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ABSTRACT

The monastery of San Andrés de Arroyo (establishetil81) is one the best examples of
Cistercian architecture in the Spanish region o$tila y Leon. In this study, strontium
isotope ratios were used to study the populatiothefrecently excavated graveyard of this
monastery. Twenty-nine individuals (of which 13 hadserved teeth) found in burials from
the 13" and 14 centuries were subjected to analysis. Endti®&#*°Sr ratio values obtained
by using a multicollector ICP-MS instrument werediso distinguish between local and non-
local individuals. Additionally, an anthropologicatudy based on entheseal changes and
other paleopathological conditions was carried ioutall the exhumed individuals. This
combined data allowed us to define the chemical @stdological diversity of a Medieval
Spanish monastery and its surrounding village. Agntbre usual profiles for a rural society,
two individuals, both showing strong indicationsha&fing foreign to the area, were found to
have evidence of physical activities compatiblehwilitary training and activity. The
present study can be considered as the first erpatal indication that during the 1Znd
14" centuries Spanish monasteries served as a lasterédr soldiers, which is compatible

with historical records and previous indirect evides.
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INTRODUCTION

Strontium isotope analysis has provided useful tastinating information about human
movements and origins since Ericson (1985) intredudhis methodology in the
archaeological field. Within the last 30 years, itse has successfully elucidated human
mobility and migration in different regions of theorld (Ezzo et al., 1997; Giblin, 2009;
Montgomery et al., 2005; Tung and Knudson, 20119.Muman dispersal is usually non-
random and biased among sexual, cultural and setiata (Boyd and Richerson, 2009;
Heyer et al., 2012), bioarchaeologists need adgitiinformation at the individual level in
order to properly interpret migratory events imating historical populations. For this
purpose scholars from different fields have ussedyaential markers of activity, the entheses
(referred to the skeletal attachment sites of nassdigaments and joint capsule) and the
changes that these structures undergo during theofia given individual. Although the
analysis and interpretation of entheseal changé&d®) (& blurred by their multifactorial
aetiology, these features are supposed to refiegblysical activity (in terms of intensity and
type) of ancient populations. Their skeleton lamatind degree of development give an
indication of habitual activities involving speadfmuscles or groups of muscles (Godde and
Taylor, 2011). EC have been used to glean culbhebbviour (Foster et al., 2015; Lieverse et
al. 2011; Molnar, 2006; Weiss, 2014), to infer elifnces related to labour and professions
(Al-Oumaoui et al., 2004; Dutour, 1986; Kennedy839Hawkey and Merbs, 1995; Mariotti
et al., 2007; Molnar, 2006; Villotte et al., 2010tavelkova et al., 2011; Palmer et al., 2014;
Santana-Cabrera et al., 2015) and to define chamgesuscular activity along the

evolutionary history of the human lineage (Drape&@8; Milella, 2014).

This paper presents the results of novel reseamrhbiming, for the first time, both
approaches (strontium isotope ratios and enthebeaiges). The goals of this research were:

(i) to identify possible non-local individuals; gn@) to study bio-cultural aspects such as the



reconstruction of possible past life styles. Fartsa purpose, the population of the graveyard

of the Spanish Cistercian monastery of San Andeé&rdoyo was examined.
Strontium isotope ratios

The amounts of*Sr, 8Sr and®Sr isotopes are constant in nature whir increases with
time as it is formed by the radioactiedecay of rubidium%Rb, t,, = 4.88 x 16° years)
(Faure, 1986). Variation in strontium isotope cosipon in natural materials is
conventionally expressed as tH&rF°Sr isotope ratio. If rubidium and strontium are
incorporated into a mineral or rock at its formatiand the system remains closed with
respect to those elements, then the amoufifSif increases over time as radioactiVi@b
decays, while the amounts ¥8r, #°Sr and®®*Sr remain constant. Therefore, in general, older
rocks will have highef’Srf°Sr ratios than younger ones with the same initialSR ratio
(Capo et al., 1998). The strontium isotopic sigratef a given geological region is
transferred from bedrock through soils and the fobdin into the animal/human skeleton,
substituting calcium in the hydroxyapatite latti(iericson, 1985; Price et al., 1994). For
individuals who consumed locally-grown food, theostium isotope ratios found in their
skeletal tissue will reflect their living region wh their tooth enamel or bone was formed.
Enamel is formed during childhood and is scarcebdifred after its mineralisation (Hillson,
1996). As a result, strontium isotope ratios inmeelreflect childhood residence, if local
foodstuffs were consumed, while bone and dentingimmoally regenerate and incorporate
strontium (Parfitt, 1983), reflecting place of aemce during the last decades of life as long
as local foods were consumed (Price et al., 20B6@).each type of tooth, age ranges for
formation, from initial root/crown calcification tapex closure, are: I1: 4-5 years; 12: 4-5
years; C: 6-7 years; PM1: 5-6 years; PM2: 6-7 yadik 2.5- 3 years; M2: 7-8 years; M3:

12-16 years (Nolla, 1960; Moorrees et al., 1963mDgan et al., 1973). While some intra-



population variability exists, these ranges areseovative and homogeneous for maxilla and

mandible (Chaillet and Demirjian, 2004; Chailletét 2004).

