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Abstract

The introduction and adoption of livestock played a pivotal role in shaping subsistence strategies of populations in the south-
ern Iberian Peninsula during the Neolithic. However, there is lack of information regarding animal management strategies,
such as grazing areas and changes in foddering strategies, and their correlation with the environmental characteristics, type
of site and use of the settlement. The study of feeding strategies of domesticates provides a crucial information about the
interaction between the management of the environment, husbandry systems and the exploitation of animal products. In this
study, we use the archaecozoological data and the 8'°C and 8'°N stable isotope composition of the faunal bone collagen to
understand herding systems and management strategies during the Neolithic in Phases IV and IIIB at El Toro cave (Antequera,
Malaga). Archaeozoological and isotopic results revealed diverse husbandry practices and feeding strategies in El Toro cave
during the Neolithic. The variability in 8'*C and 8'°N values suggests the access of domesticates to different grazing areas
and foddering strategies. This study contributes new insights into husbandry practices during the Neolithic and opens new
perspectives for analysing animal management in mountain areas.
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Introduction

The introduction of livestock during the early stages of the
Neolithic in the Iberian Peninsula brought about significant
changes in the subsistence strategies of populations. Cur-
rently, available archaeological data suggest a high degree of
variability in animal management practices during the Neo-
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the second half of the sixth millennium cal BC, suggesting
complex and diversified socio-economic dynamics (Aura
et al. 2005; Camalich and Martin-Socas 2013; Martin-Socas
et al. 1998, 2018; Morales and Martin 1995; Riquelme 1998;
Salvatierra 1994). Different management and exploitation
strategies are evidence depending on the region, diversity of
biogeographic environments, site type (cave or open-air) and
function. However, available archaeozoological data in the
south of the Iberian Peninsula point to a successful ecologi-
cal adaptation of domesticates (Martin-Socas et al. 2018).
The dichotomy between wild and domestic species during
the Neolithic is evident. During the early Neolithic, domestic
animals were predominant in caves and open-air sites (e.g.
Los Castillejos and La Molaina, Riquelme 1998; El Toro
cave, Watson et al. 2004; Nerja cave, Morales and Martin
1995; El Retamar, Caceres 2002) although high percent-
ages of wild species are documented in some cave sites (e.g.
Cueva Chica de Santiago, Pellicer and Acosta 1982; Acosta
1995). Among domesticates recovered from early Neolithic
sites, domestic caprines (Ovis aries and Capra hircus) have
a higher quantitative representation than other domestic spe-
cies (Bos taurus and Sus domesticus), with sheep being more
abundant than goats. In certain cave sites, such as El Toro
cave, it is suggested that domesticates and people cohabited
(Egﬁez et al. 2016; Martin-Socas et al. 2004). From the Late
Neolithic, the high predominance of domestic species, with a
significant increase in cattle and pig remains is documented
(e.g. La Dehesilla, Acosta 1987; Acosta and Pellicer 1990;
El Toro cave, Watson et al. 2004; Los Castillejos, Riquelme
1998). However, sites such as Cueva del Nacimiento and
Valdecuevas still exhibited a significant presence of wild
fauna (Morales and Riquelme 2004).

The success in integrating domesticates into economic
practices in the south of the Iberian Peninsula during the
early Neolithic is evident. Slaughter pattern results suggest a
primary focus on obtaining meat, although secondary prod-
uct exploitation is proposed from the early Neolithic (Acosta
and Pellicer 1990; Riquelme 1998; Watson et al. 2004). Evi-
dence also points to complementarity between agricultural
and livestock practices (Buxd 1997; Pefla-Chocarro et al.
2013; Rovira 2007; Zapata et al. 2005). However, there is a
lack of information regarding animal management strategies
during the Neolithic, such as grazing areas or changes in
feeding and foddering strategies and their correlation with
environmental characteristics of the area, site type and set-
tlement use. For example, in the Antequera region, Neolithic
sites primarily documented in caves (Martin-Socas et al.
2004, 2018; Perdiguero 1981; Sanchidrian and Garcia 1987,
with one exception being the open-air site Piedras Blancas I:
Garcia and Wheatley 2009), were associated with seasonal
occupations of highly mobile communities (Martin-Socas
et al. 2004, 2018). In this context, studies conducted at El
Toro cave (Antequera, Malaga) suggested the synchronous
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cave use for domestic activities and caprines stabling during
the Neolithic (Egl’iez et al. 2016; Martin-Socas et al. 2004).
The sequence of the cave’s stratigraphy, featuring two well-
defined Neolithic occupations, allows us to study changes
in animal feeding strategies across different periods within
the Neolithic.

Stable isotope analysis can be used to study aspects of
pastoral management strategies, such as grazing and fod-
dering strategies. In general, there is a consensus that the
variable contribution of animal and plant macronutrients
to animal diet can potentially reflect husbandry practices
in the past (Balasse et al. 2015; Fuller et al. 2012; Halley
and Rosvold 2014; Madgwick et al. 2012; Hamilton and
Thomas 2012; Hammond and O’Connor 2013; Minagawa
et al. 2005; Miildner and Richards 2005; Pechenkina et al.
2005). Previous studies have demonstrated the potential of
bulk collagen carbon (BC/'?C) and nitrogen (PN/N) stable
isotopes to explore different animal management practices
in various contexts, for example, reconstructing strategies
used in pig management during the prehistory (Balasse et al.
2015, 2016; Madgwick et al. 2013; Navarrete et al. 2017),
characterizing livestock strategies in mountain environments
(Villalba-Mouco et al. 2018; Navarrete et al. 2023) or infer-
ring feeding strategies of the herds (Madgwick et al. 2023;
Makarewicz 2023; Zavodny et al. 2014). Nevertheless, this
approach has not yet been applied to explain husbandry prac-
tices in the south Iberian Peninsula during the Neolithic.

