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Abstract This study examines strontium, oxygen, and car-
bon isotope ratios (87Sr/86Sr, 6180, 613C) in dental enamel
and bone apatite from 82 individuals interred at Late
Neolithic, Chalcolithic, and Bronze Age burial sites near
Madrid, Spain, to discern variations in dictary patterns and
identify possible migrants. Questions about mobility pat-
terns and subsistence practices have played a central role in
the scholarship of Late Prehistoric central Iberia in the last
20 years, but the archaeological record has still not been
able to provide clear answers. This study adds valuable
data to this line of research. The results of this study sug-
gest that migration from regions with different geologic
landscapes was uncommon in these communities. For the
identified migrants, based upon the *’Sr/*Sr values, sev-
eral of the identified non-local individuals originate from
regions with substantially older lithological features and
possible places of origin are being investigated. As it is
not possible to discern individuals who may have moved
from regions with similar geologic landscapes using this
methodology, these data provide the minimum number of
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migrants, and it is conceivable that the number of non-
locals in this sample may be higher. Combining multiple
lines of material and biological evidence and the comple-
tion of Sr isotope mapping in the Iberian Peninsula will
help to clarify these findings. Stable carbon isotope data
provide new and direct evidence of regional changes in
consumption patterns. In particular, this study provides
some possible evidence for the consumption of C, plants
in third-millennium BC central Spain.
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Introduction

This study uses strontium, oxygen, and carbon isotope ra-
tios (87Sr/868r, 6180, 613C) in dental enamel and bone ap-
atite from 82 humans interred at Late Neolithic, Copper,
and Bronze Age sites in Central Spain in order to identify
mobility patterns and potential variations in dietary pat-
terns. For decades, mobility and pastoralism have been
key themes in the scholarship of central Iberian Late
Prehistory (e.g., Maluquer de Motes 1972). This has been
largely due to a combination of two factors. First, semi-
nomadic pastoralism has traditionally been considered the
preferred subsistence practice in the environmental condi-
tions of the Spanish Meseta, which, with a 600-m-high
Tertiary plateau, has a pseudo-steppe landscape, with
patches of cereal fields, oak woodlands (mostly Quercus
ilex and Q. faginea) and shrubs, dry and hot summers, and
cold and rainy winters. Second, prehistoric settlement lo-
cations favored river basins, where rich soils and perma-
nent pasture lands can be found, and the archaeological
record for this time is defined by reiterative clusters of pit
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features, with scarce evidence for dwellings and an ab-
sence of deep-stratified sites. These features further sug-
gest that semi-nomadic pastoralism—perhaps combined
with seasonal, rainfall agriculture—was the major mode
of subsistence (e.g., Blasco 1994). Thus, although this in-
terpretation was first challenged two decades ago (Diaz-
del-Rio 1995), most scholars still agree that there is evi-
dence for some degree of population mobility in this region
and time, especially when compared to their contemporary
southeastern and subsequent Iron Age populations (cf.
Blanco 2011; Lull et al. 2013).

Our knowledge of prehistoric subsistence strategies in
Central Spain has frequently relied on a poorly preserved ar-
chaeological record, with fragmentary, commingled, and, of-
ten only partially studied, faunal collections. Part of this pat-
tern has changed throughout the last decades, as a result of the
boom and bust cycle of the construction bubble in Central
Spain and its effects on the exponential increase of open-
area excavation of sites. Although analyses of most faunal
collections remain incomplete and we consequently lack a
comprehensive synthesis, today we know that Late
Prehistoric groups relied heavily on a combination of domes-
tic animals (in order of importance: cows, sheep/goats, and
pigs) and opportunistic and seasonal hunting of wild fauna
(Liesau 2011: 168).

Unfortunately, our understanding of agricultural strategies
in late prehistoric central Spain is even less advanced.
Systematic flotation has not been used as a standard practice
during the excavation boom in the region, and when applied,
results have often had poor recovery rates (e.g., Diaz-del-Rio
et al. 1997). Accordingly, our information on cultivated crops
is derived from a limited number of sites and contexts and it is
likely not representative. Nevertheless, we have evidence that
wheat, barley, and legumes are present in the area from the
Early Neolithic onward, although we lack information as to
their probable variations through time.

While, in the past, the scarcity of faunal and
palaeobotanical information has impeded the study of patterns
of prehistoric human dietary change, new approaches are now
possible. Extensive excavations of burials have provided an
ample amount of recovered human remains. Many of these
assemblages have been well mapped, dated, and analyzed,
resulting in detailed reports and publications and provide the
basis for work promoting a regional synthesis (Aliaga 2014;
Pérez-Villa 2015). As the mobile or sedentary nature of pre-
historic groups is at the heart of the discussion of prehistoric
social structure and subsistence patterns, isotopic analyses of
human remains are an effective and timely alternative to other
standard bioarchaeological methods. This is because stable
and radiogenic isotope analyses provide a way to quantify
the diet and mobility patterns of individual humans and ani-
mals and, when such data are combined, these patterns in
prehistoric communities.
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Methods

Isotope analyses of archaeologically recovered human re-
mains have become a significant part of archaeological and
bioanthropological research because these analyses can pro-
vide a record of diet and mobility patterns from prehistoric
communities. Many general reviews of isotopic research in
archaeology have been published (cf. Ambrose and
Krigbaum 2003; Katzenberg 2008; Makarewicz and Sealy
2015; Schoeninger and Moore 1992), and the body of work
related to these methodologies continues to expand.

Strontium isotopes are incorporated into the tissues of
plants, animals, and humans through nutrient intake. The iso-
topic composition of this bioavailable Sr depends on the local
geology (the types and age of rocks) and the types of soils and
sediments in the subsurface. As dental enamel is formed dur-
ing childhood and not subsequently remodeled, its ®’Sr/*Sr
ratio records the geologic signature of an individual’s child-
hood landscape (Beard and Johnson 2000; Price et al. 1994).
Oxygen isotope values (5'*0) provide information about wa-
ter sources and can also be used to distinguish between plants
and animals from different geographic locations (Stuart-
Williams et al. 1996; White et al. 2004). In particular, 5'%0
depletion is associated with increased precipitation and/or
lower temperature (Bradley 1999; Price and Burton 2011:
91-92). In bone and enamel apatite, 8'3C values are used to
evaluate patterns of plant and animal consumption within the
whole diet (Krueger and Sullivan 1984; Lee Thorp et al.
1989).

