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A B S T R A C T

A medieval osteological sample (n = 20) from the isolated rural community of San Baudelio de Berlanga (Soria,
N-Spain) was studied using paleopathological and stable isotope analyses. The necropolis was initially dated by
archeologists between the XI and XII centuries AD and contains 57 individuals. The main objective of this study
was to investigate the diet and the chronology of these individuals to improve the understanding not only of the
diet but also of the population dynamics in an isolated rural site. The isotopic composition of their rib bone
collagen was determined. δ15N values ranged between 9.3‰ and 11.5‰, with a mean of 10.3 + 0.5‰ (AIR),
while δ13C values ranged between −17.6‰ and −19.0‰with a mean of −18.2 + 0.4‰ (V-PDB). Radiocarbon
results dated the individuals to between the XI and mid-XIII century. The stable isotopic results suggest a mixed
terrestrial diet dominated by C3 cereals but including also animal products (e.g. meat and dairy products).
Isotopic differences between sexes may be related more closely to social (patrilineal pattern of pairing) and
biodemographical (lower female life expectancy) factors than dietary gender differences.

1. Introduction

Over the past few years a number of research projects using stable
isotopes to explore the settlements of North Iberia have been under-
taken. Their aim is not only to determine the diet of these populations
but also to increase knowledge on settlement patterns, landscape
transformations, agricultural practices, population movements, social
dynamics, and living conditions (e.g., García-Collado, 2016; Guede
et al., 2017; Lubritto et al., 2013, 2017; Mundee, 2009, 2010; Ortega
et al., 2012; Quirós Castillo, 2011, 2013; Quirós Castillo et al., 2013,
etc.).

1.1. The site of San Baudelio de Berlanga

Anthropological studies have been published on a collection of
medieval human remains from the rural setting of San Baudelio de
Berlanga (Soria Province) in the North of the Iberian Peninsula
(Guerrero et al., 2003; Maroto, 2004; Castillo González, 2008; Al
Oumaoui, 2009), but until now no dietary research has been under-
taken. This area of Soria Province served as a settlement for hermits and

monks of Visigothic rite and became populated after the fall of the
caliphate of Cordoba with people from North of the Duero and with
Mozarabs escaping from the South during the XI and XII centuries
(Andrío and Loyola, 1992). Little written evidence is available on San
Baudelio de Berlanga, although it is known to have been dominated by
Muslims during some periods of the XI century until it passed defini-
tively into Christian hands after the conquest of these lands by Alfonso
VI of Castile (1065–1109 CE) (García de Cortázar, 1995; Escolano,
2003). The inhabitants of these rough lands would have been peasants
living under harsh conditions in a feudal agrarian economy (Banks
et al., 1983).

San Baudelio de Berlanga is famous for its XI century hermitage
belonging to a monastery of Visigothic rite, which features XII century
frescoes considered jewels of European Medieval Art (Guardia, 2011).
Monasteries of Visigothic rite were sited in secluded places far from
populated areas (Díaz Martínez, 1988). When the Cluniac monastic
order spread throughout Castile at the end of the XII century, the monks
abandoned San Baudelio, which became an isolated farm (Banks et al.,
1983). The foundation of the monastery could not have preceded 1010,
which is when Alfonso VI of Castile took control the area (Escolano,
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2003, Guardia, 2011). In 1136, there is a written reference to the
monastery when it was under the bishopric of Sigüenza (… Berlangam
cum ómnibus terminis suis et cum monasterio sancti Baudili:“Berlanga with
all their landings and with the San Baudelio monastery”). The last re-
ference to the monastery as such appears in 1144 (… monasterium sancti
Bauduli, quod circa Berlangam situm est…: “the San Baudelio monastery
which is near Berlanga”), given that later writings only use the term
domus, i.e. farm (Escolano, 2003; Guardia, 2011).

San Baudelio is situated around nine kilometers from Berlanga de
Duero in the Southeast of Soria Province at 1049 m above sea level
(Fig. 1).