In this study, we use the archaeozoological data and the
8!3C and 8' N stable isotopes data of the faunal remains
to characterize herding systems and management strategies
in El Toro cave (Antequera, Mélaga) during the Neolithic.
These will also contribute to evaluating the availability of
herd maintenance areas and the implication of livestock
strategies in feeding herds.

Materials

The archaeological site of El Toro cave (Antequera,
Malaga)

El Toro cave is located in the Sierra del Torcal (Antequera,
Malaga) at 1190 m a.s.l. (Fig. 1). Sierra del Torcal is a wide
karstic mountain range of calcareous rocks and diaclastic
systems that separates Mediterranean Andalusia from the
Sub-Baetic System in the southern Iberian Peninsula. The
stratigraphic sequence of El Toro cave has been associated
with four chrono-cultural phases, of which the lower two
correspond to the Neolithic occupations: Phase IV and Phase
III (Santana et al. 2019) (Fig. 2).

During Phase IV (Early Neolithic, 6200-5980 BP:
5280-4780 20 cal BC), the composition and spatial
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Fig. 1 A Location of El Toro cave (Antequera, Malaga). B General topography of the site of El Toro cave (Antequera, Malaga)
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Fig.2 Stratigraphic layers (phases) identified in the site of El Toro cave (Antequera, Mélaga)

distribution of archaeological remains indicate domestic
activities associated with plant and meat processing. Addi-
tionally, there is evidence of craft activities such as animal
skin treatment and ceramic manufacturing (Martin-Socas
et al. 2004; Rodriguez-Rodriguez et al. 1996, 2004). Cama-
lich and Martin-Socas (2013) and Martin-Socas et al. (2004,
2018) interpret Phase I'V as a seasonal and periodic occupa-
tion. This hypothesis is reinforced by the presence of lithic
remains reaching the cave as a finished product (Rodriguez-
Rodriguez 2004) and the presence of marine mollusks
(Cuenca-Solana et al. 2021). Concerning animal resource
management, the predominance of domestic animals over
wild is observed. Among domesticates, caprines are pre-
dominant, specifically sheep over goats, followed by pigs
and cattle (Watson et al. 2004). Micromorphological analy-
sis has identified coprolites from caprines, suggesting that
sheep and goats were stabled in the cave (Egiiez etal. 2016).
The archaeobotanical results record the predominance of
wild plants like acorn and wild olives compared to domes-
tic resources like naked wheat (Triticum aestivum), hulled
barley (Hordeum distichum), lentils (Lentil sp.), broad beans
(Vicia faba) and grass pea (Lathyrus sativus) (Bux6 1997).

Phase III (Late Neolithic, 5320-5170 BP: 4250-3950 20
cal BC) is subdivided into phases IIIB (base) and IIIA (top)
according to the differences in the intensity and spatial dis-
tribution of the archaeological remains. At the end of Phase
IIIB, structural changes in the cave and the sealing of the main
entrance caused by a collapse of the karst system are observed.
Micromorphological analysis suggests the synchronous use
of the cave as a domestic space and a stable (Egl’iez et al.
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2016). The interior part of the cave would be used for stabling
livestock, while the area closer to the entrance was used for
domestic and craft activities (Egﬁez et al. 2016).

Radiocarbon data indicate a more stable and continuous
occupation than in Phase IV, which is supported by micro-
morphological studies (Egiiez et al. 2016; Martin-Socas et al.
2004). Domestic cereals such as naked wheat (Triticum aes-
tivum), hulled barley (Hordeum distichum), barley (Hordeum
vulgare) and legumes such as lentils (Lentil sp.) and broad
beans (Vicia faba) become more representative during this
period (Bux6 1997). Regarding livestock, Watson et al. (2004)
observed an increase in butchery marks on faunal remains,
suggesting a higher level of use and exploitation of animal
carcasses. They also noted changes in the slaughter patterns of
domestic caprines and could indicate changes in the produc-
tion and exploitation practices of sheep and goats.

Between both chrono-cultural phases, a sterile deposit was
identified and interpreted as a period of site abandonment.
Based on dates obtained on short-lived samples, this sterile
deposit is estimated to have formed in around 600 years (Mar-
tin-Socas et al. 2018).

The selection of faunal remains from Phase IV (early
Neolithic) and Phase lll (late Neolithic) of El Toro
cave

Selection of faunal remains

For this work, the macrofaunal remains of Phase IV and
Phase IIIB were reviewed and analysed. A total of 10924
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faunal remains were analysed. Considering the main objec-
tive of this study is to characterize husbandry strategies, this
paper focuses only on the number of identified specimens
for Phase IV (NISP = 2132) and Phase IIIB (NISP = 1260)
(Table 1).

Selection of faunal samples for isotopic analysis

A total of 82 samples for 8'°C and 8'°N isotopic analy-
sis in bulk collagen were selected. A range of herbivores
(Phase IV n = 28; Phase IIIB n = 21), including domestic
(Ovis aries, Capra hircus and Bos taurus) and wild animals
(Cervus elaphus, Capra pyrenaica, Capreolus capreolus,
Rupicapra rupicapra), omnivores (Phase IV n = 23; Phase
IIIB n = 8) (Sus domesticus and Sus scrofa) and carnivores
(Phase IV n = 1; Phase IIIB n = 1) (Vulpes vulpes, Canis
familiaris) were selected to establish the local 8'°C and 8'°N
isotopic baselines. Samples comprised only adult specimens
and included the diaphysis of bones, maxilla and mandibular
diastema. Whenever possible, specimens were selected to
represent adult individual animals by sampling the same-
sided portion of a specific element.