For the ®’St/*®Sr analysis, enamel surfaces were cleaned
with acetone and the top layer of enamel was removed.
Next, a small amount of enamel (10-15 mg) was removed
with a Dremel tool. Enamel was removed from the tooth in
a lengthwise fashion from the crown tip to root in order to
incorporate enamel from the entire time of crown formation.
Bone samples were cleaned and ground into powder using a
Dremel tool. Strontium was extracted from acid-digested
enamel samples using Sr spec ion-exchange resins in the
University of lowa Department of Earth and Environmental
Sciences clean lab (Waight et al. 2002; Waterman et al. 2014).
87S1/8°Sr ratios were obtained by running each sample on the
Nu Plasma HR multicollector inductively coupled plasma-
mass spectrometer (MC-ICP-MS) housed at the University
of Illinois Department of Geology MC-ICP-MS Laboratory.
88Sr voltages were monitored to insure that samples had Sr
concentrations sufficient for accurate measurement with the
MC-ICP-MS. *’St/*“Sr ratios were accepted when **Sr was
measured between 5 and 19 V. All ratios were normalized to
the NIST 987 international strontium carbonate standard value
of 0.710268 (McArthur et al. 2001), which had a reproduc-
ibility of £0.000050 (2 SD, n = 91).

When looking to identify non-local individuals in a burial
population, the local bioavailable ®’Sr/*¢Sr isotope
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composition must first be defined. There are two established
methods used to estimate the local *’St/*°Sr range for archae-
ological samples when regional ®’St/*°Sr maps are not avail-
able: (1) the mean of the human dental enamel analyzed +2
SD (Bentley et al. 2004; Price et al. 2002) or (2) the mean of
the local faunal remains analyzed +2 SD. For the fauna, it is
best to have animals with very limited geographic ranges (e.g.,
rabbit or snails) recovered from the same archaeological sites
as the human samples (Bentley et al. 2004; Price et al. 2002).
Price et al. (2002) suggest that samples from larger fauna be
included, to better understand the migration ranges of multiple
species that may relate to human migration patterns. In accor-
dance with these suggested practices, the local bioavailable Sr
composition range in this study is defined by 2 standard devi-
ations from the mean of the combined selected human
87S1/%°Sr ratios. The calculations were first done with all of
the human samples. Next, because the bone sample are more
likely to be contaminated with the local *’Sr/*°Sr ratios of the
burial soil and first molars that may contain *’Sr/**Sr ratios
from breast milk, these samples were excluded from a second
set of calculations. Ratios from the local fauna (n = 15) were
also examined to help calibrate the local range (Table 1).

For the 8'3C and 5'®0 data, all bone and tooth samples
were sent to the Laboratory for Archaeological Science at
the University of South Florida for processing. There collagen
and apatite samples were obtained using the techniques de-
scribed by Tykot (2006). All collagen yields and C/N ratios in
collagen were measured, as yields of less than 1% have been
found to be too degraded for reliable analysis, and C/N ratios
between 3.7 and 2.9 are generally found to indicate good
preservation (DeNiro 1985; Tykot 2002). In order to remove
any non-biogenic carbonates that may have leached into the
bone apatite from the burial environment, all bone apatite was
pretreated with a buffered acetic acid solution. Such treat-
ments have been found effective in removing postmortem
contamination while retaining the in vivo isotopic signature
(Koch etal. 1997; Tykot 2002). The faunal bone samples were
analyzed for carbon, nitrogen, and oxygen isotopes using a
CHN analyzer coupled with a Finnigan MAT Delta Plus stable
isotope ratio mass spectrometer using continuous flow for the
bone collagen, and a Finnigan MAT Delta Plus instrument
using a Kiel III device with 100% phosphoric acid at 90 °C
was used for the bone apatite and enamel samples.

The carbon and oxygen ratios are reported using the delta (9)
notation and calibrated to an international standard using the
following standard formula: § = [(Rgampie/
Rgtandard) = 1) ¥ 1000], where Rgmpie is the ratio of the heavy
isotope to light isotope in the sample (e.g., "*C/"2C or '>N/'*N),
Rgtandara 18 the ratio of the heavy isotope to light isotope in the
reference standard, and $ is the difference in isotopic composi-
tion of the sample relative to that of the reference, expressed in
parts per thousand (%o) (see Tykot 2006). The §'*C and 5'%0
notations are calculated using ambient inhalable reservoir

(AIR) and the Pee Dee Belemnite (PDB) standards. The ana-
lytical precision of the employed instrument was +0.1%o for the
5'3C data and +0.2%o for the 6'%0 data.

Regional context, selected sites, and samples

In this study, the geographical research area is essentially di-
vided into two structural-lithological regions: the northern si-
erras and the southern Tagus river basin. Sierras were formed
during the Cenozoic, out of igneous and metamorphic rocks of
the Paleozoic granite shelf plateau. The Tagus basin is mainly
composed by detrital rocks (sands and marls) with some
chemical and lacunar facies (gypsum and limestones)
(Instituto Geolodgico y Minero de Espaiia 1988). The region
has its highest point at 2430 m and the lowest at 430 m.a.s.1,
and has a substantial spatial ecological variability. All 15 sam-
pled sites belong to the basin and are mainly distributed along
the Tagus and its tributaries (Fig. 1). To date, there are no
excavated Late Prehistoric sites in the sierras, and later sites
have poor preservation of bone samples. The samples in this
study thus cover a 90-km-long transect cutting through the
Tagus river basin, from the 800 to 600 m.a.s.1., distributed
throughout Quaternary, Cenozoic, and Cretaceous formations.

Late Neolithic settlement sites are virtually unknown in the
region. It is currently assumed that groups were somehow
small and mobile, all of which would explain the general lack
of archaeological evidence. When found, sites are typically
defined by clusters of underground features, frequently
interpreted as storage pits and other domestic facilities
(Diaz-del-Rio 2006: 68—70). A generalized expansion of set-
tlement sites is documented throughout most of Iberia during
the Copper Age (3100-2200 cal BC). Like many other regions,
the Tagus basin flourishes with settlements that largely cluster
throughout the most fertile river banks: a region like Madrid,
with its 8000 km? virtually surveyed, shows a shift from just
31 Neolithic to over 500 possible Copper Age locations. Sites
are again defined by underground features, now in dense clus-
ters that extend from one to occasionally over 10 ha. The main
features that define this period are ditched enclosures (Diaz-
del-Rio 2004), evidence nowadays widespread throughout
most of Iberia (Jiménez-Jaimez 2015). Finally, Bronze Age
sites are frequently smaller, with similar locations, and again
comprising pit clusters of different extensions. Perhaps, their
most salient features are the lack of enclosures and the gener-
alized presence of individual burials adjacent to other domes-
tic facilities (Diaz-del-Rio 2006: 75).