The geographical location and characteristics of San Baudelio are
similar to those of sites in the Upper Arlanza basin / Upper Duero basin
corridor, whose eastern end is 50 kms away, at an altitude of
1000–1200 m above sea level (Padilla and Álvaro, 2008, 2013). Ac-
cording to studies on the medieval landscape in this area (Padilla and
Álvaro, 2010, 2013), San Baudelio could be defined as a minor settle-
ment around a cult center whose ecclesiastical building agglutinate the
cemetery. The climate in San Baudelio is classified as Cfb (C: medium
latitude; f: no dry season; b: cold or temperate winters and cool sum-
mers) according to the Köppen system (AEMET, 2011). The altitude of
San Baudelio, with occasional springtime freezing, is suitable for
keeping livestock or hunting but is not favorable for growing crops
(Banks et al., 1983). These features are shared by sites in the Upper
Arlanza/Upper Duero, where climatic conditions are typical of moun-
tain areas and impose major constraints on the development of agri-
culture, favoring the exploitation of livestock and forest resources
(López Pérez et al., 2016; Padilla and Álvaro, 2010, 2013). The isolation
of the hermitage, the disappearance of the monastery, and the climatic
worsening of the Little Ice Age would explain the abandonment of the
farm allowing preservation of the hermitage and its frescoes.

1.2. The necropolis

A small necropolis placed against the wall of the apse of San
Baudelio de Berlanga hermitage contains tombs dated to the XII century
by Castillo (1972), at a time when the hermitage frescoes were created
and Alfonso I of Aragón was repopulating the area. These were not the

tombs of Visigothic monks or hermits but rather of the inhabitants of a
small rural nucleus or farm (Vigil-Escalera, 2007), including families
who worked for the monastery. Unlike other medieval Castilian ne-
cropolis with preserved skeletal remains, such as Palacios de la Sierra or
Villanueva de Soportilla (Castillo, 1972), the San Baudelio cemetery
does not belong to a small village or a town but rather to a farm in
which only a few families would live (Banks et al., 1983). Castillo
(1972) observed several types of tomb, defined as anthropomorphic,
oval and “bathtub”, which he considered to be from different time
periods, although other medievalists do not consider it possible to es-
tablish a chronology based on tomb typology and insist on the need for
absolute dating (Martín Viso, 2007, 2012, 2014; Hernández Barreña
et al., 2013; López Pérez et al., 2016). In the San Baudelio necropolis,
tombs are oriented West-East and covered with labs of rock (Fig. 2).
Tombs of anthropomorphic shape alternate with those of rectangular
“bathtub” type, in which the individual is placed in supine position in
accordance with Christian tradition (Andrío and Loyola, 1992;
Escolano, 2003). Although separate spaces were cut into the rock as
individual tombs, several of them were reutilized as family vaults. Al-
berto del Castillo reported a total of 19tombs, most of which were
collective, with one of them containing the remains of no fewer than
eight individuals. No animal bones have been associated with the
tombs.

1.3. The population

Out of the total remains of 57 skeletons, 24.6% belong to children
under 7 years old. The life expectancy was very low. In general, little
difference was found among the studied individuals in skeletal markers
related to physical activity, which generally indicate a moderate to
strong development of entheseal changes, especially in the lower limbs.
These skeletal markers are consistent with a population of peasant farm
workers who appear to have engaged in intense physical activity, with
signs of osteoarthritis and the presence of Schmorl’s nodes in young
adult males and cases of spondylolysis with spondylolisthesis in both
sexes, as well as numerous traumatic injuries (see Al Oumaoui et al.,
2004; Guerrero et al., 2003).

Fig. 1. Map showing location of the site of San Baudelio de Berlanga and the sites used for comparison. SBB: San Baudelio de Berlanga; PA: Palacios de la Sierra; LA:
San Martín de Lantarón; ZA: Zaballa; TR: Treviño; LG: Las Gobas; DU: Dulantzi; ZO: Zornoztegi; ME: Mendraka; 10: Aistra.
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1.4. Dietary reconstruction

Various methods are available to bioarcheologists for dietary re-
construction like analysis of plant and animal remains, coprolites,
pottery residues, trace elements, or stable isotopes (Larsen, 2015).
Other methods coming from teeth, like analysis of dental pathology,
microwear, or calculus (Hardy et al., 2009; Powell, 1985; Romero and
De Juan, 2007; Salazar-García et al., 2016). In the present investigation,
we used the study of maxillodental disease and stable isotope analysis
that are complementary (Bonsall and Pickard, 2015). Diet is one of the
main factors related to maxillodental disease, with the consumption of
refined carbohydrates being closely linked to caries development
(Powell, 1985). However, milk and cheese offer a protective factor
against caries (Bowen and Pearson, 1993), and very low rates of caries
have been recorded in populations with almost wholly carnivorous
diets (such as the Inuit or Sioux) (Costa, 1980; Powell, 1985).

