasso-
Calviere, L. et al. (2021) The origins and spread of domestic horses
from the Western Eurasian steppes. Nature, 598, 634-640.
Available at: https://doi.org/10.1038/s41586-021-04018-9

Liesau, C. (2005) Arqueozoologia del caballo en la antigua Iberia.
Gladius, XXV, 187-206.

Liesau, C. (2000) Identificacion de restos de fauna, Llanete de los
Moros (Montoro, Cordoba). In: Martin de la Cruz, J.C., Sanz, M.P. &
Bermddez, )., (Ed.) La Edad del Cobre en el Llanete de los Moros
(Montoro). El origen de los pueblos en la Campifia cordobesa.
Cérdoba: Universidad de Cérdoba. pp. 128-132.

Lillios, K.T. (2020) Mobility and Alterity in Iberian Late Prehistoric
Archaeology: Current Research on the Neolithic-Early Bronze Age
(6000-1500 BCE). Annual Review of Anthropology, 49, 49-65.

Lillios, K.T., Blanco-Gonzalez, A., Drake, B.L. & L6pez-Saez, J.A.
(2016) Mid-late Holocene climate, demography, and cultural
dynamics in lberia: a multi-proxy approach. Quaternary Science
Reviews, 135, 138-153.

Lira, J. (2017) Rastreando los origenes de la domesticacién del caballo
en Iberia: ADN antiguo y la evidencia de Atapuerca. Dendra Méd
Rev Humanid, 14, 63-175.

Lira, J., Linderholm, A., Olaria, C., Brandstrom Durling, M., Gilbert,
M.T.P., Ellegren, H. et al. (2010) Ancient DNA reveals traces of
Iberian Neolithic and Bronze Age lineages in modern Iberian horses.
Molecular Ecology, 19, 64-78.

Lopez-Saez, ).A., Pérez-Diaz, S., Rodriguez-Ramirez, A., Blanco-
Gonzalez, A., Villarfas-Robles, J.J., Luelmo-Lautenschlaeger, R.
et al. (2018) Mid-late Holocene environmental and cultural dynamics
at the south-west tip of Europe (Dofana National Park, SW Iberia,
Spain). Journal of Archaeological Science: Reports, 22, 58-78.

Lovész, L., Fages, A. & Amrhein, V. (2021) Konik, Tarpan, European
wild horse: an origin story with conservation implications. Global
Ecology and Conservation, 32, e01911.

Lumley, H. (1969) Etude de I'outillage moustérien de la Grotte de
CarigUela (Pifiar-Grenade). L’anthropologie, 73(3-4), 165-206.

Manhart, H., Driesch vd., A. & Liesau, C. (2000) Investigaciones
arqueolégicas en Fuente Alamo. In: Schubart, H. et al., (Ed.) Fuente
Alamo. Las excavaciones arqueoldgicas (1977-1991) en el poblado

J. Quaternary Sci., Vol. 39(2) 261-276 (2024)

95UB917 SUOWILLIOD SAITE81D 3|qeal|dde sy Ag peusenob e sopie YO ‘8sN J0 S3|nJ oy Aleud 1 8UljuO AS|IA UO (SUONIPUOD-PUE-SULLIB) 0D AS [ Ae1q 1 ]BU1 |UO//:SANL) SUONIPUOD Pue SWiS 1 8U) 385 *[7202/20/ST] Uo Aeiq1auluo ASJIm ‘(-u)eange ) sqnopesy Aq 08G€'sbI/200T 0T/10p/woo’ As|Im Alelqjeuljuo//:sdny woj papeoiumod ‘Z ‘v20e ‘L TYT660T


https://doi.org/10.5944/etfi.5.9212
https://doi.org/10.1038/s41586-021-04018-9

ANDALUCIAN EQUIDS THROUGH THE HOLOCENE 275

de la Edad del Bronce. Monografias 8. Sevilla: Junta de Andalucia.
pp. 223-240.