Certainly, the region is known to have a considerable fu-
nerary record for both the Copper and Bronze ages (Aliaga
2014; Pérez-Villa 2015). Although there is funerary evidence
over most of the course of the Late Prehistory, it peaks by the
mid third millennium Bc (Fig. 2), coinciding with the demise
of ditched enclosures throughout the region. While this

@ Springer



Archaeol Anthropol Sci (2017) 9:1439-1452

1442

0y—  TOI- 8TS61  $960L°0 N vd S[tueAns & 'Y €0T1 9N 7 quoL, (V) s9[eooLag o] 143
8¢ 60I- LTS61  6S60L°0 N vd 13npy w TY €0TI dN Z quoL  (dV) sd[edoLidg SO €€
re-= I'll= 97s6l  S960L°0 IN vd 13npy w 8011 AN T qWOL  (dV) sd[edo1dg S0 [43
0¢e—  ICI- §Ts6l  10TILO W vd 1 apy ¢ LS8 SOJOJN 9p Bisld 1€
L60IL0 qd vd AIYNnpY W (€W 096 SOJOIN 9P ®isld 0¢

6871L°0 W vd AINNPY J (1D 096 SOIOIN 9p Bisld 6C

Ire— vll- ¥YCs6l  6980L°0 A\ vd 1 py w 949 SO[ILHOYD SO 8¢
ce- 8TI- €CS61  SL8OLO N NT AL NPY w yeel elonyges e LT
2960L°0 Qi vd [py w (Tw eV §T 10d BSay( ®] 9¢

£€e— 901 ¢cs6l  9S60L°0 W vd StusAnf J Y44 §C 10d BSaye( B 94
Le=  601- Icsel  S00ILO N vd 11 yuejug 2 6V €d GT '1od esaya ®1 144
e TlI- 0cs6l  TL60LO [44\ vd 11 yuejug 2 6V €d ST '1od esayeQ ®] €C
97— 8glI- 61S61  ¥00IL0 I vd 11 yueju] 2 MTTY ST '1od esoyeQ ¥ [44
I'v— S6— 81561 6¥60L°0 N vd 13npy u €0¢ce L80 zonbzon 1T
1960L°0 ey (s vd AL NPV J YOLI L80 zonbzon 0T

e €01 LIS6L  9L60L0 N vd 1 1pv 2 €0¢ L80 zonbzon 6l
6V60L°0 ey [yS vd nmpy - ¢ $08C L80 zonbzon 81

6C—  80I- 91S61  9160L°0 [44\ vd 11npy w 140194 L80 zonbzon Ll
0v—  S0I- SIS61  8¥60L°0 N vd [npy w y0ce L80 zonbzon 91
6C—  VO0I- PIS6L  9960L°0 N VO [1py ¢ (Tw og1s L0 zonbzon Sl
Le= Tll= €161 1660L°0 [44\ vd Hpy 2 (TW 2091 $80 zonbzon 4!
0260L°0 N VO nnpy ¢ 1€06/0€06 L¥0 zonbzon €l

g 01— clsel  TITIL0 N vd Hnpy A (1w 2091 680 zonbzon 4!
6¢—  LOI- 11661  S€60L°0 N VO nnpy ¢ (4414 L0 zonbzon 11
ge-  011- 0Is6r  9901L°0 N vd nnpy J 66 $80 zonbzon 01
ge-  601- 60S61  0960L°0 IN vd [ yuejup ¢ SLTT $80 zonbzon 6
g€e—  T0I- 80S61  LOOILO IN vd 11 yuegup & Icit BIOA ®] 9p 23uon,{ 8
ge- 61— LOS6T  €911L°0 W vd 11 yueju] 8 €Iclt Tepe[nA [4 L
90S61  60TIL0 I vd [1npV 8 cIel Tepe[nA [4 9

9¢-  0O1I- S0S61  800IL°0 W vd Nopy J ceel 035030 [ S
0e—  VvII- 0S61  ¥T60L°0 W vd I Npy J yeel 01s08u0)) [7 4
[l ) €0S61  ¥SOILO W vd I yampy J IAX 21 Opuoq T s9[e1dd 9p OMase)) €
LT~ 86— 0s6l  120IL0 N vd [anpy  w 98%C OINUOIN ese)) 4
ye- Lll- 10s61  100IL0 N vd 1anpy J 18LC OIUOIA BseD) 1
NO  Ng@ P0g9 U0gQ WD Q "OUASN  ISye/IS,e  ISge/1S, , olduwes poLad odwes eune{ CEAA EN nn s ang  -ou “foxg
synsa1 pue sojdwes pazAleuy [ d[qel