The most frequent approach in stable isotope studies is to determine
carbon (δ13C) and nitrogen (δ15N) ratios in bone collagen. Carbon
isotope values reflect the proportions of C3 and C4 plants in the diet and
yield information on environmental parameters (DeNiro and Epstein,
1978; Fernandes et al., 2012; Katzenberg, 2000; Schoeninger and
Moore, 1992). C3 and C4 plant biomasses differ in δ13C values because
of their specific photosynthetic pathways. Thus, C3 plants (e.g. wheat,
barley, rice etc.) are generally enriched in 12C and have more negative
δ13C values (about −24/−36‰), whereas C4 plants (e.g. sorghum,
millet) are not 12C enriched and are characterized by less negative δ13C
values (about-12.5‰) (Honch et al., 2012; Katzenberg, 2000;
Laffranchi et al., 2016; Schoeninger and Moore, 1992).

Nitrogen isotope values determine the position in the trophic chain
of herbivores and carnivores and may provide clues about the intake of
animal protein (DeNiro and Epstein, 1981; Hedges and Reynard, 2007;
O’Connell et al., 2012; Schoeninger, 1985). The combined study of
these isotopes yields information on the consumption of terrestrial or
marine resources (Herrscher et al., 2018; Schoeninger et al., 1983;
Schoeninger and DeNiro, 1984; Larsen, 2015).

There are several isotopic studies on medieval populations in the
North of Iberia, which are mainly rural and of Christian religion. In
those located next to the sea, the values clearly demonstrate the con-
sumption of marine resources. Inland there is a clear consumption of C3
plants although in some sites, in environments regarded as poorer,
millet, a C4 plant, must have been part of the diet. Regarding nitrogen
values, there is a great variability that has been attributed to social

differences. Usually there are no differences between the type of pro-
ducts consumed by men and women (García-Collado, 2016; Guede
et al., 2017; Lubritto et al., 2017).

The main objective of this study was to use isotopic analysis and the
study of maxillodental pathology to obtain data on the diet of in-
dividuals buried in this necropolis, providing knowledge not only on
their food sources but also on the settling of the region and the social
dynamics of a isolated rural nucleus, comparing results with findings in
larger rural settlements of the Northern Iberian Peninsula. Secondary
objectives were to establish the time periods in which the necropolis
was used through the absolute dating of some of the skeletons, and to
examine any evidence of socioeconomic changes.

2. Material and methods

2.1. Human and animal remains

The study sample was selected from among the 57 individuals in the
San Baudelio de Berlanga collection housed in the Physical
Anthropology Laboratory of the University of Granada (Maroto, 2004;
Castillo González, 2008). The degree of preservation is generally good,
although some individuals come from tombs that had been reutilized
multiple times, making their study more challenging. In the present
investigation, we only studied individuals clearly identified as distinct
groups of bones in the archaeological excavation and who met the
following criteria: adult age, possibility of establishing the age and sex,
preservation of at least 75% of dental arches, and certainty that all
bones came from a single skeleton. Previously reported sex and age data
(Maroto, 2004) were confirmed by morphological study of pelvis and
skull and examination of pubic symphysis, sternal ribs, and cranial
sutures, as described by numerous authors (Byers, 2005; Ferembach
et al., 1979).

The preservation of dental arches is necessary for the study of dental
disease, a classic method to explore ancient diets (Powell, 1985). Pre-
sence of caries, ante mortem losses, apical cysts, and periodontal disease
were recorded according to sex and age following Hillson (1996). Re-
sults are expressed in terms of teeth and sockets to facilitate compar-
isons with other studies and because of the small number of individuals
studied.

Rib samples were only selected for isotopic analysis from the 20
individuals (13 males, 7 females) who were more complete and clearly
anthropologically individualized: 8 males aged 20–40 years (young

Fig. 2. Plan of tombs alongside the hermitage, indicating the location of the 20 individuals analyzed in this study.
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adults) and 5 males aged 41–60 years (mature); and 7 females aged
under 30 years.

Animal isotopic data are essential to establish local isotopic base-
lines from which to reconstruct human dietary variations in time and
space (Goude and Fontugne, 2016; Bownes et al., 2018). For this pur-
pose, we also analyzed 11 samples from animals found at the medieval
site of San Martín de Lantarón (Quirós Castillo, 2014), which has the
same climate (Cfb in Köppen system) as San Baudelio (AEMET, 2011),
although difficulties in the comparison of soils mean that results should
be interpreted with caution (Bownes et al., 2018).