Martin, P., Verges, .M. & Nadal, J. (2016) The status problem of
Iberian Holocene equids: new data from Cueva de El Mirador (Sierra
de Atapuerca, Spain). International Journal of Osteoarchaeology,
26(2), 232-245.

Martin-Penela, A. (1986) Los grandes mamiferos del yacimiento
Pleistoceno superior de Cueva Hora (Darro, Granada, Espafia).
Antropologia y Paleoecologia Humana, 4, 107-130.

Martinez, R.M. (2013) Cerdos, caprinos y nayades. Aproximacién a la
explotacion ganadera y fluvial en el Guadalquivir entre el Neolitico
y la Edad del Cobre (3500-200 A.N.E.). Spal. Revista de Prehistoria y
Arqueologia, 22, 29-46.

Martinez, R.M., Lépez-Garcia, .M., Alcalg, A., Blain, H.A. & Bretones,
M.D. (2010) Sima de Abraham (Zagrilla Alta, Priego de Cérdoba).
Avance a un nuevo yacimiento paleontolégico del Pleistoceno
Superior en medio kérstico. Antiqvitas, 22, 5-20.

Martinez, R.M. & Vera-Rodriguez, J.C. (2017). El enclave neolitico al
aire libre del castillo de Dofia Mencia (Cérdoba). Una mirada a los
primeros agricultores y ganaderos de las campifias del Guadalquivir
Medio. Onoba Monografias, 1. Universidad de Huelva.

Mederos, A. (1996) La cronologia absoluta de Andalucia occidental
durante la Prehistoria reciente (6100-8505s.C.). SPAL. Revista de
Prehistoria y Arqueologia, 5, 45-86.

Milz, H. (1986) Die Tierknochenfunde aus drei argarzeitlichen
Siedlungen in der Provinz Granada (Spanien). Studien tiber frithe
Tierknochenfunde von der Iberischen Halbinsel, 10, 1-134.

Monclova, A., Barroso, C., Caparrés, M. & Moigne, A.M. (2012) Una
aproximacioén a la comprensién de la fauna de macromamiferos de
la cueva de Zafarraya (Alcaucin, Malaga). Menga. Revista de
prehistoria de Andalucia, 3, 83-107.

Montén, S. (1999) Registro faunistico de los sondeos de Gatas. In:
Castro, P. et al., (Ed.) Proyecto Gatas 2: La dinamica arqueoldgica
de la ocupacién prehistorica. Sevilla: Junta de Andalucia. pp.
320-324.

Morales, A. (1985) Analisis faunistico del yacimiento de Papa Uvas
(Aljaraque, Huelva). In: Martin, J.C., (Ed.) Papa Uvas (Aljaraque,
Huelva). Campanas de 1976 a 1979. Excavaciones Arqueoldgicas
de Espana, 149. Madrid: Ministerio de Cultura. pp. 233-257.

Morales, A., Albertini, D., Blasco, F., Cardoso, J.L., Castafios, P.M.,
Liesau, C. et al. (1996). A preliminary catalogue of Holocene equids
from the lberian Peninsula. Proceedings of the XllI Congress of
the International Union of Prehistoric and Protohistoric Sciences
(pp. 65-81). Forli: ABACO.

Morales, A. & Martin, J.M. (1995) Los mamiferos de la Cueva de Nerja
(analisis de las cuadriculas NM-80A, NM-80B y NT-82). In: Pellicer,
M. & Morales, A., (Ed.) Fauna de la Cueva de Nerja I. Salas de la
Mina y de la Torca, campaias 1980-82. Nerja: Patronato de la
Cueva de Nerja. pp. 57-159.

Morales, A. & Riquelme, J.A. (2004). Faunas de mamiferos del
Neolitico andaluz: tendencias diacrénicas fiables. Actas de los
Simposios de Prehistoria de la cueva de Nerja. La problemética del
Neolitico en Andalucia. Las primeras sociedades metaldrgicas en
Andalucia, Mélaga (pp. 41-51).Nerja: Patronato de la Cueva de
Nerja.