Strontium isotope analysis is a powerful technithet can supply provenance information
directly from the human skeleton. However, in thajornty of cases, diagenetic alteration
does occur and it does not proceed simply by thitiad of soil derived strontium, but
involves partial exchange with the original biogemnaterial (Trickett et al., 2003). As
Montgomery (2010) pointed out, although it wouldusy useful to use bone to extend the
period of life for which strontium isotope data cha obtained, and methods have been
suggested for the removal of diagenetic strontitomfbone (Sillen and Legeros, 1991; Sillen
and Sealy, 1995), there are still major concerrsr @uch data unless it is used to simply
provide information about the local biosphere diton isotope ratios (Montgomery, 2002;

Montgomery et al., 2007; Evans et al., 2010).
Entheseal changes (EC)

Activity-related stress refers to any activity tisauses repetitive and/or regular movements or
patterns of movements that exert stress on the utasdeletal system (Alves Cardoso and
Henderson, 2010; Henderson et al., 2013). In thises, it is important to bear in mind that
EC are not necessarily the result of a heavy warkrbore the consequence of repetitive
work. For many authors, a link can be establishetd/éen habitual physical activities during
ontogeny and EC (Dutour, 198Gshed et al., 2004; Hawkey and Merbs, 1995; Kennedy
1983; Niinimaki, 2012; Weiss, 2007), that shouldupelerstood as any deviation from normal
anatomy at entheses, or area where a muscle,madigaor a tendon attaches (Benjamin et al.,
2002). Hawkey and Merbs (1995) defined them as sndréit occur where muscle, tendon or
ligament inserts onto the periosteum and into thdedying bony cortex. It is widely
accepted that EC reflect the effect of muscle ughgmighout the course of life. However,

factors such as the age (Milella et al., 2012; Hesah, 2013; Niiniméki and Baiges Sotos,



2013; Takigawa, 2014; Schrader, 2015), sexual reiffees due to the existing gender-based
differences between endocrine and metabolic sys{elagelkova et al., 2013) alongside the
particular anatomy of the attachment site have lot@med to be related with the level of the
EC expression (Villotte et al., 2010a; Milella ¢t 2012). From a medical point of view, EC
can be induced by numerous conditions, ranging fpathmological to behavioural (Jurmain,
2009). Therefore, it is necessary to take into antall the possible etiological factors that
can influence the development of EC as, for exanpéimatisms (fractures, amputations,
luxations, etc.), some pathologies (spondyloartatieg, ankylosing spondylitis, tuberculosis,
leprosy, etc.), genetic background or even hormdifldrences between females and males
(Daly, 1994; Sumnik et al., 2006, Foster et al180So although EC have been used to infer
patterns of physical activity, it is clear that,eavnowadays, they are poorly understood

(Villotte and Knusel, 2014).
The San Andrés de Arroyo Monastery

The Cistercian Order was founded by Saint Robeiolesme in 1098. This congregation
was born in Citeaux (Cister), in the diocese ofl@iaur-Sadne, which nowadays belongs to
Dijon (France). Since the TZentury, it played an important role in Spanidigieus history,
with the San Andrés de Arroyo Monastery being ampriexample of rural Cistercian
architecture. This enclosed female monastery stémtin the municipal district of Santibafez
de Ecla (latitude 42° 42°N; longitude 4° 22"W)hwe inorthern part of the Spanish province of
Palencia (Figure 1). Although the foundation ddtéhe monastery is not clear, it is assumed
that it was founded in 1181 by the Countess Medeidara (Almaraz, 1900). This leads to
the theory that the construction workings startédhe end of the 1% century, as the
monastery chapel was consecrated in 1222. The nespawas finished within the {4
century, although many works and refurbishmentdchviconferred its current aspect, were

carried out during the following centuries (GutePajares, 1993).



According to the Cistercian premises, the life led tnembers of the monastery was centred
on the cloister. Thus, the rooms of the Cistersiaters were located to the east of the cloister
while the rooms of the converted Muslims and Jewsupied the western part (Cocheril,
1964). The chapel, situated to the north of thestdo as the Cistercian premises require, was
built throughout the 1B century. The Lobby of the Faithful (a room typiczfi female
monasteries), which is immediately located to tbgmof the nave of the chapel, was used as
a clinic until the modern period. Since then, i le@en used to divide the parish cult from the
monastic rituals (Figure 2). Like the Lobby of tkaithful, the North Hall belongs to the
initial core of the monastery and they were buiitvieeen the 18and 14 century. In spite of
the fact that its utility is not clear, it could Jeabeen used as meeting room or place of
voluntary retreat for noble women (Gutiérrez PagarE993). On the other hand, it is not
exactly known when the converted stopped livinthimwestern wing of the cloister, although
it is clear that this population disappeared in ¥ century, as all these rooms were
remodelled and transformed into a granary in 1&83pite the fact that the monastery has
never been abandoned since its foundation, the @tatvhich this building was at the
beginning of the 2D century, made necessary interventions in orderéserve and renew
some structures (San Gregorio Hernandez et al9)2&ihce this moment, all the renovation
works have been promoted by the regional governrglemita de Castilla y Ledn). The last
one, which took place between 2007 and 2008 wiéhdim of renewing the granary, the
courtyard, the North Hall and the Lobby of the Rhit, prompted the finding of several

human remains which are subjected to study in tegmt work.
Archaeological excavations

The granary

Architecturally, the granary suffered numerous sfarmations since it was first built in the

12" century. During the 2007-2008 archaeological cdgmaa dozen tombs were found in



this building of the monastery. Sarcophagi (mambde out of limestone) and sandstone cists
shared here the same burial complex. While theistemce of both kind of burials is not rare
in this area of Spain (Dominguez Bolafios and Nufnz@lez, 2003; Morlote et al., 2005), it
is indeed more common to find them separately. &pdnagi were usually reserved for people
of noble background due to its high cost while samge cists were the only funeral practice
in most villages, forming entire necropoleis. Ad #ie different burials found at the
monastery, the tombs from the granary are displaygd E-W orientation according to
Christian rituals. The higher antiquity of the lasiin relation to the granary, which was built
between the 6and 17" centuries, can be certified as they were founceutite base of the
walls of this building. Moreover, the typology diet sarcophagi and cists can be clearly
ascribed to a period between the last decadeseafdhcentury and the first half of the "14
century (San Gregorio Hernandez et al., 2009). Agnalh these findings, four sarcophagi
were outlined against the rest. They were extgrriadipezoidal with an anthropomorphic
profile on the inside. Surprisingly, simple graviée® most common burials during the Middle
Ages, were not present at all. However, it is nosgible to discard their existence as the
dimensions of this graveyard are unknown becaudg thre burials beneath the parts

subjected to refurbishment were excavated (Sandéreglernandez et al., 2009).