pringer

Qs



1443

Archaeol Anthropol Sci (2017) 9:1439-1452

1180L°0 Yol [esodua], VO Juejuy 3 € onprarpuy o[isofjogey 19 69

9180L0  M3u [erodwa], VO Inpy 1A T onpraipuy O[[150[10qY 14 89

0€80L°0 Yo [erodua], VO Inpy 1A [ onprarpuy O[[1S0[10qY 14 L9

07— 0TI- 09S61  LTOTIL'O N vda nnpy 3 9%61 AN 0F QWOL  (4) So[ed01Idg SO 99
8e¢—  9TI- 6SS61  €€TIL0 N vd 13npy J ¥P61 AN 6€ QUOL  (F) Se[ed01Idg SO S9
v'e- 91— 85S6T  €00IL0 N vd 130py ¢ #€61 AN 8¢ qWOL () se[eoo1rdg SO ¥9
LT TTI- LSS6T  L60TL0 N vd 11 npy J 7061 N LE qUOL () se[eoo1rdg soT €9
Y- TIl- 96561 £€60L°0 TN vd manpy  w €081 AN 9¢ quoL,  (d) so[eoorrdd soT 29
I't—  801— GSS6T  TLGOL'O N vd mpy  w P6LT AN SE€ qUOL, () So[eoorrdg soT 19
81— CTII-  #SS61  TTOILO W vd o[ruaAnf & TU9SPI AN €€ quol, () so[eoorrdd soT 09
L= 90I- €5S61  6S60L°0 A vd Inpy ¢ TU9SPI AN €€ quor () sdedorogd soT 65
or—  €11- TSS61  TIOILO N vd [py  w YTP1 N 7€ qUOL,  (F) so[eoorrdg soT 8¢
9¢—  80I- 1SS61  9I11L0 N vd [py  w LTET AN 0 quoL  (F) so[eoorrdg so] LS
8¢—  TTl- 0SS61  9SYIL0 N vd mapy 1921 AN 8T QoL () sd[eoowed S0 9¢
91—  1TI- 6¥S61  €€60L°0 N vd Inpy J 9pCT AN LT QWOL  (H) se[edowdq SO 99
LT ¥IlI- 87S61  0860L°0 N vd T yueguy ¢ ¥PC1 AN 9T QoL (F) se[edomdq SO ¥S
0¢—  ¥II- L¥S6T  90T1L0 N vd 13npy J TUTITI AN STQWOL () so[eoorrdg soT (%9
€T LTI- 9¥S61  1T0TL0 N vd 1npy J 9811 AN T qWoL () so[eoorrdd soT 49
SHS6T  T611L°0 N vd 11 npy J 9LTT AN €T qWOL () se[edomdq SO IS

Tt LTI- ¥PS61  6101L°0 N vd T yueguy ¢ TUTIT AN TTquoL () soqeoorrdd soT 0S
L'e-  0TI- €PS6T  €€60L°0 N vd 13py J TYZ9ITdN gz quol () se[edorod so] 4
90- ¢lI- TWs6l  THOTIL'0 N vd 11 yueyu] ¢ 996 AN Tz QoL () so[eoorrog 0] 8y
9¢— FII- IvS61  LYSIL0 4\ vd o[ruaAnf J 0€8 AN 0T QoL (H) so[eoo1dg soT Ly
ovs6l  1S60L°0 IN vd IIjuejup W 107 9N L1 quoL () so[edordd so] 9t

9  O0l1- 6€S61  9%01L0 N vd mynpy  w SeP AN 91 quoL  (F) so[eoowdg so] 8%
ST-  1Tl- 8¢S61  ISIIL0 W vd 130pY J 0STdN 1 quoL () sd[edoweg so] 144
67—  ¥lI- LESO6T  9660L°0 N vd 130pY ¢ 601 AN €1 quoL () sd[edoweg so] (9%
8-  €1I- 9¢S61  TEPILO N vd ynpy ¢ 9881 N 11 QWOL  (dV) S9[eo0rdg soT w
I'e—  80I- SES61  8TOILO A vd ynpy ¢ 6281 AN 0T qWOL  (dV) Sd[ed01Idg SO |87
L1-  €TI- ¥ES6T  STOTLO A vda [Py ¢ 1281 AN 6 QUOL  (dV) So[eoordd so] (114
9v—  €I1- €€S61  TLSOLO N vd Inpy J Y91 AN L QoL (dV) so[edordd so] 6€
I't—  ¥11- TE€S61  9001L°0 A vd 11 npy J L971 AN S quoL,  (dV) so[eoordd so] 8¢
61-  vTI- 1€561  61T1L°0 TN vda nnpy ¢ ¥STI AN ¥ quoL  (dV) so[eoorrdd so] LE
L'T—  LO0I-  0£S61  0T60L0 JTejowaId vd Inpy J 9LIT AN € quoL, (JV) se[edomog O] 9¢
9c- TlI- 6TS61  €901L°0 (09p) N vd I Juejuy ¢ €Y €0zl dn g quol,  (JV) se[edorog O] e
NO Ng@ PDgQ@ W09 UDQ  "OUASN  ISy/IS,q  ISge/IS,  oldues poupd o[dures eune o3y xe§ nmn g ong  -ou “foig

(ponunuoo) | dqeL

pringer

Qs



Archaeol Anthropol Sci (2017) 9:1439-1452

1444

dlqeynuApIUN ()

€€ LS T  1T-  9€l-  ¥LS6I  SSIILO SqIpueN v adv)[s10 nnpy 8TI1 9N sa[eoOLIdg SO 001
€€ 86 STt—  TO0- TII-  €LS61  TSOILO Qi cdweuopy  smnomnd oo nnpy LTIT 9N sa[eooLIdg SO 66
€€ vy vIt- 90~ LO0I-  TLS6T  6ISOL0 sqipuely  “dwidyuo) sadjna sadjnp nnpy 1 [PAIN/G B18D) o[Iso[[0gaY [ 86
€ 99 I6l- 91— 88 1LS61  6080L0 slqipuey  “dwiduo)  smynonund oo nnpy 1 [PAIN/G B1eD) o[[Is011099Y [ L6
€€ 9¢ 01z~ L€ €l 0LS61  SHOILO snoumy ¢ dwajuo) “ds sndoq nnpy 158 SOJOJA[ 3P BIsId 96
6660L°0 TedreseiR |y v sog  npy 1€ SO[[HI0Y) SO 56

T960L°0 ferpodeloly ve avpuv) nnpy §T "10d vsaya( B 6

ve  ¥6 16—  6¢  YOI-  69S61  SY60L0 aqipueN v  suoyuupfsuv) - juejuy €00T L80 Zonbzon) €6
€€ ¥9 80T 00 STI- 89561  €S60L0 sqipuelN  dwyuo)y  smmonund o840 nnpy €6vT zanbzon 6
¥60L°0 OHQM—UE,NE .QEOHEOQ ‘do.ana SNaODULL :S—v< Sv19 NO—AUNOU 16

€¢ 9 88— ¥I- 91— L9S61  €H60L0 olqipuelN  WOSISIA  SLwyuunfswp)  jujul 65S 0js08u0)) 19 06
Ve ¥L 88— € TIl- 99561  TLTILO aqipueN v dssng  jueyuy TAX 3 OpUOj T S3[eIdd 9p oLase) 68
MN\OONO SnRuIny .QEOHEOU N U\QQ :ﬂﬁ< WNNnO 1 OI2JUOIN mm.mo {8