Morgado, A., Martinez, R.M. & Carmona, R. (2015) Puntualizaciones
sobre el transito V-1V milenio cal AC en la Alta Andalucia. El primer
asentamiento en el casco urbano de Priego de Cérdoba. Antigvitas,
27, 31-47.

Navas, E., Molina, F. & Esquivel, J.A. (2005) La distribucion espacial
de los restos faunisticos de Los Millares (Santa Fe de Monddjar,
Almerfa). Complutum, 16, 89-104.

Nocete, F. (1994) La formacion del Estado en las campifias del alto
Guadalquivir (3000-1500 ane). Granada: Servicio de Publicaciones
de la Universidad de Granada.

Nocete, F. (2008) Analisis cronométrico. In: (Coord.) Nocete, F., El
yacimiento de la Junta de los Rios. Sevilla: Junta de Andalucia.
pp. 48-54.

Nocete, F., Escalera, P., Linares, J.A., Lizcano, R., Orihuela, A.,
Otero, R. et al. (1999) Estudio del material arqueolégico de la
primera camparfia de excavaciéon de Cabezo Juré (Alosno, Huelva).
Proyecto Odiel. Anuario Arqueolégico de Andalucia, 1994,
93-104.

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

Nocete, F., Rodriguez, M., Camalich, M.D., Martin, D., Lizcano, R.,
In4cio, N. et al. (2009) Segunda camparia de excavacion arqueolégica
(2004) en el yacimiento de La Junta de los Rios (Puebla de Guzman,
Huelva). Anuario Arqueoldgico de Andalucia, 2004, 1824-1831.

Olsen, S.L. (2000) The Exploitation of Horses at Botai, Kazakhstan. In:
Levine, M., Renfrew, C. & Boyle, K., (Ed.) Prehistoric Steppe
adaptation and the Horse. Cambridge: Mcdonald Institute Mono-
graphs. pp. 83-103.

Olsen, S.L. (2006) Early horse domestication: weighing the evidence.
In: Olsen, S.L., Grant, S., Choyke, A.M. & Bartosiewicz, L., (Ed.)
Horses and Humans: The evolution of Human-Equine relationships.
Oxford: BAR International Series 1560. pp. 81-113.

Orlando, L., Mashkour, M., Burke, A., Douady, C.J., Eisenmann, V. &
HANNI, C. (2006) Geographic distribution of an extinct equid (Equus
hydruntinus: Mammalia, Equidae) revealed by morphological and
genetical analyses of fossils. Molecular Ecology, 15(8), 2083-2093.

Outram, A.K., Kasparov, A., Stear, N.A., Varfolomeev, V., Usmanova,
E., & Evershed, R.P. (2012) Patterns of pastoralism in later Bronze
Age Kazakhstan: new evidence from faunal and lipid residue
analyses. Journal of Archaeological Science, 39, 2424-2435.

Outram, AK., Stear, N.A., Bendrey, R., Olsen, S., Kasparov, A.,
Zaibert, V. et al. (2009) The earliest horse harnessing and milking.
Science, 323, 1332-1335.

Pachon, J.A., Carrasco, )., Gamiz, J., Riquelme, J.A. & Buendia, A.F.
(2013) Bronce Final en la Alcazaba de Loja (Granada): hallazgos de
la Torre 5. Antiqvitas, 25, 61-84.

Pajuelo, A. & Lépez, P.M. (2013) Estudio arqueozoolégico de
estructuras significativas de C/Mariana de Pineda s/n (Valencina
de la Concepcidn, Sevilla). In: Garcia-Sanjuan, L., Vargas, J.M.,
Hurtado, V., Ruiz, T. & Cruz-Aunén, R., (Ed.) El asentamiento
prehistérico de Valencina de la Concepcion (Sevilla). Investigacion
y tutela en el 150 aniversario del descubrimiento de La Pastora.
Sevilla: Universidad de Sevilla. pp. 445-458.