The courtyard

The archaeological excavations in the courtyardevoarried out in the northern part of the
North Hall and the Lobby of the Faithful (Figure 2hese excavations allowed finding 18
burials. The typology of this area is the most e@rof the monastery with three out of the
four typical funeral burials of this region of SpalSarcophagi, cists and simple graves were
found but not anthropomorphic tombs excavated akgspuncommon in this region anyway
because of the clayey terrain (Nuiio Gonzalez, 200R2¢ sarcophagi of the courtyard are

similar to the granary ones, being trapezoidah&exterior and anthropomorphic to the inner



part. Simple graves consisted on a pit on the gtannwhich the body was placed and
covered again with the same soil. It is worth sgyimat there is no special distribution of the
burials, although the most elaborated tombs, likss@nd sarcophagi, seem to be located in
the southern part of the courtyard and thus, cltzséne chapel. This may suggest that people
with higher purchasing power could have paid fordséone cists or sarcophagi in order to be
buried next to the chapel (Van Den Eynde Cetut@220However, it is important to take into
account that, due to the presence of humerous rogtgrops in the area, it was not difficult
to obtain the raw material to make these tombs.eldegr, there are some cases in which
tombs were made with ashlars that were probablwaiodtd from previous constructions
carried out in the monastery throughout these cestuln this burial complex, there are few
archaeological evidences to aid chronological datihough some ceramics were found and
have been dated as "™LZentury. According to this chronology, as well the general
characteristics of this graveyard, it could be itdago establish a relationship with the burials
of the granary. Due to numerous similarities betwgem, it is possible to think that both
places could have been used at the same time dgastt in a period close in time (San

Gregorio Hernandez et al., 2009).

The North Hall

The construction of the North Hall building tookape between the end of the™&entury
and the first years of the 14entury according to its structure and decoratiasswvell as for
its 14th century inscriptions (Gutiérrez Pajareéd93). In this case, 17 tombs were found. The
majority are simple graves though three sandstasts are also present. The finding of
ceramic remains in this area has permitted to these burials as f'3century. Bearing in
mind this dating, some typological similaritiesdatine proximity to the tombs found in the
courtyard (Figure 2), it would be possible to thitlat all these burials formed part of the

same funeral complex (San Gregorio Hernandez,e2G09).



The Lobby of the Faithful

This area is particularly interesting for the grdansity of burials that are present. In fact, a
total of 26 simple graves were found in 12. iBuch a high concentration of tombs might be
due to the wish of the people to be buried as stoas possible to the chapel. In this
graveyard, the presence of artefacts that couldsled for a reliable dating is very scarce. In
this sense, only two small batches of ceramics ired and both belong, again, to thd"'13

century (San Gregorio Hernandez et al., 2009). dlaisng contrasts with the data obtained by
the company UNOVEINTE S.L. (2007) as a copper medayold Spanish coin) from the

15th-16th century was found in the hand of oneetkel who was buried in a grave in the
opposite side of the chapel. It is very complicatedobtain a conclusion regarding this
chronological difference but it would be possildecautiously think that places close to the

chapel were previously occupied.

MATERIALS AND METHODS
Samples

Osseous material was directly provided by the aclugists in charge of the excavations,
under responsibility of the Regional GovernmentGHstilla y Ledn. All the skeletons
subjected to study were found in burials dated fithim 13" to the 14 centuries, which
corresponds to the Spanish High Middle Ages. Aftex archaeological intervention, 29
individuals were analysed (6 at the granary, hatdourtyard, 6 at the North Hall and 10 at
the Lobby of the Faithful), of which 13 had presshtheir teeth. Table 1 displays the sex,

age, presence and type of teeth and, burial typeamation for each studied individual.

Additionally, 7 domestic faunal samples, which esant the total number of animal samples

found during the 2007-2008 archaeological campaigre also analysed in order to define,
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along with the human bone samples, #8rf°Sr local range (Buzon et al., 2007;
Montgomery et al., 2003). These faunal samples wefiaed as S-B 01 (sheep ischium), S-B
02 (sheep mandible), S-B 03 (sheep metatarsal), B-Bsheep orbital), S-B 05 (sheep

vertebra), C-B 01 (cow metatarsus) and S-T 01 (sheaar tooth).
Sex and age determination

Biological sex determination for all individuals erv20 years old was based on methods
which relied on classical morphological parametd#rsexual dimorphism in the pelvis and
cranial morphological aspects (Buikstra and Ubelak®94; Byers, 2005). Estimating the
age-at-death of an adult skeleton is a critical ponent of forensic studies. The assessment
of it was based on the main macroscopic changekeopelvis with the following criteria:
metamorphosis of the pubic symphysis (Brooks andh&y 1990; Rissech et al., 2012;
Wink, 2014), changes of the auricular surface efittum (Lovejoy et al., 1985) and, stages
of tooth attrition (Hillson, 1996). The general geace of degenerative changes of the
skeleton was also considered. The use of crarvauot for age determination is considered
very controversial because its results are largehgliable and irreproducible, with a medium
to poor correlation between suture closure and(bigeshkovitz et al., 1997; Galera et al.,

1998).
Recording of entheseal changes data

Notwithstanding the questioned possibility to ebsiiba relation between EC and activity,
some recent studies of EC of skeletons are basdtieohypothesis that the first reflect the
physical activity of our forebears (Havelkova et @013; Henderson, 2013; Lieverse et al.
2009; Lieverse et al. 2013; Villotte and Knusell20Schrader, 2015). This is due to the fact
that specific movements carried out frequently affeoth structure and morphology of
entheses (Benjamin and Hillen, 2003; Galtés eR@DG). But despite it, the relation between

muscular activity and EC and the how to bettertheen for inferring the activity in life is far
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from being clear. For an extended discussion segoSaet al. (2011) and Henderson and

Alves Cardoso (2013) and references therein.