2.2. Collagen extraction, stable isotope analyses and chronology

The isotopic study was conducted in 20 rib samples with no fracture
callus or signs of infection (Olsen et al., 2014). Ribs were chosen due to
their number in the skeleton, thereby limiting impact on the damage to
the individual and for their collagen turnover rate (Hill, 1998). The
analyses were performed following the protocol described by Bocherens
et al. (1997) (Bocherens and Drucker, 2003) in the Biogeochemistry
Department of the Andalusian Institute of Earth Sciences (CSIC) Stable
Isotopes Laboratory. Rib samples were powdered in a mortar, and
300 mg of the powder was decalcified in 1 M HCl for 20 min at room
temperature, eliminating phosphates, fulvic acids and other soluble
acids, and was then passed through a MF-Millipore 5 μm filter. The
insoluble residue was plunged into 0.125 M of NaOH for 20 h at room
temperature. After rinsing with Milli-Q water, the neutralized sample
was again filtered (5 μm) to remove humic acids and most lipids; this
residue was plunged into 10–2 M HCl (pH 2) solution in closed pyrex
tubes at 100° to solubilize the collagen. After centrifugation, the su-
pernatant was lyophilized and analyzed for its isotopic composition.
The collagen samples obtained were treated in a continuous flow
system using an elemental analyzer connected to a mass spectrometer.
Sample combustion was obtained at 1020 °C, producing a mixture of
carbon and nitrogen oxides that was then reduced at 650 °C, obtaining a
mixture of CO2, N2, and H2O. The water was chemically removed, and
CO2 and N2 were separated using a chromatographic column before
mass spectrometry analysis. An elemental analyzer (Carlo Erba Model

NA1500 NC series 2) was used for the combustion, reduction, water
removal, and chromatographic separation processes. The N2 and CO2

obtained by these procedures were introduced into a Delta Plus XL mass
spectrometer for isotope analysis. The analytical error for δ15N and δ13C
determinations was< 0.1‰.

Isotope results are always expressed in relation to a universally
accepted international reference pattern: V-PDB for carbon and AIR for
nitrogen (Coplen, 1995). Only samples with good collagen quality were
considered, with atomic C:N ratios between 2.9 and 3.6 (DeNiro, 1985),
high carbon and nitrogen concentrations (Ambrose, 1990), and col-
lagen yield of at least 1% (van Klinken, 1999).

Five of the individuals with the best-preserved collagen (2 females
and 3 males) were selected for radiocarbon dating, including two of
particular pathological interest (one with trepanation and one with
traumatic lesion), sending the five collagen samples to the National
Accelerator Center (Spanish initials, CNA) in Seville. CNA uses the
Micadas system (Mini Carbon Dating System), based in the AMS tech-
nique (Accelerator Mass Spectrometry). The results were elaborated
with the Oxcal 4.3.2 calibration program and the IntCal13 atmospheric
curve (Bronk Ramsey, 2017; Reimer et al., 2013).

2.3. Statistical procedure

The non-parametric Mann-Whitney U test was used for between-
group comparisons because of the small sample size. Potential outliers
were identified by standard deviation approach (± 2SD), and Tukey‘s
method (1.5 × interquartile range). The chi-square test was used to
compare maxilla dental results, expressed in percentages. P ≤ 0.05 was
considered significant in all tests. SPSS version 21 (IBM SPSS, Chicago,
IL) was used for the statistical analyses.

3. Results

3.1. Radiocarbon dating

Table 1 and Fig. 3 exhibit results obtained from the five samples.
Three were dated between XI and XII centuries (SBB-8, SBB-11 and SBB-
16) and two between XI and XIII centuries (SBB-18 and SBB-20) with a
probability of 95%. The sex and age of these individuals are reported in
table 2.

3.2. Isotopic results

Table 2 displays the data obtained for each individual. All samples
passed collagen quality criteria. δ15N values ranged between 9.3‰ and
11.5‰, with a mean of 10.3 ± 0.5‰, and δ13C values ranged between
−17.6‰ and −19.0‰, with a mean of −18.2 ± 0.4‰. Table 3 ex-
hibits carbon and nitrogen isotope results in the animals from San

Table 1
14C dating of the selected individuals calibrated with Oxcal 4.3.2 program and
IntCal13 atmospheric curve (Bronk Ramsey, 2017; Reimer et al., 2013).