Ramos, )., Lazarich, M., Caceres, |., Pérez, M., Castaieda, V., Herrero,
N. et al. (2005) El asentamiento de El Retamar. Sintesis del registro
arqueoldgico y enmarque socio-econémico e histérico. In: Arias, P.,
Ontanén, R., Garcia-Moncé, C., (Ed.) Il Congreso del Neolitico en la
Peninsula Ibérica. Santander: Universidad de Cantabria. pp. 509-526.

Ripoll, S. (1986). El Solutrense de Cueva de Ambrosio. Vélez-Blanco,
Almerfa, campana de 1963. Madrid: Ministerio de Cultura.

Riquelme, J.A. (1994) Estudio de la fauna recuperada en el yacimiento
de Acinipo, Ronda (Malaga). Consideraciones paleoeconémicas y
medioambientales durante la primera mitad del Il milenio. Archae-
ofauna. International Journal of archaeozoology, 3, 21-51.

Riquelme, J.A. (1998). Contribucién al estudio Arqueofaunistico
durante el Neolitico y la Edad del Cobre en las Cordilleras
Béticas: el Yacimiento Arqueolégico de Los Castillejos en Las
Pefas de los Gitanos, Montefrio (Granada). PhD Thesis. Uni-
versidad de Granada.

Riquelme, J.A. (2003) Il Fase del proyecto Aportaciones de los estudios
arqueozooldgicos al conocimiento de las relaciones hombre-fauna
durante la prehistoria y la historia antigua en Andalucia. Anuario
Arqueoldgico de Andalucia 2003, 2, 322-327.

Riquelme, J.A. (2004) Estudio de los restos éseos del yacimiento del Il
milenio ANE de Cabezo Juré (Alosno, Huelva). In: Nocete, F., (Ed.)
Odliel: Proyecto de investigacion Arqueoldgica para el Anélisis del
origen de la Desigualdad Social en el Suroeste de la Peninsula
Ibérica. Sevilla: Junta de Andalucia. pp. 253-263.

Riquelme, J.A. (2008) Estudio de los restos dseos de mamiferos de El
Pirulejo. Los niveles paleoliticos. Antigvitas, 20, 199-212.

Riquelme, J.A. (2010). Una aproximaciéon a la utilizacién por el
hombre de las especies animales documentadas en la Ciudad de la
Justicia de Jaén. Ciudad de la Justicia. Excavaciones arqueoldgicas
(pp. 117-133). Sevilla: Junta de Andalucia.

Riquelme, J.A. & Aguayo, P. (2000). Estudio de la fauna protohistérica
recuperada en el asentamiento de Ronda la Vieja. Actas del IV
Congreso Internacional de Estudios Fenicios y Panicos (pp. 1713-
1722). Cadiz: Universidad de Cadiz.

Riquelme, J.A., Finlayson, C., Giles, F., Rodriguez, J., Finlayson, G.,
Santiago, A. et al. (2011) La fauna de mamiferos solutrense de
Gorham’s Cave, Gibraltar. In: Fernandez, J.J., Baena, E., (Ed.)
Arqueologia, Paleontologia y Geomorfologia del Cuaternario en
Espania: X aniversario del Seminario Francisco Sousa (La Rinconada,

J. Quaternary Sci., Vol. 39(2) 261-276 (2024)

95UB917 SUOWILLIOD SAITE81D 3|qeal|dde sy Ag peusenob e sopie YO ‘8sN J0 S3|nJ oy Aleud 1 8UljuO AS|IA UO (SUONIPUOD-PUE-SULLIB) 0D AS [ Ae1q 1 ]BU1 |UO//:SANL) SUONIPUOD Pue SWiS 1 8U) 385 *[7202/20/ST] Uo Aeiq1auluo ASJIm ‘(-u)eange ) sqnopesy Aq 08G€'sbI/200T 0T/10p/woo’ As|Im Alelqjeuljuo//:sdny woj papeoiumod ‘Z ‘v20e ‘L TYT660T



276 JOURNAL OF QUATERNARY SCIENCE

Sevilla). La Rinconada: Ayuntamiento de La Rinconada. pp.
161-178.