€¢ 1T 98- 60—  STI-  S9S61  ¥8TIL0 JqIpuRN  POSISIA Smpo sya.{  Jueyu[ vo11 0peasd)) [op ofeg L8
$T-  €11-  €9S61  TTEOL'O TN L) nmpy ¢ 91 onprarpuy oIISo[[0gY [ $8

§780L'0  MySu [eiodway, A nmpy ¢ 91 onprarpuy o[Iso[[0gY [ 8

vb—  601- 79561  9680L°0 A \) nmpy ¢ §1 onprarpuj oINISo[[0gaY 19 €8

8680L°0 oI [eroduwio], VO nmpy ¢ §1 onprarpuj O[ISo[[0gY 14 z8

I'e=  ¥0I-  19S61  8€60L°0 N %) nmpy ¢ 1 onprarpuy O[ISo[[0gaYy 19 8

S180L°0 oI [eroduwio], VO nmpy ¢ 1 onprarpuy o[[1S0[0q9Y [ 08

€980L°0  1yBu [eodway, %) nmpy - ¢ €1 onprarpug o[[Is011099Y [d 6L

1€80L°0  ySu [erodwoy %) nmpy ¢ T1 onpratpuj o[[Is011099Y [d 8L

9¥80L°0  WSu [erodwoy L) nmpy ¢ 11 onprarpuj o[[Is011099Y 19 LL

12800 43U [eiodwid] L) nmpy - ¢ 01 onpratpuj O[[Is011099Y 19 9L

L180L°0  wySu [erodway L) nmpy - 6 onpraIpuy O[[Is01109Y [d SL

7Z80L'0  wySu [erodway, A nmpy 8 onpratpuy o[[Iso][0g9Y [d L

8780L°0  ySu [erodway, L) onuaany ¢ L onpiatpuy O[[Iso[[0g9Y [9 €L

0180L°0  ¥ySu [erodway, A nmpy - ¢ 9 onpratpuy O[[Iso[[0g9Y [d w

6780L°0  wySu [erodway, VO nmpy- ¢ S onprarpug O[[Iso[[099Y [d 1L

8080L°0 oI [erodwid], VO wepup  onprarpuy o[1S0[0q9Y 19 0L

NO N@ @gQ UO0,Q WD Q OUJSN IS IS,q  ISeeS, dlduwes pouag ordures euney By xeg N 'S s ou foig

(ponunuoo) 1 d[qeL,

pringer

Qs



Archaeol Anthropol Sci (2017) 9:1439-1452

1445

increase in funerary activities is initially characterized by col-
lective burial practices, it is progressively substituted by indi-
vidual burials, a pattern that can also be observed in other
regions of Iberia (Balsera et al. 2015: 145).

This variable frequency in burial practices, peaking by
2500 cal BC, has inevitably influenced our sampling strategy,
biasing the collection towards the second half of the third and
the first half of the second millennia, with just one case for the
Late Neolithic, the individual burial of La Ocafiuela (Toledo).
Out of the remaining 13 sites with human samples, the Copper
Age site of El Rebollosillo is the only secondary burial ana-
lyzed. The site is a small natural cave of approximately 23 m?
located in the Cretaceous carbonate rocks of the karstic mas-
sifs immediately south of the Spanish Central Range (Diaz-
del-Rio et al. 2017). It is one out of the several caves formed
during the Pliocene that are known to have sheltered burial
activities throughout Late Prehistory. All the rest belong to
sites located south of the Central Range, in both Miocene
(seven cases) and Quaternary (four cases) deposits. These
are all individual burials except for two infant crania recov-
ered inside the same feature at the Bronze Age site of La
Dehesa. Buried individuals were interred in pits usually in
flexed fetal position, and these burials generally lacked metal
tools or adornments or other grave goods that are often
interpreted as relating to status (Pérez-Villa 2015: 145-160).

Fig. 1 Location of sampled sites.
1 El Rebollosillo, 2 La Dehesa, 3
El Muladar, 4 Bajo del Cercado, 5
Casa Montero, 6 Los Berrocales,
7 El Congosto, 8 Caserio de
Perales 2, 9 Pista de Motos, 10
Fuente de la Mora, //-13
Gozquez 047/085/087, 14 La
Ocafiuela, /5 Los Chorrillos

Altitude (m)

. 2400

The sampled population consists of 13 infants, 5 juveniles,
and 64 adults (Table 1). Biological sex was not assigned in 45
cases, in 12 cases because the individuals were infants at the
time of death, and for the rest, because skeletal preservation
was too poor for determination. Out of the remaining 37, 16
were determined to be male and 21 female. The chronology of
the human sample is as follows: one belongs to the Late
Neolithic, 19 to the Copper Age, and 62 to the Bronze Age.
Dates have been assigned by association with diagnostic items
in 39 cases, while the remaining 43 have been radiocarbon
dated, all directly obtained from human bones except for one
charcoal sample (Table 2). Dates belong to 10 of the 14 sam-
pled sites (contextual details can be found in Aliaga 2014;
Aliaga and Megias 2011; Diaz-del-Rio et al. 2017;
Dominguez and Virseda 2009; Martin Bafion 2007; Pérez-
Villa 2015; Rios 2011).

Because of the variability in preserved material, it was not
possible to sample the same skeletal element from each indi-
vidual. Ideally, second molars would have been selected,
which begin formation during early childhood, but when un-
available, first and third molars were selected, which represent
a formation time period of infancy to early childhood and late
childhood to early adulthood (Smith 1991). For some molars,
when teeth were not recovered in situ, it was not possible to
assign proper tooth designations. For several of the sampled
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Fig. 2 Summed radiocarbon probability distributions for 42 Southern
Meseta’s individual burials (red) and 93 individual and collective
burials (grey). Radiocarbon dates and references can be found at the
“Radiocarbon Date Archive for Andorra, Portugal and peninsular
Spain”: http://www.idearqueologia.org

infants, other teeth were chosen as the adult molars had not yet
formed. In some cases, when dental remains were not avail-
able, the human bone was sampled. As the bone is subject to
diagenetic changes, these materials are less likely to accurately
identify migrants through Sr or O in bone or enamel apatite.
The analyzed faunal remains are more varied chronologi-
cally than the humans. Sites and species were selected in order
to outline an initial plot of the regional Sr signature. Out of the
14 samples from 12 sites, 5 are directly associated to Bronze
Age contexts: Sus, Canidae, Bos, and Ovis/Capra. Although
recovered from Copper and Bronze Age contexts, all rabbits
and hare are most probably intrusive fauna, as is the only
hedgehog sample. Finally, the Felis catus and one of the
Canis familiaris were recovered from Late Antiquity contexts.