Although several qualitative methods have been Idped and proposed for EC recording
(Hawkey and Merbs, 1995; Al-Oumaoui et al., 2004aridtti et al., 2004, 2007; Villotte,
2006; Alves Cardoso and Henderson, 2010; Villottal.e 2010a; Henderson et al., 2013), no
single method is currently widely accepted (Schrad@l15). However, many authors agree
that one important first step implies the distiontibetween fibrous and fibrocartilaginous
entheses (Benjamin and Ralphs, 1999; Benjamin.eR@02; Villotte et al., 2010a; Weiss,
2015). Thus, 17 fibrocartilaginous postcranial @itaents sites were selected as presented in
Table 2 and Table 3. All of them have been assessguevious studies and reflect the
activity of the whole body. To avoid confoundingidividuals clearly affected with
pathologies along with individuals under 20 yeaitd were excluded from the study.
Individuals affected by disease are complicatedstgess as entheseal development might be
compromised or altered. On the other hand, immeadnd young individuals are not expected
to have overused specific muscles that lead téattmeation of bony lesions, and thus they are
uninformative. Each individual was included in di#nt categories according to the specific
EC found on it. For such a purpose, three out efftlur categories of occupations proposed
by Villotte et al. (2010a) were used. In each catggve give examples of probable activities
or trades of these centuries (13th and 14th), awiaking into consideration that it is not
possible to infer from the interpretation of en#adschanges specific professions or
occupations. The three groups here presented arfeltbwing: (i) Group A Manual workers
like shoemakers, tailors, weavers, home servatds, @) Group B Manual workers who
carry heavy loads and/or are involved in vigorasks, for instance carpenters, masons, rural
workers, butchers, bakers, blacksmiths, stone snglpmetal workers, tanners, etc.; and, (iii)

Group C Manual workers, probably involved in vigorouskigsin this latter case, it is

12



possible to include manual jobs which imply heauysgcal labours like soldiers, day
labourers, unskilled workers, etc. In the presedntlys the group related to non-manual
workers (like priests, storekeepers or landowness o cite a few) was discarded as their

putative poor physical development is difficultidentify by the proposed EC.
Strontium isotope analysis methodology
Bones

Cortical femora human samples were cut in thin slab the Faculty of Geology of the
University of Oviedo using a continuous band diachdisc saw (350 mm diameter, 10 mm
thick) while animal bones, due to their smalleresiwere cut by means of a Dremel drill
equipped with a diamond disc saw. In this studyndea bones were used for the
determination of strontium isotope ratios becausmeb with low turnovers are less
susceptible to diagenesis than others with raprdotters. For the same reason, cortical
femora was sampled instead of trabecular (Builedtia., 1989; Lambert et al., 1982). X-Ray
radiography was used to check the integrity offédmora bones. Due to this, it was possible
to detect soil inclusions that might interfere e tbiogenic fraction of the bone. Anterior-
posterior radiographs were taken at the Hospital/érsitario Central de Asturias (HUCA-
Oviedo) using a Kodak Industrex AX ready pack fivith an exposure time of 10 ms at 10
mA and 90 kV. All the different bone samples wereund in a MM20 ball mill at the
Department of Biology of Organisms and Systems bé tUniversity of Oviedo.
Approximately 0.2 g of bone powder was transfeteeBTFE vessels and digested in 5 mL of
subboiled HNQ@ and 3 mL of Suprapur 4, 30% using an Ethos 1 Milestone microwave
oven. After this pretreatment, the samples wenesteared to PTFE vessels and digested in 5
mL of subboiled HN@ and 3 mL of Suprapur 4, 30% using an Ethos 1 Milestone
microwave oven. Subsequently, the isolation ofrgtuon was performed with a strontium-

specific extraction chromatographic resin followithg protocol described by De Muynck et
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al. (2009). Finally, strontium isotope ratio mea&suents were carried owia Inductively
Coupled Plasma Mass Spectrometry using a multiolte instrument housed at the
University of Oviedo (Thermo Electron Corporatioixperimental intensities at masses 86
and 87 for each run were corrected for the contiobuof ®Kr and®’Rb using the reference
IUPAC ratios®Kr/®Kr of 1.5025 and®’Rb°Rb of 0.38562 (Berglund and Wieser, 2011).
Then, the experiment&fSrf®Sr ratio was calculated and the mass discriminddotor was
computed using the exponential model taking $82°Sr certified value for the standard
NIST SRM 987 sSrP°sr = 8.37861) as reference. The accuracy and ttenek precision
for the NIST SRM 987 during the MC-ICP-MS measuraetngession was also monitored,
obtaining a 0.71052 + 0.00006 value (uncertaintgiven as standard deviation for n = 50)
for the ®’SrP°Sr ratio, which is in excellent agreement with teetified value of 0.71034 +