Riquelme, J.A. (2009) Analisis arqueozoolégico de mamiferos. In:
Lizcano, R., Nocete, F. & Peramo, A., (Ed.) Las Eras. Proyecto de
puesta en valor y uso social del patrimonio arqueolégico de Ubeda
(Jaén). Huelva: Universidad de Huelva.

Riquelme, J.A., Lizcano, R., Pérez, C., Sanchez, R. & Camara, J.A. (2012)
Una introduccién al analisis de los restos faunisticos de la zona
arqueoldgica del polideportivo de Martos. CPAG, 22, 199-230.

Riquelme, J.A., Simén, M.D. & Cortés, M. (2005-2006) La fauna de
mamiferos del Solutrense en la Cueva de Nerja. Munibe, 57,
255-263.

Rodriguez-Vidal, F., Giles, F. & Riquelme, J.A. (2010) El registro f6sil
de hienas en las cuevas de Gorham’s y Vanguard (Gibraltar):
contexto paleogeografico. Zona Arqueoldgica, 10, 354-364.

Romero, E. (2001a) La intervencion arqueoldgica en la estructura
megalitica de Valdelinares (Zufre, Huelva). Anuario arqueoldgico de
Andalucia, 1997, 376-383.

Romero, E. (2001b) Andlisis de la intervencién arquelégica en el
yacimiento de Puerto Palmera (La Puebla de los Infantes, Sevilla).
Anuario arqueoldgico de Andalucia, 1998, 1074-1080.

Rossel, S., Marshall, F., Peters, J., Pilgram, T., Adams, M.D. &
O’Connor, D. (2008) Domestication of the donkey: timing,
processes, and indicators. Proceedings of the National Academy
of Sciences, 105, 3715-3720.

Samper, S.C. (2010) Caracterizacién sistematica de los équidos de la
Carihuela (Pifar, Granada). Cidaris, 30, 283-291.

Sanchez, E.B. (2011) Biostratinomy applied to the interpretation of
scavenger activity in paleoecosystems. Quaternary International,
243, 161-170.

Sanz, ).L. & Morales, A. (2000) Los restos faunisticos. In: Contreras, F.
et al., (Ed.) Proyecto Penalosa. Analisis historico de las comunidades
de la Edad del Bronce del piedemonte meridional de Sierra Morena y
depresion Linares-Bailén. Sevilla: Junta de Andalucia. pp. 223-236.

Sanz-Royo, A., Sanz, M. & Daura, J. (2020) Upper Pleistocene equids
from Terrasses de la RieradelsCanyars (NE Iberian Peninsula): the
presence of Equus ferus and Equus hydruntinus based on dental criteria
and their implications for palaeontological identification and palaeoen-
vironmental reconstruction. Quaternary International, 566, 78-90.

Sarrion, 1. (1980) Valdecuevas. Estacion Meso-Neolitica en la Sierra de
Cazorla (Jaén). Sagvntvm, 15, 23-56.

Sommer, R.S., Benecke, N., Lougas, L., Nelle, O. & Schmolcke, U.
(2011) Holocene survival of the wild horse in Europe: a matter of
open landscape? Journal of Quaternary Science, 26, 805-812.

Strani, F. & DeMiguel, D. (2023) The role of climate change in the
extinction of the last wild equids of Europe: Palaeoecology of Equus

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

ferus and Equus hydruntinus during the Last Glacial Period.
Palaeogeography, Palaeoclimatology, Palaeoecology, 620, 111564.

Uerpmann, H.P. (1990) Die domestikation des pferdes im Chalkolithi-
kum west- und mitteleuropas. Madrider Mitteilungen, 31, 109-153.

Uerpmann, H.P. (2005) Betrachtungen zum Verhdltnis zwischen
Wildpferd (Equus ferus) und Hydruntinus (Equus hydruntinus) im
Jungpleistozdn und Holozédn auf der Iberischen Halbinsel. Munibe,
57, 351-358.