Methods
Archaeozoological analysis

The bones were analysed and identified anatomically and
taxonomically in the Museo de Mélaga (Spain) using the

Table 1 Taxonomic representation of animal remains recovered in
Phase IV and Phase IIIB of the El Toro cave (Antequera, Malaga)
(NISP number of identified specimens; MNI minimum number of
individuals)

Phase IV Phase I1IB

NISP MNI NISP MNI
Bos taurus 69 3 48 3
Ovis aries 222 13 136 11
Capra hircus 146 9 105 10
Ovis/Capra 1195 8 661 13
Sus domesticus 380 19 210 8
Canis familiaris 0 0 1 1
Cervus elaphus 22 2 16 2
Capreolus capreolus 16 3 5 1
Capra pyrenaica 17 1 19 2
Rupicapra rupicapra 3 1 3 1
Sus scrofa 1 1 1
Equus sp. 0 1 1
Oryctolagus cuniculus 58 5 54 4
Vulpes vulpes 1 1 0 0

studies by Boessneck (1980); Fernandez (2001); Gillis
et al. (2011); Halstead and Collins (2002); Payne (1985);
Prummel and Frisch (1986); Salvagno and Albarella
(2017); Zeder and Lapham (2010); and Zeder and Pilaar
(2010) to distinguish Rupicapra, Ovis, Capra and Capreo-
lus. The distinction between Sus domesticus and Sus scrofa
was carried out on standardized criteria published by von
den Driesch (1976) and Payne and Bull (1988). The analy-
sis focused on the representation frequencies of different
species and estimate of the age of death of the domesti-
cates (Ovis aries, Capra hircus, Sus domesticus and Bos
taurus). The number of identified specimens (NISP) and
the minimum number of individuals (MNI) were used to
quantify the assemblages. The MNI was calculated by con-
sidering the estimated age, anatomical representation and
laterality. The relative frequency or presence/absence of
taxa was used to estimate taxonomic variability. The age of
the animals was estimated according to the stages of tooth
wear (Grant 1982; Jones 2006; Lemoine et al. 2014; Payne
1985, 1987), eruption sequences and epiphyseal fusion in
postcranial elements (Amorosi 1989; Barone 1976; Silver
1969; Zeder 2006).

Collagen extraction and stable isotope analysis

The extraction of collagen and analysis of stable isotopes
were conducted at the Unitat d’Antropologia Biologica
(Department of Animal Biology, Plant Biology and Ecol-
ogy) and Laboratori d’Arqueozoologia (Department of
Prehistory) at the Autonomous University of Barcelona
(Spain). The bones were cleaned mechanically to remove
the surface, and the extraction followed a modified Longin
(1971) method (Brown et al. 1988). In short, shards of
bones (ca. 200 to 300 mg) were demineralized using 0.6
M HCI at 4°C for several days, then rinsed with ultrapure
water (Milli-Q®) and gelatinized with 0.001 M HCI at
80°C for 48 h. Samples were then ultrafiltered (30 kDa,
Amicon® Ultra-4 centrifugal filter units; Millipore, MA,
USA), frozen and freeze-dried. Collagen samples (0.3 mg)
were analysed in duplicate using a Thermo Flash 1112
elemental analyser (EA) coupled to a Thermo Delta V
Advantage isotope ratio mass spectrometer (IRMS) with
a Conflo III interface at the Institute of Environmental
Science and Technology (ICTA) at the Autonomous Uni-
versity of Barcelona (Spain). Isotopic values are expressed
as 8. The international laboratory standard IAEA 600 (caf-
feine) was used as a control. The average analytical error
was <0.2%o (10), as determined from the duplicate analy-
ses of 8'3C and 8'>N. Comparison between 5'°C values of
wild and domestic herbivores, omnivores and carnivores
was performed using one-way ANOVA (a = 0.05) after
checking for normal distribution with the Shapiro—Wilk
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test for normality (o« = 0.05). The null hypothesis that the
data were normally distributed was rejected for the §'N
values. Thus, the 615N values were compared using the
Kruskal-Wallis test (a0 = 0.05). All statistical tests were
performed in PAST 4.11 (Hammer et al. 2001).

Results
Herd composition

A total of 2132 faunal remains from Phase IV and 1260 fau-
nal remains from Phase IIIB were analysed. The remains of
domesticated animals constituted more than 94.4 % (Phase
IV, NISP = 2012) and 92.1 % (Phase 11IB, NISP = 1161) of
the recovered assemblage, and wild species represented 5.6
% (Phase IV, NISP = 120) and 7.9 % (Phase IIIB, NISP =
99). Among domestic species, in Phase IV and Phase IIIB,
caprines were more important quantitatively and in MNI
than pig, followed by cattle (Table 1). The results of the
comparison of the percentages of each domestic taxon in the
Phase IV and Phase IIIIB did not present fluctuations over
the period studied.