0.00026.
Teeth

Permanent tooth enamel from 13 individuals was $aanpsing a Dremel drill equipped with
a diamond disc saw. Both maxillary and mandibulatars and premolars were preferably
sampled. However, they were not always availableafiothe individuals, as shown in Table
1. Enamel was collected from the occlusal surfac¢he cemento-enamel junction (CEJ).
Although enamel is harder, denser and more inart bone and, therefore, less susceptible to
diagenesis, basically due to its relatively larg@gphate crystals (> 1 um) and its compact
structure with little pore spaces (Hillson, 1996)dK, 1997); approximately 40 mg of enamel
was mixed at room temperature with 5 ml of aceticl % and immersed in an ultrasonic
bath for 10 minutes to remove possible contamingBitien and Sealy, 1995; Nielsen-Marsh
and Hedges, 2000). Once the acetic acid was remeveanel was rinsed three times with
ultrapure water. Afterwards, samples were transteto flat-bottom Teflon (PFA) screw cap

vials and digested in a hot plate with 1 ml of spitdnl HNG; and 1 ml of Suprapur 10,
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(30%) at 110°C for 30 minutes. Strontium was trsatated and measured by MC-ICP-MS as

described above for the bone material.
RESULTS
Strontium isotope ratios

Strontium isotopic data obtained for both human anioihal remains are shown in Table 4
and Figure 3. In the case of humans, bdBe’°Sr isotope ratio values range from 0.70864 to
0.70946 while tooth enamel values range from 0.8086 0.71234. On the other hand,
87Srfosr isotope ratio values found in animal bones Vewgn 0.70861 to 0.70901 while the
sheep enamel sample has®&®r/°Sr value of 0.70890. The bioavailalSiSrF®Sr signature
for this region was defined by the human bone samypihose value is 0.70896 + 0.00044
(n=29; mean * 2s.d.). The reliability of this rangas supported by determining the strontium
isotope ratios in domestic faunal skeletal tissasdpcal’SrP®Sr is also usually determined
by local fauna (Price et al., 2002). The obtairmuge was 0.70884 + 0.00031 (n=6; mean *

2s.d.).
Entheseal changes

A detailed study based on musculoskeletal streskarsawas also carried out. It is important
to stress that, like in the case of strontium iget@nalyses, the MSM data should be
interpreted with caution as a probable result beven as a final one. However, the
combination of both methodologies permits to suppach other and, therefore, leads to a
more reliable interpretation of the obtained daia. results of this assessment, Table 5
compiles several possible labour-related activif@sall the analysed individuals based on

their EC, while Table 6 gathers detailed EC datenfeach individual subjected to study.

In the present study, among all the skeletal remy&@nfemales were found (UE 14, UE 251,

UE 258, UE 3006 and UE 9004). According to their, ERese individuals could have
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performed activities demanding little muscular #ffoso they should be included
preferentially in group A (i.e.: farming, weaving eseamstressing). In the case of males,
activities related to a more demanding professimn abserved — Group B or Group C-
(among others carpentry, blacksmithing or woodnogttirades were probable among the
individuals investigated). Regarding to the stnemtiisotope ratio data displayed in Table 4,
the individuals named as UE 108 and UE 114 couldléfemed as non-locals, so special

attention was given to them.
Individuals defined as non-local by strontium igmaatios

Individual UE 114

This individual is a male who died at the age of5@0years. His height was estimated as
168.77 cm by adapting the method described by Ktraigg et al. (2006) to the regression
formulae proposed for the Spanish population (Nu©698). The upper extremities present
numerous marks of entheseal changes, showing grée¥elopment on the right side. This

fact indicates a possible preferential use of tgbtrside. Markers related with abduction of
the shoulder(supraspinatus and teres minor ECgrnal rotation (subscapularis EC) and
external rotation (infraspinatus and supraspin&i@¥ were observed in both arms (Kapandji,
1987; Palastanga et al., 2007). The anconeus mestheseal marker, which extends the
forearm at the elbow (Hawkey and Merbs, 1995), I$® gresent. Flexion and extension
movements are represented mainly by the brachitlgps brachii, biceps brachii and

brachioradialis muscles EC in the radius and utmaeb (Nygaard et al., 1983). The elevation
of the anconeus flap is only found in the left amwhjch would be associated in this case with
maintaining an extended position (Athwal et alQ@0 Other observed markers in the UE114
male were associated with supination/pronation artknsion/flexion movements of the

hand, such as the common origin of wrist extensmi$ flexors, in the lateral and medial

epicondyle of the humerus, respectively (Ettemal.et1998). In the lower limb remains, the
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different EC found are related with movements, edusy weight-lifting from a bent-legged
position (Capasso et al., 1999), riding horsestanding up for long hours. We want to
highlight the finding of the obturator internus leegéeal marker in the left femur, although is
not included among the 17 EC selected for this waskit has been associated with hand-to-
hand fighting (Bethencourt Alfonso, 1994; Estévean@alez, 2002). On the whole, the
movements indicated by the markers are associatdd astivities entailing one arm that
makes a sudden powerful movement (which would beitiht one) and a static arm probably
used for holding (which would be left one). Peramissactivities as wood chopping, stone
sculpting, or metalworking would be compatible witrese markers (Capasso et al., 1999;
Kennedy, 1989). Archery and warfare activities vahilevolved fighting with an object in one
hand, and a protective element in the other oneildvalso be compatible (Dutour, 1986;
Stirland, 1993). It is also interesting to mentibrat this man shows a traumatism and an
injury in the left supraorbital edge of the fronkadne; both caused by a sharp weapon as the
area shows remarkable inflammation (Figure 5). Tésfon was not fatal for him, since there

are clear signs of bone remodeling.