Sample Lab. code δ13C 14C Age 1σcal AD 68% 2σcal AD 95%

SBB-8 CNA-4589 −18.87‰ 920 ± 30 1045–1157 1028–1184
SBB-11 CNA-4325 −19.11‰ 930 ± 30 1041–1154 1025–1165
SBB-16 CNA-4326 −18.99‰ 930 ± 30 1041–1154 1025–1165
SBB-18 CNA-4327 −19.86‰ 890 ± 30 1050–1206 1041–1218
SBB-20 CNA-4328 −20.20‰ 850 ± 30 1163–1221 1052–1260

Fig. 3. Radiocarbon dating of samples from San Baudelio de Berlanga.
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Martín de Lantarón, divided by species. Table 4 displays mean values of
the individuals by sex and age and mean values reported in fauna from
San Martín de Lantarón. Figs. 4 and 5 show that the δ13C values were
significantly higher and less widespread among the females than among
the males (p = 0.024, Mann-Whitney U test). Figs. 4 and 5 show that
higher δ15N values were observed in the males than in the females,
although the difference was only close to significance (p = 0.081,
Mann-Whitney U test). The only statistically significant result obtained
when age groups were compared by sex was higher δ15N values in
young adult males than in young adult females (p = 0.031, Mann-
Whitney U test).

When the standard deviation approach (± 2SD) was used, the sole
outliers were for δ13C in female SBB-18 and δ15N in the male SBB-16.
Application of the Tukey test (1.5XIQR) identified the δ15N of the fe-
males SBB-6 and SBB-8 as outliers. The aforementioned values for SBB-
18 and SBB-16 were one decimal point from reaching the value of the
interquartile interval.

With regard to possible social differences, it should be borne in
mind that the elevated consumption of animal proteins was typical of
medieval elites (Kjellström et al., 2009; Jiménez-Brobeil et al., 2016).
The males SBB-9, SBB-15, and SBB-16 and the female SBB-8 have high
δ15N values. SBB-8 and SBB-9 were buried together in one tomb, and
SBB-15 and SBB-16 in another.

3.3. Maxillodental disease

Table 5 displays the maxillodental findings as a function of sex and
age. As expected, the frequency of maxillodental disease (caries, ante
mortem losses and total damaged teeth) was much higher in the mature
adult males than in the younger adults, attributable to their longer
exposure to wear and oral cavity bacteria (Hillson, 1996).

Highly significant differences were found between the age groups
(P < 0.001). Males were generally much more severely affected by
dental disease in comparison to the females (P < 0.001), although this
is related to the absence of mature females. No significant difference in
total damaged teeth (caries + ante mortem losses) was found between
young adult males and young adult females (P = 0.74).

Table 2
Carbon and nitrogen isotope results in humans and collagen quality criteria.

Sample Burial Indi-vidual Bone Sex Age δ15N‰ δ13C‰ %N %C C:N % coll. yield

SBB-1 1 H rib F Ya 10.1 −18.0 15.7 41.5 3.1 14.5
SBB-2 1 A rib M Ma 10.2 −18.2 15.8 41.5 3.0 10.3
SBB-3 1 B rib M Ma 9.6 −18.0 15.6 41.5 3.1 14.2
SBB-4 9 2 rib F Ya 10.1 −17.9 15.9 41.8 3.0 10.1
SBB-5 9 1 rib F Ya 10.0 −17.8 16.0 41.9 3.0 12.8
SBB-6 10 1 rib F Ya 9.2 −18.0 15.9 41.4 3.0 11.4
SBB-7 10 2 rib M Ya 10.1 −18.0 15.8 41.3 3.0 11.9
SBB-8 11 1 rib F Ya 10.9 −18.0 16.0 41.3 3.0 15.0
SBB-9 11 2 rib M Ma 10.9 −18.7 15.5 41.7 3.1 14.6
SBB-10 12 2 rib M Ya 10.4 −18.9 15.7 41.5 3.1 11.7
SBB-11 12 3 rib M Ya 10.5 −18.5 15.7 41.8 3.1 10.3
SBB-12 12 4 rib M Ya 10.5 −18.3 15.4 40.6 3.1 9.4
SBB-13 13 5 rib M Ma 9.9 −18.4 15.2 40.6 3.1 13.6
SBB-14 13 A rib F Ya 9.8 −18.1 15.8 41.7 3.0 14.6
SBB-15 13 C rib M Ya 11.2 −18.3 15.9 41.7 3.0 8.5
SBB-16 13 D rib M Ya 11.5 −19.0 15.9 41.8 3.0 13.6
SBB-17 13 E rib M Ya 10.4 −18.0 16.2 41.7 2.9 11.3
SBB-18 14 rib F Ya 9.8 −17.6 15.9 41.3 3.0 10.9
SBB-19 16 2 rib M Ma 10.1 −18.0 15.6 41.5 3.1 12.7
SBB-20 17 rib M Ya 10.0 −17.5 15.7 41.4 3.0 9.7

M: males; F: females; Ya: young adults; Ma: mature adults.