Mortality profiles were calculated based on the MNI.
Pigs and cattle exhibited a similar and homogeneous
slaughter pattern across Phase IV and Phase IIIB. Pigs
were primarily slaughtered between 14 and 21 months
old (Phase IV, 43.5%; Phase IIIB, 57.5%). The number
of slaughtered pigs declined after 21 months old (Phase
1V, 33.1%; Phase I1IB, 34.4%), and only two individuals
documented between 36 and 42 months old in Phase IV
(19.5%). Less frequently, neonatal and infantile individ-
ual pigs up to 7 months old were documented (Phase IV,
3.9%; Phase IIIB, 8.1%). Regarding cattle, although the
total recovered remains were limited, individuals were
slaughtered at their meat-optimum (15-30 months old)
(Phase IV, 66.7%; Phase IIIB, 66.7%). In both phases,
an older individual of more than 48—72 months old was
documented (Phase IV, 33.3%; Phase IIIB, 33.3%). The
slaughtering patterns of caprines showed slight varia-
tions between phases. In both phases, caprine individu-
als slaughtered between 6 and 24 months old were pre-
dominant (Phase IV, Ovis aries 58.9% and Capra hircus
74.4%; Phase 11I1B, Ovis aries 62.1% and Capra hircus
78%). However, in Phase IIIB, there was a significant
increase in sheep individuals of 2-6 months old (24.4%).
The presence of neonates younger than 2 months and
infantile of 2—4 months old was also documented in Ovis/
Capra during Phase IV (49.8%) and Phase IIIB (40.7%).
Distinguishing between sheep and goats in these imma-
ture specimens was not feasible due to the high degree of
bone fragmentation and the absence of bone development
in diagnostic elements.

@ Springer

Faunal stable isotopes §'3C and §"°N values
Collagen preservation

The isotope data and collagen quality indicators are reported
in Table 2 and Fig. 3. Out of a total of 82 specimens, col-
lagen was successfully extracted from 69 (84.1%). Collagen
yields ranged from 0.3 to 0.4 mg.

The C% and N% ranged from 22 to 45% and 11 to 16%,
respectively, with C:N ratios ranging from 3.2 to 3.6 and
falling within the values proposed by DeNiro (1985) and
Van Klinken (1999) for preserved collagen. We also applied
a 13% and 4.8% cut-off for C% and N%, respectively, as rec-
ommended by Ambrose (1990), Ambrose and Norr (1993).

§"3Cand 8'°N values

The average 8'°C values of herbivores ranged from —19.9 +
1.2 %o (Phase IV; n = 23) to —20 + 1.1 %o (Phase IIIB; n =
18). Although there were no statistically significant differ-
ences between phases (p = 0.8345), high intra-range vari-
ability was documented: —21.15 to —16.48%o in Phase IV
and —20.88 to —16.48%o in Phase IIIB. The widest ampli-
tude of variation of 8'*C values was recorded in domestic
herds (4.85%0) compared to wild animals (1.57%o).

The average 8'°N values ranged from +5.2 + 1 %o (Phase
IV; n =23) to +5 + 1.2 %o (Phase IIIB; n = 18). These dif-
ferences were statistically indistinguishable (p = 0.554). No
significant differences were found between the 8'3C values
of wild and domestic herbivores at Phase IV (p = 0.8408)
and Phase IIIB (p = 0.4115). But there were significant sta-
tistical differences between 8'°N values of wild (average =
4.6 + 1%o; n = 10) and domestic herbivores (average = 5.6 +
0.7%o0; n = 13) at Phase IV (p < 0.009). Among the domes-
ticated, 8'°N values were found to be significantly different
between cattle and sheep (p < 0.01) and between cattle and
goats (p < 0.03). Cattle were significantly >N-enriched by
1.3%0 compared to the domestic herbivores (p = 0.007) and
I5N-enriched by 2.1%o compared to the wild herbivores (p =
0.019). In Phase IIIB, there were also significant statistical
differences in 8'°N values between domestic (average 5.4
+ 1.1 %0; n = 13) and wild herbivores (average 4.05 + 0.6
%o; n =5) (p = 0.0274). Domesticates were significantly
SN-enriched by 1.35%0 compared to the wild herbivores.
Among the domesticated, the only cattle had a 8N value
of 6.89%o. Although there were no statistically significant
differences between sheep and goats (p = 0.1366), the 5'°N
values of sheep ranged from 7.04 %o to 3.95 %o (n = 9),
while the 8'°N values of goats ranged from 4.52 to 4.31%o
(n = 3) (Figs. 3 and 4).

The average 8'C values of pigs ranged from —20.2 + 0.4
%o (Phase IV; n = 19) to —20.8 + 0.2 %0 (Phase IIIB; n =
8), and these differences were statistically significant (p <
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Table 2 Results from carbon and nitrogen isotopic analysis of faunal samples from Phase IV and Phase IIIB of El Toro cave (Antequera, Mal-

aga)