Results

The calculations with all of the human data and the human
data with bone samples and first molars excluded yielded the
same local range (Fig. 3). Based on this analysis, the local
range for the surveyed sites in the Madrid region is defined
as 0.707 to 0.713. As all of the fauna data fit within the bio-
available range defined by the human samples, no adjustments
were made based on the fauna. Using this range, we were able
to identify four clear outliers who exhibit *’Sr/**Sr isotope
ratios outside of the local range (0.71489, 0.71432, 0.71847,
0.71456) (Fig. 3). The fact that only 4/82 (4.9%) individuals
can be identified as non-locals suggests that inter-regional
mobility may have been less common in this area than in
Southwestern Spain and Portugal, where slightly higher ratios
of non-locals have recently been identified in Copper Age
burials (Waterman et al. 2014; Waterman 2012). However,
because this methodology cannot identify individuals who
moved from locations with similar geological features and
some of the bone samples may not exhibit migrant signatures
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due to diagenesis, the number of non-locals in this study
should only be interpreted as representing the minimum num-
ber (MNM).

Three of the four identified immigrants from the Bronze
Age site of Los Berrocales are likely female, which suggests
the possibility of a pattern of exogamy in which females marry
outside of their natal community. However, more data would
be needed to establish this as a regional or even a local pattern.
Based on the higher *’Sr/*®Sr ratios, at least three migrants
may have come from regions with substantially older geologic
lithologies such as the nearby Guadarrama sierra (Villaseca
et al. 1998). Based on these findings, mobility may well have
been a strictly regional phenomenon, since distance from
these sites requires less than a 2-day walk.

Data of 5'%0 in meteoric precipitation collected since the
year 2000 by the Spanish Monitoring Network of Isotopes in
Precipitation (REVIP) offer a weighted mean of —7.07%¢ for
the city of Madrid, while offering lower values (—11 to —8%0)
for the central mountain chain (Diaz-Teijeiro et al. 2009).
Diaz-Teijeiro et al. (2009) report that all these values are
strongly tied to factors such as altitude and continentality.
Thus, similar variation should be expected between lower
altitude sites such as ours and samples from the higher sierras,
of which we lack to date.

Our 5'®0 values for humans ranged from —4.6 to —1.6%o
(—3.1%0 mean) (Fig. 4). These values are substantially higher
than contemporary data from precipitation (Diaz-Teijeiro et al.
2009). This difference could relate to isotope fractionation
from water source to consumer, variability in water source,
and/or climatic fluctuations over time. Additionally, these
higher values may relate to the consumption of animal milk.
Based upon the same principles of oxygen isotope fraction-
ation that causes breast milk consumption to result in higher
5'%0 values (Wright and Schwarcz 1998), the consumption of
animal milk may also increase 5'*0 values (Lai 2008). By this
time in prehistory, the gene mutation for lactose persistence
had spread throughout populations in Europe and there is
archaeological evidence of dairying throughout Western
Europe (Gerbault et al. 2011). More data on current environ-
mental and prehistoric values in humans and animals are need-
ed in this region to clarify these findings.

The results of the oxygen isotope analysis did not identify
any additional non-locals, nor did those who exhibited non-
local Sr signatures exhibit 5'%0 values that fell on the high or
low ends of the §'®0 range for the surveyed burial populations
on a whole. The range of 5'%0 values for the sampled fauna
was even larger than for the human population (0.0-4.3%o),
and animals with the highest oxygen isotope values were com-
monly herbivores, such as rabbits, while carnivores and om-
nivores had some of the lowest values. Thus, we cannot tie
these differences fully to trophic level and animal diet.
Instead, this is most likely a result of the wide chronological
distance between samples and evidence that water sources
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across the sampled region were fairly heterogeneous in terms
of 5'%0 values. These findings correspond somewhat to the
observed contemporary pattern of 5'¥0 value variation in the
region. Precipitation, temperature, and regional and seasonal
fluctuations in temperature and rainfall are probably influenc-
ing the observed human and animal variations. Moreover, as
teeth reflect a small window of time during dental develop-
ment, seasonality may be more strongly influential in this
dataset than it would be if we had sampled bone apatite.
While the fauna data are valuable in identifying the variability
of bioavailable oxygen isotopes in the region, sampling water
sources as well as additional fauna in future studies would
help to explain regional patterns.

In strictly C; ecosystems, humans should exhibit a §'°C
apatite or enamel signature of roughly —14%. and in C,4 eco-
systems a 5'>C apatite signature close to ~0. Mixed diets and
environments are suggested by intermediate values (Lai 2008;
Tykot et al. 2009; Kohn and Cerling 2002). §'*C values in
dental enamel ranged from —9.5 to —12.8%o (Fig. 4). There is
no clear correlation between the age or sex of the individual
and the higher 53 C,p values. While in several cases, high
613Cap values in sampled first molars could be due to breast
milk consumption as these teeth form during late infancy and
early childhood, second and third molar exhibit similar, and in
many cases, higher values. Thus, we must look for another
source for this §'*C enrichment.

Two main sources of higher 5'>C values in human diets
come from marine proteins and C, (or Crassulacean acid me-
tabolism (CAM)) plants. As this region is not in close proxim-
ity to the sea, we suggest that certain C4 (or CAM) plants may
have been consumed. Additional isotopic data from bone col-
lagen that includes 6'°N and 5'>C values from these same sites
would help to clarify this dietary information, and a new study
is currently being undertaken to acquire these data. Recently,
Fernandez-Crespo and others (2017: 331) have suggested that
the aridity shown by the palacoenvironmental record for La
Mancha, south of our case-study area, may be behind similar
enriched values obtained from the Bronze Age site of E1 Azuer.
Also, some isotopic enrichment in animal tissues from the Late
Neolithic onward could be linked to the “canopy effect,”
wherein dense forest canopies produce more &'°C-depleted
plants near the forest floor and anthropogenic deforestation
leads to higher 5'°C values in some terrestrial herbivores as
they begin to feed in more open landscapes and/or fallow ag-
ricultural fields (van der Merwe and Medina 1991), while the
use of fertilizers may also lead to slight §'°C enrichment in C;
plants by increasing the soil salinity (Farquhar et al. 1989).
Thus, further information on long-term environmental condi-
tions and agricultural practices in prehistoric Iberia may lend
valuable data to these investigations.