Table 3
Carbon and nitrogen isotope results in animals from San Martín de Lantarón
and collagen quality criteria.

Sample Species δ15N‰ δ13C‰ %N %C C:N % coll. yield

LA-1 Ovicaprid 3.3 −21.0 14.4 40.7 3.3 1.7
LA-2 Suid 5.2 −19.9 14.2 40.9 3.3 4.5
LA-3 Suid 6.5 −20.3 14.5 40.6 3.3 7.2
LA-4 Ovicaprid 6.8 −15.6 14.3 40.8 2.9 3.2
LA-5 Bovid 6.6 −20.4 14.5 40.7 3.4 11.2
LA-6 Bovid 6.8 −19.9 14.6 40.6 3.3 4.3
LA-7 Bovid 6.5 −20.6 14.4 40.7 3.2 8.1
LA-8 Bovid 4.9 −20.9 14.5 40.6 3.5 6.4
LA-9 Ovicaprid 6.8 −19.1 14.6 40.6 3.3 6.5
LA-10 Ovicaprid 4.9 −21.1 14.4 40.7 3.5 5.1
LA-11 Ovicaprid 7.3 −20.8 14.6 40.5 3.4 4.3

Table 4
Minimum (Min), Maximum (Max), Mean (M) and standard deviation (SD) of isotopic values in human samples by sex, and in samples from San Martín de Lantarón
(LA) by species.

δ15N‰ (AIR) δ13C‰(V-PDB)

N Min Max M SD N Min Max M SD

SBB Young females 7 9.3 10.9 10.0 0.5 7 −18.1 −17.6 −17.9 0.2
SBB Males (total) 13 9.6 11.5 10.4 0.5 13 −19.0 −17.5 −18.3 0.4
SBB Young males 8 10.1 11.5 10.6 0.5 8 −19.0 −17.5 −18.3 0.5
SBB Mature males 5 9.6 10.9 10.1 0.5 5 −18.7 −18.0 −18.3 0.3
SBB Total 20 9.3 11.5 10.3 0.5 20 −19.0 −17.6 −18.2 0.4
LA Bovid 4 4.8 6.9 6.2 0.9 4 −20.9 −19.9 −20.4 0.4
LA Suid 2 5.2 6.5 5.9 2 −20.3 −19.9 −20.1
LA Ovicaprid 5 3.3 7.3 5.8 1.7 5 −21.1 −19.1 −20.3 0.9
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4. Discussion

No written sources are available on the construction and utilization
dates of the necropolis at San Baudelio, and the present radiocarbon
dating results refer, like says Martín Viso (2014), to the skeletons rather
than the tombs. Based on stylistic criteria, medieval art specialists have
concluded that the hermitage was constructed in the XI century and
that the frescoes were produced in the XII century (Escolano, 2003;

Guardia, 2011). It was not possible to obtain direct absolute dating
information on the frescoes, but the dates obtained for individuals in
the necropolis suggest that it was used from the beginning of the XI
century to middle of the XIII century. These dates are consistent with
the above estimations, and the scant documentary references available
(Escolano, 2003; Guardia, 2011). These findings make a major con-
tribution to the archeology of the cemeteries (Padilla and Álvaro, 2010;
López Pérez et al., 2016) and the history of the medieval art of Castile,
for which scant data are available to date. Interestingly several Upper
Arlanza/Upper Duero sites were also depopulated in the middle of the
13th century (Padilla and Álvaro, 2008, 2010, López Pérez et al., 2016),
during the transition between the Medieval Climate Anomaly and the
Little Ice Age (Moreno et al., 2012).