Site Specimen ID Phase Species ID Skeleton part %C %N 813C(%0) S15N(%0) C:N
TCT 1 v Sus domesticus Radius 41.69 15.14 -19.71 4.89 32
TCT 6 v Sus domesticus Radius 44.95 16.00 -20.11 5.70 33
TCT 7 v Sus domesticus Tibia 40.32 14.61 -20.16 5.50 32
TCT 8 v Sus domesticus Mandible 32.02 11.53 —19.98 7.63 32
TCT 10 v Sus domesticus Radius 42.39 15.31 —20.34 4.33 32
TCT 12 v Sus domesticus Radius 44.83 16.30 -20.24 6.09 32
TCT 13 v Sus domesticus Talus 44.02 15.41 —-20.80 4.23 33
TCT 14 v Sus domesticus Phalanx 44.87 16.19 -20.13 5.62 32
TCT 16 v Sus domesticus Radius 42.37 15.14 —19.60 6.14 33
TCT 17 v Sus domesticus Mandible 44.98 16.14 -20.27 5.66 32
TCT 18 v Sus domesticus Mandible 39.07 14.09 —19.93 6.65 32
TCT 19 v Sus domesticus Mandible 42.04 14.63 —20.86 6.25 34
TCT 20 v Sus domesticus Metapodial 41.49 13.58 -20.57 6.07 3.6
TCT 21 v Sus domesticus Phalanx 33.89 11.81 -21.33 5.04 33
TCT 37 v Sus domesticus Phalanx 44.87 16.36 -20.33 5.72 32
TCT 48 v Sus domesticus Radius 38.24 13.94 —19.90 4.60 32
TCT 44 1A% Sus domesticus Humerus 41.88 15.06 —-19.78 6.28 32
TCT 57 v Sus domesticus Phalanx 44.60 15.66 —20.05 5.32 33
TCT 62 v Sus domesticus Talus 44.23 15.98 -20.17 6.83 32
TCT 26 v Ovis aries Humerus 4291 15.68 -20.71 5.80 32
TCT 45 v Ovis aries Humerus 40.96 14.86 -20.87 4.87 32
TCT 50 v Ovis aries Metacarpus 41.06 14.99 -21.04 4.74 32
TCT 55 v Ovis aries Humerus 42.81 15.62 -20.52 5.64 32
TCT 25 v Capra hircus Humerus 42.95 15.52 —18.71 5.06 32
TCT 27 v Capra hircus Radius 42.28 15.38 -20.04 5.25 32
TCT 28 v Capra hircus Radius 37.29 13.65 —20.69 6.27 32
TCT 43 v Capra hircus Radius 40.40 14.67 —19.82 5.99 32
TCT 49 v Capra hircus Radius 40.68 14.87 —19.31 5.31 32
TCT 51 v Capra hircus Humerus 45.03 16.25 —19.99 5.96 32
TCT 56 v Capra hircus Humerus 43.53 15.83 —20.83 4.89 32
TCT 32 v Bos taurus Phalanx 42.89 16.05 —20.34 6.89 34
TCT 33 v Bos taurus Phalanx 44.13 16.16 —16.48 6.51 32
TCT 30 v Cervus elaphus Radius 44.51 16.11 —20.34 5.90 32
TCT 31 v Cervus elaphus Radius 42.68 15.12 -20.51 3.09 33
TCT 60 v Capreolus capreolus Humerus 42.74 15.41 -20.23 5.46 32
TCT 61 v Capreolus capreolus Humerus 45.49 16.50 -21.15 4.89 32
TCT 22 v Capreolus capreolus Humerus 43.49 15.87 —18.29 4.51 32
TCT 35 v Capreolus capreolus Radius 42.22 15.34 —19.93 5.83 32
TCT 36 v Capra pyrenaica Metacarpus 42.88 15.54 —20.81 4.66 32
TCT 40 v Capra pyrenaica Tibia 42.32 15.40 —20.49 5.01 32
TCT 59 v Capra pyrenaica Metacarpus 41.04 14.79 —19.64 3.65 32
TCT 54 v Capra pyrenaica Ulna 37.36 13.68 —19.89 3.32 32
TCT 39 v Vulpes vulpes Scapula 42.58 15.62 —18.85 7.11 3.2
TCT 65 111B Sus domesticus Maxilla 40.34 14.98 —20.63 5.30 32
TCT 66 1B Sus domesticus Maxilla 41.19 15.02 —20.70 4.28 32
TCT 78 1B Sus domesticus Radius 41.89 15.26 -21.26 7.04 32
TCT 83 1B Sus domesticus Radius 42.39 15.36 -20.51 5.96 32
TCT 91 1B Sus domesticus Radius 42.98 15.39 -20.84 5.87 32
TCT 92 1B Sus domesticus Radius 44.23 16.20 —20.76 4.90 32
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Table 2 (continued)

Site Specimen ID Phase Species ID Skeleton part %C %N 813C(%o) 815N (%0) C:N
TCT 101 1B Sus domesticus Radius 40.42 14.60 -21.02 3.78 3.2
TCT 102 111B Sus domesticus Maxilla 41.17 14.88 —21.00 6.10 3.2
TCT 68 111B Ovis aries Radius 38.44 13.94 -20.83 4.47 32
TCT 71 111B Ovis aries Humerus 42.08 15.21 -20.67 4.45 3.2
TCT 73 111B Ovis aries Metacarpus 42.57 15.53 —19.02 6.90 3.2
TCT 74 111B Ovis aries Humerus 43.35 15.89 -20.37 6.80 32
TCT 75 111B Ovis aries Humerus 43.12 15.70 —20.82 5.39 32
TCT 79 111B Ovis aries Humerus 38.87 14.20 -20.53 5.84 32
TCT 80 111B Ovis aries Radius 41.46 14.98 —20.67 5.02 32
TCT 81 11IB Ovis aries Metacarpus 43.33 15.60 —19.85 7.04 32
TCT 99 11IB Ovis aries Radius 44.98 16.40 —20.85 3.95 3.2
TCT 93 11IB Capra hircus Ulna 44.56 16.18 —-17.92 4.40 3.2
TCT 72 1B Capra hircus Ulna 42.98 15.62 —19.78 4.52 3.2
TCT 77 1B Capra hircus Ulna 40.99 14.91 -20.42 431 3.2
TCT 84 1B Bos taurus Phalanx 39.33 14.42 —-16.48 6.54 3.2
TCT 94 1B Cervus elaphus Tibia 44.90 16.36 —19.96 4.31 3.2
TCT 96 1B Cervus elaphus Tibia 44.36 16.08 -20.34 4.31 3.2
TCT 103 111B Cervus elaphus Metacarpus 44.27 16.10 -20.23 3.06 3.2
TCT 69 1B Capra pyrenaica Radius 41.71 15.11 —20.06 4.54 32
TCT 82 1B Capra pyrenaica Radius 43.26 15.68 —20.88 4.03 32
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Fig. 3 Plot of bone collagen 8'C and 8'°N values of faunal remains from El Toro cave (Antequera, Malaga). A Phase IV, B Phase I1IB