When burial sites with 5'*C data from at least five individ-
uals are compared using # tests, we found that the contempo-
rary burials of Los Berrocales and Gozquez (which lie 15 km

apart) exhibit a highly statistically significant difference in
5'3C values (p = .00006), suggesting strong dietary differ-
ences perhaps related to C4 or CAM plant consumption.
This may provide evidence that settlements practiced some
specialization when it came to food production and consump-
tion and that there may have been substantial dietary variabil-
ity in the region during the Bronze Age.

Discussion

Our study suggests that inter-regional human mobility was
lower in the Late Prehistory of Central Spain than was previ-
ously thought. However, some migrants may have been
overlooked with the employed methodology. The higher ra-
tios of the migrants suggest migration for more mountainous
regions or highlands into the river valley. Exogamy has been
occasionally suggested as an explanation for other Copper or
Bronze Age regional patterns, such as pottery production and
distribution (Abarquero 2005; Carmona 2011), and we may
see some evidence for female exogamy, perhaps reflecting
some scale of patrilocality, at Los Berrocales. If so, this would
contrast with the matrilocality proposed for their contempo-
rary and overtly more complex southeastern groups of El
Argar (Lull 2000). However, without more isotopic data
documenting female mobility, this finding remains
speculative.

Perhaps, one of the most intriguing results of this study
relates to diet change and variability throughout the Late
Prehistory of Iberia. Although evidence is still patchy, some
form of C, plant consumption, as evidenced by enriched
513 C,p values in human skeletons, has been documented in
the Estremadura region of Portugal during the Copper Age
(Waterman et al. 2016). Additionally, we have similar find-
ings among some Bronze Age populations of La Mancha
(Najera et al. 2010; Salazar et al. 2013) and now have evi-
dence of some 5'°C enrichment in the diets of Copper and
Bronze Age populations of the Upper Tagus basin. This
suggests that these higher values may not be exclusively
tied to environmental factors, as southern Portugal and
Central Spain have distinctly different Atlantic and
Continental climates. While the contemporaneity of all
sampled populations would favor a common cause for these
higher 5'°C values, other aspects of population demo-
graphics, such as the sedentariness or social complexity,
do not provide answers, as there seem to be appreciable
differences between all three regions (e.g., Diaz-del-Rio
2006; Brodsky et al. 2013; Aranda et al. 2008; Lillios
1991). Of course, we cannot rule out the availability and
consumption of an indigenous C4 or CAM plant that may
have been useful as a dietary supplement in the context of a
semi-steppe environment with a xeric regime, such as the south-
ermn Spanish Meseta (e.g., purslane, Tankersley et al. 2016) or
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Table 2 List of dated samples and results

No. Site Location Region S. unit/tag Lab code BP Sh &3¢ cal BC 20 Sample

1 Casa Montero Vicalvaro Madrid 2781 Beta-295151 3130 50 —18.7 1510-1270 Human bone
2 Casa Montero Vicalvaro Madrid 2486 Beta-295150 3320 40 -—18.1 1700-1500 Human bone
4 El Congosto Rivas Vaciamadrid Madrid 1324 KIA27583 3345 35 * 1740-1530 Human bone
9 Gozquez 085 San Martin de la Vega Madrid 2275 CNA2348 3355 35 —18.02 1750-1530 Human bone
10 Goézquez 085 San Martin de la Vega Madrid 992 CNA2349 3360 35 —19.27 1750-1530 Human bone
11 Goézquez 047 San Martin de la Vega Madrid 9142 CNA2350 3800 35 —19.27 2480-2230 Human bone
12 Goézquez 085 San Martin de la Vega Madrid 1602 ind. 1 CNA2351 3405 35 —19.99 1870-1610 Human bone
13 Gozquez 047 San Martin de la Vega Madrid  9030/9031 CNA2352 3800 35 —19.71 2480-2230 Human bone
15 Gozquez 047 San Martin de la Vega Madrid 5130 ind. 2 Beta-134865 4100 80 25 2880-2480 charcoal

17 Gozquez 087 San Martin de la Vega Madrid 4304 CNA2353 3520 35 —16.78 1940-1740 Human bone
18  Gozquez 087 San Martin de la Vega Madrid 2805 CNA2354 3470 35 —18.59 1890-1690 Human bone
19 Goézquez 087 San Martin de la Vega Madrid 303 CNA2355 3525 35 —18.17 1950-1750 Human bone
20 Gozquez 087 San Martin de la Vega Madrid 1704 CNA2356 3495 35 —17.21 1920-1690 Human bone
21 Gozquez 087 San Martin de la Vega Madrid 3303 CNA2357 3475 35 —17.22 1890-1690 Human bone
27  La Ocafiuela Ocafia Toledo 1224 Beta-232895 5180 40 —19.80 4220-3810 Human bone
28  Los Chorrillos Estremera Madrid 325 CNA2358 3755 35 —17.85 2290-2030 Human bone
29  Pista de Motos Madrid Madrid 960 ind. 1 DSH261 3269 21 % 1620-1500 Human bone
32 Los Berrocales (AP) Madrid Madrid Burial 2ind. 1 CNA373 3515 40 -19.86 1950-1700 Human bone
33  Los Berrocales (AP) Madrid Madrid Burial 2ind. 2 CNA372 3540 50 —20.28 2030-1740 Human bone
36  Los Berrocales (AP) Madrid Madrid Burial 3 Ua41485 3405 33 * 1870-1620 Human bone
38  Los Berrocales (AP) Madrid Madrid Burial 5 CNA2359 3585 35 —17.86 2040-1780 Human bone
41  Los Berrocales (AP) Madrid Madrid Burial 10 CNA2360 3530 35 -—1876 1950-1750 Human bone
42 Los Berrocales (AP) Madrid Madrid Burial 11 CNA2361 3315 35 -1891 1690-1500 Human bone
46  Los Berrocales (EE) Madrid Madrid Burial 17 CNA367 3550 60 —18.16 2120-1690 Human bone
53  Los Berrocales (EE) Madrid Madrid Burial 25 CNA2362 3370 35 —19.51 1750-1540 Human bone
64  Los Berrocales (EE) Madrid Madrid Burial 38 CNA2363 3435 35 —18.14 1880-1640 Human bone
66  Los Berrocales (EE) Madrid Madrid  Burial 40 CNA368 3565 45 —16.52 2030-1770 Human bone
67  El Rebollosillo Torrelaguna Madrid Individual 1 CNA4006 4065 31 -—18.60 28502480 Human bone
68  El Rebollosillo Torrelaguna Madrid Individual 2 CNA4007 4004 31 -—18.51 26202460 Human bone
69  El Rebollosillo Torrelaguna Madrid Individual 3 CNA4008 4005 30 —16.30 25802460 Human bone
70  El Rebollosillo Torrelaguna Madrid Individual 4 CNA4009 3995 31 —19.52 2580-2460 Human bone
71  El Rebollosillo Torrelaguna Madrid Individual 5 CNA2364 4015 35 —18.49 26302460 Human bone
72 El Rebollosillo Torrelaguna Madrid Individual 6 CNA4010 3989 31 —19.58 2580-2460 Human bone
73 El Rebollosillo Torrelaguna Madrid  Individual 7 CNA2365 4005 35 1854 26202460 Human bone
74  El Rebollosillo Torrelaguna Madrid Individual 8 CNA4011 4007 31 —19.21 26202460 Human bone
75  El Rebollosillo Torrelaguna Madrid Individual 9 CNA2366 4020 35 -—1837 26302460 Human bone
76  El Rebollosillo Torrelaguna Madrid Individual 10  CNA4012 4086 30 —16.02 28602490 Human bone
77  El Rebollosillo Torrelaguna Madrid Individual 11~ CNA2367 3915 35 —19.06 2490-2290 Human bone
78  El Rebollosillo Torrelaguna Madrid Individual 12 CNA4013 4024 30 1595 26202470 Human bone
79  El Rebollosillo Torrelaguna Madrid Individual 13 CNA4014 3774 30 -16.22 2300-2050 Human bone
80  El Rebollosillo Torrelaguna Madrid Individual 14 ~ CNA2368 4000 35 —19.42 26202460 Human bone
82  El Rebollosillo Torrelaguna Madrid Individual 15  CNA2369 4020 35 —17.88 2630-2460 Human bone
84  El Rebollosillo Torrelaguna Madrid Individual 16 ~ CNA2370 4090 35 —18.81 28702490 Human bone