Individual UE 108

These human remains belong to a man over 60 y&het the time of death, with a stature of
173.80 cm (well above the exhumed population aweradpich is 166.59 + 5.35 cm). In the
upper limb bones, many markers of occupationaksthave been found in both sides of the
body. Around the shoulder joint, the same UE 1tividual markers appear. This fact can be
also interpreted as the consequence of frequenaciibd and internal/external rotation
movements (Wienker and Wood, 1988). These markave l distinct bilateralism in their
presence as well as in their development degreepefor those found in the proximal end of
the humerus (supraspinatus, infraspinatus and apbkis), which only appear or are more

developed on the left bone. Regarding the elbowrethare clear markers of repetitive
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extensions and flexions of the arm (Kennedy, 1988rales Padrén, 1993). In this case, we
can see a greater development of the triceps bractiiesopathy in the left ulna than in the
right one; which is a marker related to repeateddsen elbow extensions (Dutour, 1986;
Estévez Gonzéalez, 2002). The appearance of thatelavof the anconeus flap in the right
side could be related to this marker, as this neuischssociated with a continued expansion of
humeroulnar joint (Capasso et al., 1999). All theskers may indicate that the preferred
arm for percussion movements was the left, whikeright one performed holding or other
static actions. In the wrist, the presence of r&dgethe dorsal tubercles of both radii should
be highlighted, as this is closely related to ECthe wrist flexor and extensors muscles
(Kennedy, 1989). This is a sign of the stress egpeed by the muscles and tendons of the
hands while grasping objects for extended periddsme (Capasso et al., 1999). Despite the
fact that the legs of this individual were incontplehere were many markers of occupational
stress that revealed a strong muscle mass in ths &mong them, the great degree of
development of the site of insertion of the gluteusdius, should be emphasised. The illiac
psoas enthesopathy at its insertion on the lessenanter, which is related to hip stability
when the individual is in an unstable positionalso observed (Kapandji, 1987). Gluteus
medius and minimus enthesopathies on both greatdranters indicate the habit of standing
up for prolonged periods, or the frequent use ovenwents which require abduction or
external/internal hip rotation (Dutour, 1986; E€EVGonzalez, 2002). The coupling of all
these markers has often been associated with thiediaiding and the awkward posture and
muscular tension which arise from it (Capasso andT@a, 1996). This hypothesis is
strengthened by the presence of the round ligaewhesopathy on the head of both femurs,
which is responsible for restricting the flexion vement of the femur when accompanied by
the abduction movement (Kapandji, 1987; Kennedy9)9This fact has been commonly
linked to riding habits by various authors (Dutol®86; Estévez Gonzalez, 2002; Kennedy,

1989). Overall, the movements associated with tlaekers described for this individual,
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suggest professional exercises such as blacksmitriistone sculpting. Additional evidence
related to the habit of riding may also suggesitanil activities (Morales Padron, 1993). In
fact, all of these occupations are not mutuallyl#sige, as “commoner knights” were a
sizeable part of the Christian hosts mobilized miyifledieval times in the Iberian Peninsula
(Showalter, 1998). These were professional soldigtsa non-noble background which were
mustered by a minor feudal lord, and for their satling Alphonse X (1221-1284) even
recommended to preferentially recruit carpentersithrs and stonemasons, as “they are

skilled for wounding and strong of hand” (Russ2001).

DISCUSSION

The presence of different types and places of luauld suggest (at first sight) the
possibility of providing information about the siat way of life or labour activities of the
different individuals. However, the fact that alirtals could have formed part of the same
funeral complex makes obtaining conclusions diffictAlthough people with higher
purchasing power could have paid for sandstons cissarcophagi, due to the presence of
numerous rocky outcrops in the area, it was ndicdif to obtain the raw material to make
these tombs. There are some cases in which tomigsmaade with ashlars that were probably
obtained from previous constructions carried outh@ monastery throughout centuries. So,
from these data, it is not possible to obtain arckelationship between sandstone cists or
sarcophagi and people with a high status. Tableolvs that sarcophagi were found both at
the granary and the courtyard. The granary is famfthe chapel when compared to the
courtyard. So, once again, it seems that there @rious relation between type and place of
burial. As already pointed out, it would be possiti cautiously assume that places close to

the chapel were previously occupied irrespectivinefsocial condition.
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On the other hand, according to the available dadth biological sexes were buried in the
different burial places regardless of the type ofidl. However, as only five female
individuals were analysed, definitive interpretagoare difficult to achieve. A particular
aspect of the burials is that at the Lobby of th&tful only simple graves were found. Being
this place the closest one to the chapel, thisdlrenhgthens the possibility that this area was
first occupied irrespective of the status. To symiuis of great importance to be very careful
when interpretations regarding spatial and sodfééréntiation within the graveyard site are
to be proposed and, therefore, other approachesdshe used to understand the San Andrés

de Arroyo complex.

As a result, the use of strontium isotope analygfisred the possibility to shed some light on
the history of the monastery. First of all, it isdortant to define the bioavailabt&srPesr
signature for a given region, which can be obtaibg@nalysing the human bone samples as
previously said. Table 4 and Figure 3 displays diaga which permitted to define local
87Srf°Sr range as 0.70896 + 0.00044 (n=29; mean + 2svHifh is in good agreement with
the average value of the different animal bone $asnpvhose value is 0.70884 = 0.00031
(n=6; mean % 2s.d.). This fact strengthens theldity of the local range here presented.
According to the results presented in Table 4 @naé¢ 3, all of the females present strontium
isotope values in enamel (when available) that\atlein the local range. Similarly, the same
can be said in the case of males. Although somigithails, like UE 21, UE 22 or UE 265,
present slightly highet’Srf°Sr values, due to the proximity of these data elifmits of the

local range, it would not be sensible to state tiay were allochthonous.