0.0009). The average 5'°N values ranged from +5.7 + 0.9 %o
(Phase IV; n =19) to +5.4 + 1.1 %0 (Phase IIIB; n = 8) and
were statistically indistinguishable (p = 0.435). In Phase 1V,
there were no statistically significant differences between pig
and wild and domestic herbivores’ 8'>C values (wild herbi-
vore, p = 0.202; domestic herbivore, p = 0.377). The pig BN
values were enriched by 0.01%¢ compared to the wild her-
bivores (p = 0.005). Between pig and domestic herbivores,
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the statistical results of 8'°N values were indistinguishable
(p = 0.772). In Phase IIIB, 8'C values between pigs and
wild herbivores were statistically different (p = 0.025). The
8!°N values of pigs were significantly higher by an aver-
age of 1.3%o compared to wild herbivores (p = 0.025). In
contrast, there were no statistically significant differences in
8'3C and 8'°N values between pigs and domestic herbivores
(p =0.890 and p = 0.925, respectively) (Figs. 3 and 4).
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Fig.4 Plot of mean 8'3C and 8"°N values (+ 1o s.d.) of faunal remains from Phase IIIB (blue) and Phase IV (red) of El Toro cave (Antequera,

Malaga)

Finally, carnivores were only represented by one indi-
vidual (V. vulpes) from Phase IV. The §'3C value was
—18.85%o0, and the 8"°N value was 7.11%o.

Discussion
Cattle and domestic caprine management strategies

The 8'3C values of the specimens analysed in El Toro cave
ranged between —21.15 and —16.48%o, reflecting the domi-
nance of C; carbon in their diets. As expected, the herbivore
8!3C values suggest a terrestrial environment dominated by
open C3 plants (DeNiro and Epstein 1978; O’Leary 1988).
According to a carbon isotope fractionation of ~5%o between
whole plants and consumer’s bone collagen (Ambrose and
Norr 1993) and a correction ~ + 1.5%0 due to the fossil fuel
effect when applied to pre-industrial ecosystems (Friedli
et al. 1986; Hellevang and Aagaard 2015), 8'3C values close
or higher than —19%. in herbivorous species could result
from the consumption of drought-resistant or dry vegeta-
tion, such as shrubs (Filella and Pefiuelas 2003). In con-
trast, plants grown in closed environments produce lower

8'3C values (O'Leary 1981; Tieszen 1991). During the early
Holocene, the deciduous mesophilic trees such as birch (Bet-
ula pendula) and oak (Quercus robur), with more elements
of the xerothermophilic maquis and pinewoods coastward,
dominated the landscape of the Antequera region (L6pez-
Séaez et al. 2011).

The variation of 8'3C values 8'°N values observed
between cattle and domestic caprines serves as an indica-
tion that these animals fed on plant resources with diverse
isotopic composition. Specifically, cattle exhibit a §'°C
range of 4.67%o and a '’N-enriched by 2.3%c compared
to the wild herbivores. Wild herbivores are generally less
restricted in their ecological niche. In Phase IV, cattle have
a wider range of 8'°C values (=21.1 to —16.48%o) than in
Phase I1IB (—16.48%0). However, the amplitude of variation
of 8"°N values between phases is minimal (0.16%o). The
specimens of Phase IV (ID=33) and Phase II1IB (ID= 84)
form a distinct isotopic group (Figs. 3 and 4). Two hypoth-
eses can be considered. Firstly, the low representation per-
centages and MNI of cattle (Phase IV, NISP = 69; MNI =
3; and Phase IIIB, NISP = 48; MNI = 3) compared to the
rest of the domestic species suggest that cattle would not
be a frequently consumed resource in the cave. The narrow
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8'3C range of wild herbivores could indicate that these cat-
tle could be tentatively associated with non-local animals,
raised elsewhere and brought later to the site. Martin-Socas
et al. (1999, 2004) suggest that El Toro cave might have
been part of a regional trading network. The authors sup-
port this hypothesis by pointing to the recovery of malaco-
fauna, ichthyofauna, raw materials and plant remains that
were not sourced from the immediate area of the cave. For
example, the recovery of ichthyofauna or malacofauna sug-
gests frequent movements between the mountainous area
and the coastal zone, which is approximately 35 km south
in a straight line (Martin-Socas et al. 2004). Moreover,
shrubs and branches collected over a wide geographical
area, around the cave to the basal areas of the mountains,
were documented inside the cave (Bux6 1997; Lopez-Saez
et al. 2011; Martin-Socas et al. 2004; Rodriguez-Rodriguez
et al. 1996). For example, Pistacia sp. and heather (Calluna
vulgaris) require decalcified soils or mastic tree that requires
areas sheltered from the cold or warmer areas than those
existing in the Sierra del Torcal (Martin-Socas et al. 2004).

Secondly, the cattle may have had access to nearby pas-
tures, and the change in 8'°C values could be a consequence
of the changing environmental conditions. The first signs
of anthropization in Sierra de El Torcal are detectable from
the second half of the sixth millennium cal. BC and are
associated, in many cases, with deforestation caused by fire
(Lopez-Saez et al. 2011). In the fifth millennium cal. BC
(Phase IIIB), livestock practices significantly transformed
the landscape of Sierra de El Torcal, resulting in vegeta-
tion degradation and the proliferation of understory and
scrub species (Martin-Socas et al. 2018; Rodriguez-Ariza
1996, 2004). Similar transformations have been observed
in Cueva de Los Murciélagos (Cérdoba) and Polideportivo
de Martos (Jaén) (Lizcano 1999; Rodriguez-Rodriguez et al.
1996). Conversely, ’N-enriched in animals may indicate
consumption of '°N-enriched plants fertilized with manure
(Bogaard et al. 2007; Yousfi et al. 2010; Makarewicz 2014).
This 'N-enriched may suggest the consumption of agricul-
tural by-products that were fertilized with manure, a phe-
nomenon documented in various Neolithic contexts across
Europe (Bogaard et al. 2013; Fraser et al. 2011). The high
values of 8'°N could indicate cattle accessing cultivated
fields. However, the impact of animal dung on plant 8'°N
values is highly variable and depends on factors such as
manuring frequency and type of fertilizer (Fraser et al. 2011;
Szpak 2014). In El Toro cave, cereals such as naked wheat,
naked barley and dressed barley and legumes such as len-
tils, broad beans and pebbles have been documented (Buxd
1997). However, the number of cattle samples from Phase
IV (NISP=2) and Phase IIIB (NISP=1) is too small to lead
to conclusive interpretations.