Isotopic values of animals from San Martin de Lantarón, showed
very negative δ13C values, denoting a type C3 plant-based diet (DeNiro
and Epstein, 1978). Results of comparisons between the humans in San
Baudelio de Berlanga and animals from the site of San Martín de Lan-
tarón (Δ13C human-fauna = 2.1‰; Δ15N human-fauna = 4.4‰),
especially the carbon delta value difference, are consistent with data in
the literature on the trophic chain (DeNiro and Epstein, 1981; Hedges
and Reynard, 2007; Minagawa and Wada, 1984; O’Connell et al., 2012).
Thus, the stable isotope study revealed that the individuals buried in
San Baudelio had a mixed terrestrial diet (meat, eggs, or dairy products
and vegetal foodstuffs) with land plants, largely type C3.

The finding of higher δ15N and less negative δ13C values in the
males of San Baudelio is in line with results in other populations and
may indicate preferential access by males to the most highly valued
resources (Choy et al., 2010; Craig et al., 2009; Fuller et al., 2006;
Laffranchi et al., 2016; Reitsema et al., 2010; Toso et al., 2019). The less
negative δ13C would be the result of the consumption of millet, a C4
plant that was considered less valuable than wheat and more appro-
priate for feeding poultry (García Sánchez, 1996). On the other hand,
studies at other sites in the area have found no such sex difference
(Lubritto et al., 2017) or have attributed it to other causes (Guede et al.,
2017), including the different origin of individuals. None of the females
in San Baudelio reached 30 years of age as also observed in the site at
Las Gobas (Guede et al., 2017). This very low life expectancy might be
attributable to birth-related mortality, but mortality in females of
childbearing age should not be confused with maternal mortality
(Mafart, 1994), and no reliable data are available on the death of those
females from their skeletons. Therefore, these lower δ15N may be ex-
plained by a different origin of the females, as supported by their less
negative δ13Cvalues. Given the traditional family model in Castile, with

Fig 5. Scatterplot of δ13C and δ15N values for individuals from SBB (red for
female and blue for male) and values for faunal remains from San Martín de
Lantarón (ovicaprid, bovid and suid).

Table 5
Maxillodental results by sex and age. YA: young adults (aged 20–40 years), MA:
mature adults (41–60 years). N: number of pieces or alveoli. %: Percentage
involvement (teeth with caries × 100/total teeth; ante mortem losses × 100/
total alveoli; total damaged teeth × 100/total alveoli).

Males Females

N % N %

Teeth YA 159 101
Teeth MA 70 –
Alveoli YA 235 207
Alveoli MA 125 –
Total teeth 229 101
Total alveoli 360 207
Caries YA 7 4.4 2 1.9
Caries MA 9 12.8 –
Total caries 16 6.9 2 1.9
Ante mortem losses YA 18 7.6 18 8.7
Ante mortem losses MA 32 25.6 –
Total ante mortem losses 50 13.9 18 8.7
Total damaged teeth YA 25 10.6 20 9.7
Total damaged teeth MA 41 32.8 –
Total damaged teeth 66 18.3 20 9.7

Fig. 4. δ13C and δ15N values for SBB females (in red) and males (in blue).
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patrilineal affiliation and patrivirilocal residence (Lisón Tolosana,
1976; Contreras, 1991), the females would likely have been borne
elsewhere, so that stable isotope results at their young age would still
reflect their place of origin. It should be borne in mind that isotopic
values obtained from ribs reflect the food intake during the last 5 years
of life (Jørkov et al., 2009) and the values observed in these very young
women might reflect their diet before marrying and moving to San
Baudelio. In this regard, historians (Banks et al., 1983) have affirmed
that only a few families lived in San Baudelio and would need to seek
ways of avoiding endogamy, especially given the prohibition of con-
sanguineous marriage by the Catholic Church. The male SBB 16, dated
to the XI century and showing a δ15N value well above the mean for
males, and the more negative δ13C value, might also have been new to
the area. At any rate, oxygen isotope analyses (Lightfoot and O’Connell,
2016) are required to determine mobility and marriage patterns in
these populations.

The small sample size and collective nature of the tombs make it
difficult to draw conclusions about social class from the δ15N results.
For example, SBB-15 and SBB-16 have the highest δ15N values and were
buried together, but they also share the tomb with three individuals
whose δ15N values are around the mean for the sample, so that a social
pattern cannot be clearly established. Reutilization of a tomb suggests
family relationships among the individuals buried within it (Andrío and
Loyola, 1992), but the chronological sequence of the burials is un-
known. The male SBB-8 and female SBB-9 share a single tomb and both
show a high δ15N value, which might suggest a higher social status,
although other possible explanations include differences in culinary
tastes or chronology. Moreover, the female skeleton has evident signs of
a chronic infectious disease (currently under study) that might have
increased her δ15N level (D’Ortenzio et al., 2015; Reitsema, 2013).