For this reason, only the individuals named as 08 dnd UE 114, were considered as non-
locals as their enamé&/Srf°Sr ratios (UE 108: 0.71234 + 0.00008; UE 114: 0841&
0.00012) are clearly different from the defineddbrange (0.70923). This fact is, without

doubt, consequence of an early life in other gaolarea.
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The data provided by the strontium isotope ratans loe supported and better interpreted with
the help of musculoskeletal stress markers. Theréhple 5 compiles the labour-related
activities for all the individuals subjected to bsés, and detailed individual-level
information is supplied on Table 6. As can be obs@r most of the individuals belong to
Group B as expected in a Spanish rural environmering the 13 and 14' centuries. Such a
group gathers rural workers and artisans whosepatimns meant possible strong physical
effort like carpenters, blacksmiths or woodcutt&hile Group B is mainly formed by males,
Group A is typical of females and includes manahblur tasks that do not involve special use
of strength (farmers, weavers, seamstresses, wesmen, etc.). Although these last
activities were linked to the life of nuns (“sig®rin a monastery during the Middle Ages, it
is worth taking into account that no entheseal gbarrelated to the monastic life (strictly
speaking), like the presence of medial and latgahtting facets on the tibia and talus, were
observed. Nuns should also show a dorsal extedithe joint surface on the first metatarsus
and first foot phalanx, as well as a bilaterallgefaat the anterior surface of the distal end, due
to the hyperflexion of the ankle (Capasso et @99). Moreover, no knee osteoarthritis
(typical lesion which is consequence of repetitilxions and kneeling for daily praying),
was observed either. Sisters should also show sadextension of the joint surface on the
first metatarsus and first foot phalanx, as welbdsilaterally facet at the anterior surface of
the distal end, due to the hyperflexion of the ankCapasso et al., 1999). Therefore,
according to what has been explained, it is nosiptes to state that these females were sisters
of the Cistercian Order. On the other hand, amohgha specimens analysed, special
attention was paid to the UE 108 and UE 114 indiaid. All the information given by the
entheseal changes combined with the strontiumpsotatios data would permit us to assume
that these individuals could have been soldierseamt, during their youth. This hypothesis
might be supported by the fact that in thé" &8d 14" centuries, the Iberian Peninsula was

still immersed in the Spanish Reconquista, a peofodlmost 800 years in the Middle Ages
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during which several Christian kingdoms fought aswtceeded in retaking the territory
conquered by the Muslims, who occupied almost ¢iaity of Iberia between the years 711
and 722 (Lomax, 1978). The presence of these ithdials in the graveyard of the San Andrés
de Arroyo Monastery is not rare if we consider thrinasteries had guest quarters in which
people from different origin and social backgroumesre accommodated. Between thd' 13
and 14 centuries Muslims only controlled the southernt pafr the Iberian Peninsula
(Kingdom of the Almohades; Figure 4), so these\ittials could have moved to a more
northern place to spend the last years of theasligfter fighting for years. EC related to
frequent percussion movements and steady holdindneafvy objects fit well with the
preferred fighting style of Christian hosts durthg Reconquista War, based in large numbers
of men-at-arms and riders with swords and spearghich knights required to carry shields
at all times under the risk of demotion (Garcia ritag 2013). In this sense, in 1900, the
Bishop of Palencia, Enrique Almaraz, reported thesence of swords in three sarcophagi
found at the chapel of the monastery, suggestiagptssibility that these individuals could
have been knights (Almaraz, 1900). Additionally,Pasvell (1986) pointed out, the crusade,
as a vocation, could tap into the powerful lay fiagton with the ideals of monastic life, the
vita apostolicaand theimitatio Christi This intertwining was specially powerful in the
Christian kingdoms of the Iberian Peninsula, whawenerous military orders were created
and had an active role in all matters of statelwttieast the 16 century (Goddard-King,
1921). Religious fervour was also regarded asangtelement of cohesion for militia units,
especially for the commoner knights, despised by thoble counterparts but usually admired
by the general populace as virtuous icons (Garaente, 2013). Such a close relationship
between faith and the life of soldiers, strengtloetiee religious view that Crusadeing was a
fitting instrument for the moral transformation thie individual Christian and the Christian

society as a whole (Powell, 1986).
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CONCLUSIONS

San Andrés de Arroyo is regarded as one of the mygmirtant Cistercian monasteries in the
Spanish region of Castilla y Leon. In the presduntys 29 individuals, who were exhumed
during the archaeological campaign that took pldagng 2007-2008, were subjected to
analysis. All studied skeletons were found in brighich were dated as 13nd 14' AD.
The use of strontium isotope analysis permittetbudentify 2 individuals who, according to
their enamef’SrPSr ratios, clearly spent the first years of théies in other geological
regions. Additionally, a detailed study based omheseal changes, could connect these
individuals to fighting and military activities; pporting a possible past occupation as
soldiers during the Spanish Reconquista. On therdtand, the individuals defined as locals,
are related with labours included in the nant&eup B like carpentry, blacksmithing or
woodcutting trades in the case of males; while fagnweaving or seamstressin@roup A
were usually performed by females. The combinabbrstrontium isotope ratios with EC
permitted to better define and understand the walif® in the San Andrés de Arroyo
monastery, as well as to differentiate betweenléoaad non-locals within the population of
this place. Moreover, according to what has begiaemed, this study can be considered as
the first experimental indication that during th@"iand 14' centuries Spanish monasteries
served as the last refuge for soldiers, as histerlaave recently proposed (Pascual Sarria,
2003; Valdedn Baruque, 2006). Therefore, by conmmiginboth approaches it would be
possible to experimentally corroborate the hisarinformation of a given population, and
this methodology should instil confidence in futamcient osteological studies. Although a
small part of the monastery was excavated andefibrey, the boundaries of the graveyard
beneath it are still unknown; the results presemteithis study shed some light on the up to
now lack of information about the people buriedotighout centuries in this Cistercian

building.

23



ACKNOWLEDGEMENTS

Dr. Diego Alvarez Lao (Department of Geology, Uniity of Oviedo) is thanked for his
assistance in the identification of the animal staltissue. This research was supported by
the Spanish Ministry of Science and Innovation (NN®; project CTQ2009-12814) and the
Consejeria de Educacion y Cultura de la Junta d#ll@ay Ledn (CN-09-092 contract). The
provision of FEDER/ERDF (European Regional Develephtund) funding for the purchase

of the multicollector ICP-MS instrument is also aokwledged.