Domestic caprines are the most common taxon in El
Toro cave during Phase IV (Ovis/Capra NISP = 1195;
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sheep NISP = 222; goat NISP = 146) and Phase I1IB
(Ovis/Capra NISP = 661; sheep NISP = 136; goat NISP
= 105), with sheep slightly outnumbering goats. Slaugh-
tering patterns of caprines in Phase IV and Phase I1IB
suggest a primary focus on meat production, evidenced by
animals being killed between 6 and 24 months old. Still, a
significant percentage of animals killed before 6 months
old. Such early slaughtering of animals is commonly
associated with either milk production for human con-
sumption or the acquisition of high-quality tender meat
(Oueslati 2006). Furthermore, in El Toro cave, evidence
of dairy consumption has been provided (Tarifa-Mateo
et al. 2019).

As already pointed out by Watson et al. (2004), the
archaeozoological and microstratigraphic analysis of the site
confirmed that caprine penning inside the cave during Phase
IV and Phase I1IB (Egﬁez et al. 2016). The intensity of the
cave’s occupation during Phase IV is evidenced by abundant
microscopic fragments of charred seeds and ceramics and
burning events commonly found in caprine penning contexts
(Egiiez et al. 2016).

The isotopic analysis of domestic caprines shows a wide
range in 8'°C values, particularly in sheep (Phase IV =
3.18%o0; Phase IIIB = 1.83%0). Goats show differentiated
ranges between phases (Phase IV = 0.17%o; Phase I1IB =
2.50%o¢). A wide range in 8'°N values is also documented.
The 'N-enriched values of sheep (0.63%¢) and goats
(0.36%0) were lower than those documented for sheep in
Phase IIIB (1.49%0). Conversely, goats maintained a con-
sistently low value in Phase IIIB (0.9%o). These wide
ranges in 8'°C and 8'°N may result from various factors,
including different grazing areas, herd movement, fodder-
ing strategies or management strategies of stabling areas.
If there were seasonal herd movements, they might not be
discernible from the analysis of carbon and nitrogen stable
isotopes in bone collagen. Three hypotheses are considered.
Firstly, the access of flocks to diverse pastures enriched in
5N by manure might explain the variability in §'°N values
observed between Phase IV and Phase IIIB. During Phase
IV, wild plants constituted 62%, and cultivated plants only
constituted 39% of the human diet (Bux6 1997). Phase I1IB
represents a systematic occupation of the cave (Martin-Socas
et al. 2004), with an intensification of agriculture and an
increase in the importance of cultivated species (cereals as
wheat, hulled barley, barley and legumes such as lentils and
broad beans) versus wild species (acorns) in the cave (Bux6
1997). Differences in isotopic values between sheep and
goats could be conditioned by their distinct dietary prefer-
ences and needs (Vaiglova et al. 2014), as well as docu-
mented grazing habits during early Neolithic at La Draga
site (Navarrete et al. 2019). The recorded values for El Toro
cave are lower than those documented in the European con-
text (Bogaard et al. 2013). However, it aligns with the values
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recorded for the northeast of the Iberian Peninsula (Navar-
rete et al. 2017, 2023).

Secondly, variability 8'3C and 8'°N values could be due
to foddering strategies. 8'°N values could reflect the con-
sumption of agricultural by-products such as crop stubble
and other plants used as fodder. Moreover, the increase in
15N is not homogenous in plants, especially with manured
cereal straws potentially being depleted in >N compared to
grains and legumes (Bogaard et al. 2007, 2013). The docu-
mented presence of collected bushes and branches such as
Pistacia sp. and heather inside the cave (Bux6 1997) sug-
gests that these resources might have complemented the diet
of herds. Additionally, evidence of domestic activities within
the cave, including processing and preparation of cereals and
legumes for human consumption (Egiiez et al. 2016; Martin-
Socas et al. 2004) supports the hypothesis that the agricul-
tural by-products were provided to the flocks. The neonate
and infantile individuals recovered in the El Toro cave (30%
of total of domestic caprines) suggest that animal fodder-
ing practices likely played a crucial role in maintaining the
nutritional health of sheep mothers, vital for the survival of
the lambs (Mellor and Stafford 2004).

Thirdly, the ' N-enriched values could result from confined
feeding environment, such as a stable. This enrichment may
occur due to the use of fodder and the presence of manure.
Livestock manure is typically >N-enriched compared to
fodder (Bogaard et al. 2007; Commisso and Nelson 2006).
Continuous use of the area where animals are housed can
potentially enrich the soil with >N (Commisso and Nelson
2006). In this sense, micromorphological analyses at El Toro
cave indicate caprine stabling practices inside the cave (Egﬁez
etal. 2016).