All unpublished except for no. 4 (Martin Baiion 2007); no. 15 (Diaz-del-Rio 2004); no. 29 (Dominguez and Virseda 2009); and nos. 36, 46, and 66
(Aliaga and Megias 2011)

*not reported

of seaweed intake in the case of Portuguese coastal groups
(Waterman et al. 2016).
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Although more data are needed, our results suggest that an

increase of some form of C, plant consumption probably
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began in central Iberia by mid-third millennium BC and be-
came a staple throughout the Bronze Age. This is also sug-
gested by the lowest 613Cap value of the Late Neolithic sample
recovered from La Ocaiuela (Toledo), to our knowledge, the
only documented individual burial for this chronology in the
whole region (ca. 4000 cal BC), and the observed shift to
enriched 513Cap values in sample 15, dated to 2880-2480 cal
BC, with similar values to other mid-third-millennium BC sam-
ples such as numbers 11 and 81, both from the collective cave
of El Rebollosillo, dated to 2640-2410 cal Bc. It should be
also noted that the only prehistoric sheep analyzed has the
lowest §'3C., values of the whole sample, while both
C. familiaris and Sus sp., probably sheltered and fed livestock,
fall within Bronze Age human values.

Higher 5'C values in Late Copper Age and Bronze Age
human samples from non-coastal areas such as the Spanish
Meseta could be interpreted as an evidence for the consump-
tion of imported millets, This is however unlikely. Third-
millennium B¢ carpological remains of Panicum miliaceum
and Setaria italica are extremely sparse in Iberia (Moreno-
Larrazabal et al. 2015), and none has been directly dated.
The earliest for the former belongs to the northern
Portuguese Copper and Iron Age site of Crasto de
Palheiros, associated to an occupation dated between 2650
and 2470 cal BC (Sanches 2008: 46), while the multi-
stratified site of Kobaederra cave, in northern Spain, has

the earliest evidence for the latter, dated to 3310-2900 cal
BC. Finally, a single seed of Panicum sp. (not necessarily
P. miliaceum) has been recovered from a burial context in
Camino de las Yeseras (Madrid, Spain) (Pefia-Chocarro
et al. 2011: 273) dated to 2580-2470 cal BC (Rios 2011:
77). There are later—and again scanty—Bronze Age evi-
dences for millet throughout Iberia, while the first fully de-
veloped cultivation of P. miliaceum is documented in some
regions such as the northwest only by the fourth to third
century BC (Moreno-Larrazabal et al. 2015).

Be it a result of a cultural use of available autochthonous
plants or of the consumption of millet, central Iberian popula-
tions seem to have changed their diet and productive habits,
integrating some form of C,4 plant intake by at least ca.
2500 cal BC. The claim for a shift in consumption patterns
would require of further support. Additional data could be
obtained combining results from phytoliths, starch remains
analyses on grinding stones, and human dental calculus
(e.g., Liu et al. 2015). If further evidence is found, the intro-
duction of millet in agricultural practices would involve the
incorporation of a summer cultigen into the already staple
wheat and barley agriculture. Such a change in agricultural
production would suggest some shift in subsistence practices,
or economic aspects of crop production and trade, and would
provide more evidence against the theories that these groups
were highly mobile.
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Fig.4 Scatterplot of ®’St/**Sr and 6'%0 values from humans and faunal samples. One non-local individual from Pista de Motos (0.71490) not included
as 880 values were not obtained. Only three outliers are shown as sample 29 lacks associated §'%0 value

In sum, our isotopic analyses suggest that human mobility
in the Late Prehistory of Central Spain was lower than has
been proposed in the more traditional culture historical per-
spective via other (largely ambiguous) archaeological data.
The scant evidence that we did find documenting migrants
in these burials offers new perspectives on the way in which
these small human groups may have organized their social
reproduction through exogamic marriage practices. The isoto-
pic data presented here have also provided new evidence of
possible changes in consumption patterns during the third
millennium BC. Thus, we propose that using stable and radio-
genic isotope analyses, in combination with more traditionally
derived archacologically data, allows for more nuanced in-
sights into regional changes in agricultural and economic
practices and helps to clarify our understanding of a dynamic
time period in Iberian prehistory.
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