Vega-Pla, J.L., Calderén, J., Rodriguez-Gallardo, P.P., Martinez, A.M.
& Rico, C. (2006) Saving feral horse populations: does it really
matter? A case study of wild horses from Dofiana National Park in
southern Spain. Animal Genetics, 37(6), 571-578.

Vicent, A.M. & Muiioz, A.M. (1973). Segunda campaiia de excava-
ciones en la Cueva de los Murciélagos, Zuheros (Cérdoba).1969.
Madrid: E.A.E. 77.

Vila, C., Leonard, J.A. & Beja-Pereira, A. 2006. Genetic documenta-
tion of horse and donkey domestication. in Documenting domes-
tication, ed. Zeder, M.A. p 342-353.

Vila, C., Leonard, J.A., Gétherstrom, A., Marklund, S., Sandberg, K.,
Lidén, K. et al. (2001) Widespread origins of domestic horse
lineages. Science, 291(5503), 474-477.

Villar, A. (1998) La pervivencia del Musteriense en la mitad sur
peninsular durante el Pleniglacial Superior. Una revisién critica de
las dataciones. Espacio, Tiempo y Forma. Serie |, Prehistoria y
Arqueologia, pp. 57-64.

Warmuth, V., Eriksson, A., Bower, M.A., Canon, J., Cothran, G.,
Distl, O. et al. (2011) European domestic horses originated in two
Holocene refugia. PLoS One, 6(3), e18194.

Watson, )., Paz, M.A., Tusell, M. & Manosa, M. (2004) Analisis
arqueofaunistico. Campana de 1988. In: Camalich-Massieu, M.
et al., (eds.) La Cueva del Toro (Sierra del Torcal, Antequera,
Malaga). Un modelo de ocupacion ganadera en el territorio andaluz
entre el VI y el Il milenios ANE. Sevilla: Junta de Andalucia. pp.
215-266.

Wilson, D.E. & Reeder, D.M. (2005) Mammal Species of the World,
A taxonomic and geographic reference, 3 ed. Johns Hopkins
University Press. p. 2142.

Yravedra, J. (2007) Zooarqueologia y tafonomia en un yacimiento
solutrense del sureste de la peninsula ibérica: la Cueva de
Ambrosio. Sagvntvm, 39, 65-84.

Zeuner, F. & Sutcliffe, A. (1964) Preliminary report on the
mammalia of Gorham’ s Cave. Bulletin Institute of Archaeology,
4, 213-218.

Ziegler, R. (1990) Tierreste aus der préhistorischen siedlung von Los
Castillejos bei Montefrio (prov. Granada). Studien (iber friihe
Tierknochenfunde von der Iberischen Halbinsel, 12, 1-50.

J. Quaternary Sci., Vol. 39(2) 261-276 (2024)

95UB917 SUOWILLIOD SAITE81D 3|qeal|dde sy Ag peusenob e sopie YO ‘8sN J0 S3|nJ oy Aleud 1 8UljuO AS|IA UO (SUONIPUOD-PUE-SULLIB) 0D AS [ Ae1q 1 ]BU1 |UO//:SANL) SUONIPUOD Pue SWiS 1 8U) 385 *[7202/20/ST] Uo Aeiq1auluo ASJIm ‘(-u)eange ) sqnopesy Aq 08G€'sbI/200T 0T/10p/woo’ As|Im Alelqjeuljuo//:sdny woj papeoiumod ‘Z ‘v20e ‘L TYT660T



	Equids (Equus sp.) in southern Spain from the Palaeolithic to the Bronze Age
	Introduction
	Materials and methods
	Archaeological sites
	Taxonomy and morphology
	Statistics

	Results
	Sites
	Equid presence and distribution
	Equid species through time

	Discussion
	Conclusion
	Acknowledgements
	Data availability statement
	Supporting information
	References