Pig management strategies

Pigs are likely omnivores and opportunistic feeders (Macdonald
and Barrett 1993; Schley and Roper 2003). As omnivores, in
the composition of collagen pig bone, nitrogen isotopes can
come from both animal and plant proteins. Traditional pig hus-
bandry may have involved home-based systems with complete
to partial stabling near settlements or extensive herd manage-
ment in semi-free to free-range regimes. This practice has
been observed in modern traditional communities in northern
Mediterranean (Albarella et al. 2007; Hadjikoumis 2012) and is
also documented for prehistoric groups in Europe (Balasse et al.
2016) and in Northeast and Central Pyrenees of the Iberian
Peninsula (Navarrete et al 2017; Villalba-Mouco et al. 2018).
At El Toro cave, the amplitude of variation for §'°C val-
ues of pigs is similar to that of wild herbivores (1.73%o),
and their absolute 8'3C values generally overlap with the
herbivore data. There are no significant difference in average
89N values between phases (Phase 1V, 4.63%o; Phase I1IB,
4.05%0), and the I5>N-enriched values (Phase 1V, 3.26%o;

Phase I1IB, 3.40%o0) do not comprise the variation range of
strict and wild herbivores at the site (2.8%o) (Figs. 3 and 4).

The diversity in '°N-enriched values indicates fluctua-
tions in local livestock management practices (Navarrete
et al. 2017). This suggests the pig diet may have mainly
consisted of plant products, animal protein and agricultural
by-products (cereals, pulses). Two management strategies
align with these conditions. One involves household-level
regimes or enclosed pigs. These pigs would mainly feed on
plants (ground cereals and legumes), potentially supple-
mented with domestic leftovers, including animal products.
This could result in higher 8'°N values in pigs than local her-
bivores, though also depending on the quality and propor-
tion of protein in their diets (Balasse et al. 2016; Madgwick
et al. 2012; Miildner and Richards 2005). The high §'°N
values (~ 6.5—-7.6%o) in some pig specimens could indicate
some degree of manuring effect, which could then trans-
fer to pig collagen through consuming animal products and
waste. High values of 8'°N are also documented in in pigs
from Can Sadurni cave and Reina Amalia-Caserna de Sant
Pau sites (northeast Iberian Peninsula) during the Neolithic
(Navarrete et al. 2017).

Second, pigs reared in semi-free or free-range systems
would obtain most of their nutrients from available plants,
although this does not exclude some consumption of small
animals or insects and worms, as well as human food waste
(Hamilton and Thomas 2012). Within this management
strategy, we might expect pig collagen 8'°N values to be
similar or close to local herbivores (Madgwick et al. 2012,
2013). Similar interpretations have been proposed for pre-
historic pigs possibly raised at the household-level with a
mostly herbivorous diet (Balasse et al. 2016) and for modern
pigs raised in traditional farming communities (Hadjikoumis
2012). Plant-based diets have been documented in the north-
east Iberian Peninsula in sites of El Frare cave, La Draga and
Serra de Mas Bonet (Navarrete et al. 2017) and in Central
Pyrenees (Villalba-Mouco et al. 2018).

The pigs in El Toro cave present high variability in §'°N
values, but this is not directly related to size. While there is
considerable variability in pig size in the Iberian Peninsula
(Navarrete and Safia 2017), the pigs from El Toro cave have
a size associated with the domestic form according to the
standardized criteria published by von den Driesch (1976)
and Payne and Bull (1988). In addition, mortality profiles
that these animals were mostly slaughtered between 14 and
21 months old and between 36 and 42 months old, when
their reproductive capacity begins to decline. This mortal-
ity pattern has been documented in extensive pig-rearing
livestock models of ethnographic societies (Hadjikoumis
2012). In extensive regimes, pigs are slaughtered at around
12 and 24 months old, while in intensive regimes, they are
slaughtered younger, a consequence of faster fattening due
to their strictly controlled diet (Hadjikoumis 2012). Even
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though the cave was seasonally occupied, during Phase IV
and more intensively in Phase IIIB, and caprine penning
inside the cave has been documented, there is no evidence
of this practice in the case of pigs (Egiiez et al. 2016). In this
sense, the variability of isotopic data and archaeozoological
data could indicate several feeding strategies for pigs.

Conclusion

Husbandry practices played an essential role in the economic
strategies of El Toro cave during the Neolithic. Domestic
species show a high percentage of representation compared
to wild species. Among domesticates, caprines were most
common, followed by pigs and cattle. Slaughtering patterns
suggest meat was the focus of animal exploitation during
Phase IV and Phase IIIB, especially for pigs and cattle. For
caprines, meat-producing specimens dominated during
Phase IV and Phase IIIB, although a significant increase in
neonatal and infantile remains was recorded in Phase IIIB.
This could suggest caprine birth in the cave, and the occur-
rence of slaughtering in the first 2 months is often associated
with milk production (Vigne and Helmer 2007). Phase IIIB
coincided with an intensification of agricultural practices
with the synchronic use of the cave of humans and animals
cohabitation (Martin-Socas et al. 1999, 2004).

Isotopic results from domesticates exhibit an extensive
range of 8'°N and 8'3C values and provide evidence for
diverse husbandry strategies and foddering regimes in El
Toro cave during the Neolithic. The wide-ranging herbivore
8!°N values from Phase IV and Phase IIIB suggest graz-
ing on vegetation with a variety of 8'°N values, potentially
reflecting different manuring degrees on the fields. The iso-
topic heterogeneity in cattle suggests that the individuals
are likely to come from disparate areas rather than just the
immediate locality. Pigs were subjected to various fodder-
ing regimes, with high 8'°N that may indicate a diet with
animal protein and/or agricultural by-products. In addition,
the age of killed pigs suggest a possible extensive regime.
Homogeneity in their 8'°C, similar to wild herbivores, may
indicate their management at the local level.

In sum, this study provides new insights into Neolithic
husbandry practices and presents new perspectives for ana-
lysing animal foddering strategies in mountain areas. In
the future, the integration of these results with analyses of
oxygen and strontium isotopes will help us understand the
nature of mobility and the provenance of domesticates.
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