The maxillodental disease data highlight the need to consider the
age of individuals when comparing disease rates. Thus, global findings
for the males might suggest that their diet was much more cariogenic in
comparison to the females who would have had a diet richer in proteins
of animal origin. However, this apparent sex difference can be attrib-
uted to their longer lives and consequently greater tooth wear and
bacterial infection risk. In fact, the data for the young male and female
adults (aged 20–40 yrs), with show no sex difference in dental disease,
indicate that the diet would have been similar between the sexes. This
data, together with the results of other deposits in the region (Lubritto
et al., 2017) and habitat circumstances, once again support the idea
that the isotopic differences between males and females do not corre-
spond to different diets.

Fig. 6 shows that higher δ15N values and less negative δ13C values
were observed in comparison to those reported for other medieval
populations in Northern Iberia, such as Dulantzi, Aistra, Zaballa, Zor-
noztegi and Mendraka in the Basque country (Lubritto et al., 2017), Las
Gobas (Guede et al., 2017), and Palacios de la Sierra (Jiménez-Brobeil
et al., 2016). This graph also depicts the results obtained in animals
from Northern Iberian sites in Aistra, Treviño, Zaballa, Zornoztegi
(Lubritto et al., 2013, 2017; Quirós et al., 2013), and San Martín de
Lantarón. Findings at these sites indicated mixed terrestrial diets with
the exception of Mendraka, which is the closest to the coast and ex-
hibited values suggesting marine diet. In San Baudelio the δ13C values
are less negative and δ15N values are higher than in these sites, which
may have various explanations. On one hand, it may be attributable to
geological and environmental factors, since the type of soil and climate
influence the isotopic values (Goude and Fontugne, 2016; van Klinken
et al., 2002). For example, water stress and soil aridity, as well as
salinity, increase δ15N values (Grupe et al., 2009; Szpak, 2014). All
herbivores found at the aforementioned sites have similar mean δ13C
values except for those in San Martín de Lantarón, which have less
negative δ13C and higher δ15N mean values. This may explain the mean
values observed in humans from San Baudelio, although the compar-
ison of soils between San Martín de Lantarón and San Baudelio is
hampered by changes in their composition since medieval times, lim-
iting the drawing of conclusions. On the other hand, the difference in
δ15N values may be explained by a larger consumption of proteins of
animal origin, given that livestock farming would have been favored by
the altitude of San Baudelio, and the cold winter temperatures, as at
nearby sites in Upper Arlanza/Upper Douro (Padilla and Álvaro, 2008,
López Pérez et al., 2016). Interestingly, shepherding was one of the
activities Visigothic monks were permitted to practice, according to
Sancta Communis Regula, because so many of their monasteries were in
areas unsuitable for agriculture and, cereal production (Orlandis,
1973). The data of the maxillodental pathology, although scarce, are
not against this explanation, since the frequencies obtained do not
support a very cariogenic diet. Although no bones have been found
from animals that would have grazed near San Baudelio, this first report
on the province of Soria makes an important contribution to the future
study of medieval populations in the North of Castile.

5. Conclusions

The necropolis of San Baudelio de Berlanga was used from the XI
century to the middle of the XIII century, largely coinciding with the
period during which the monastery of Visigothic rite was occupied. The
individuals studied were peasant farmers and show fairly homogenous
isotopic values. We do not have sufficient data to affirm the existence of
social classes. The disparities in isotopic values between males and fe-
males are probably not related to gender dietary differences and might
be explained by a patrilineal pattern of marriage and a low life ex-
pectancy of the females. In general, the diet was similar to that ob-
served in other Northern Iberian sites of the Early Medieval period but
with higher δ15N values. This might be related to the more favorable
conditions for stockbreeding in San Baudelio de Berlanga, with its
higher altitude and colder climate, increasing their animal protein in-
take. We do not have the evidence required to determine the possible
role of geological and other environmental factors. Analyses of stron-
tium and oxygen isotopes are required to elucidate the dynamics of the
peopling of this region.
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Fig 6. Scatter plot of the mean values for individuals from SBB compared with
mean values reported for medieval human and faunal samples from other sites
in Northern Iberia. PA: Palacios de la Sierra; DU: Dulantzi; ZA: Zaballa; TR:
Treviño; LG: Las Gobas; AI: Aistra; ZO: Zornoztegi; ME: Mendraka; LA: San
Martín de Lantarón.
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