24



REFERENCES

Al-Oumaoui 1., Jiménez-Brobeil S., and Du Souich(Z04) Markers of activity patterns in
some populations of the Iberian Peninsula. Intesnat Journal of Osteoarchaeology, 14:

343-359.

Almaraz E. (1900) Real Monasterio de San Andrésmeyo (Palencia). Boletin de la Real

Academia de la Historia, 36: 210-229.

Alves Cardoso F., and Henderson C.Y. (2010) Enthetby formation in the humerus: Data
from known age-at-death and known occupation skkelatllections. American Journal of

Physical Anthropology, 141: 550-560.

Athwal G.S., Rispoli D.M., and Steinmann S.P. (2006e anconeus flap transolecranon

approach to the distal humerus. Journal of OrthdipakTrauma, 20: 282-285.

Benjamin M. and Ralphs J.R. (1999) The attachménémmdons and ligaments to bone. In:
Archer C.W., Caterson B., Benjamin M., and Ralpl®.,Jeditors, Biology of the Synovial

Joint. Harwood Academic Publishers, Amsterdam 3p(-371.

Benjamin M., Kumai T., Milz S., Boszczyk B.M., Bazyk A.A., and Ralphs J.R. (2002)
The skeletal attachment of tendons--tendon “enfies€omparative Biochemistry and

Physiology Part A: Molecular & Integrative Physigio 133: 931-945.

Benjamin M. and Hillen B. (2003) Mechanical infleems on cells, tissues and organs-

'‘Mechanical Morphogenesis'. European Journal ofgtiology, 41(1): 3-7.

Berglund M. and Wieser M.E. (2011) Isotopic compioss of the elements 2009. IUPAC

technical report. Pure and Applied Chemistry, 887-310.

Bethencourt Alfonso J. (1994) Historia del PueblamaGche. Tomo Il. Etnografia y

Organizacion Socio-Politica. Francisco Lemus, Lgure.

25



Boyd R. and Richerson P.J. (2009) Culture and theludon of human cooperation.
Philosophical Transactions of the Royal SocietyBiblogical Sciences, 364(1533): 3281-

3288.

Brooks S. and Suchey J.M. (1990) Skeletal age mgtation based on the os pubis: a
comparison of the Acsadi-Nemeskéri and Suchey-Bran&thods. Human Evolution, 5: 227-

238.

Buikstra J.E., Frankenberg S., Lambert J.B, and Xugl989) Multiple elements: multiple
expectations. In: Price T.D., editor, The ChemisifyPrehistoric Human Bone, Cambridge

University Press, Cambridge, pp.155-210.

Buikstra J.E. and Ubelaker D.H. (1994) Standardsdfta collection from human skeletal

remains. Arkansas Archaeological Survey ReseardesSio. 44, Fayetteville, Arkansas.

Buzon M.R., Simonetti A., and Creaser R.A. (2007ynetion in the Nile valley during the
new kingdom period: a preliminary strontium isotopeidy. Journal of Archaeological

Science, 34: 1391-1401.

Byers S.N. (2005) Attribution of sex. In: Byers S.Ked.), Introduction to Forensic

Anthropology, Allyn & Bacon, Boston, pp. 151-173.

Capasso L. and Di Tota G. (1996) Duration of lfayses of death, and technological patterns
in some prehistoric populations of central Italyodeedings of the 1st International Meeting
of “Science and Technology for the Safeguard ot@al Heritage the Mediterranean Basin”,

November 27-December 2 1995, Catania - Siracusd)ppl-D120.

Capasso L., Kennedy K.A.R., and Wilczak C.A. (19989as of Occupational Markers on

Human Remains. Edigrafial, Teramo.

Capo R.C., Stewart B.W., and Chadwick O.A. (199&pr8ium isotopes as tracers of

ecosystem processes: theory and methods. Geod&2n7-225.

26



Chaillet N. and Demirjian A. (2004) Dental maturitySouth France: A comparison between
Demirjian’s method and polynomial functions. Jourro& Forensic Science, 49(5): 1059—

1066.

Chaillet N., Nystrom M., Kataja M., and Demirjian. A2004) Dental maturity curves in
Finnish children: Demirjian's method revisited gralynomial functions for age estimation.

Journal of Forensic Science, 49(6): 1324-1331.

Cocheril P.M. (1964) L'implantation des abbayegdectiennes dans la Péninsule Ibérique.

Anuario de Estudios Medievales, 1: pp. 217-287.

Daly R.M., Saxon L., Turner C.H., Robling A.G., aBass S.L. (2004) The relationship
between muscle size and bone geometry during gramdhin response to exercise. Bone, 34:

281-287.

De Muynck D., Huelga-Suarez G., Van Heghe L., Dsgr{., and Vanhaecke F. (2009)
Systematic evaluation of a strontium-specific exticm chromatographic resin for obtaining a
purified Sr fraction with quantitative recovery fnocomplex and Ca-rich matrices. Journal of

Analytical Atomic Spectrometry, 24: 1498-1510.

Demirjian A., Goldstein H. and Tanner J.M. (1973néw system of dental age assessment.

Human Biology, 45: 211-227.

Dominguez Bolafios A. and Nufio Gonzalez J. (2008)itArde San Pelayo, Perazancas de

Ojeda (Palencia). Numantia, 8: 195-244.

Drapeau M.S. (2008) Enthesis bilateral asymmetrjipumans and African apes. HOMO -

Journal of Comparative Human Biology, 59(2): 93-109

Dutour O. 1986. Enthesopathies (lesions of musdansartions) as indicators of the activities

of Neolithic Saharan populations. American Jougid’hysical Anthropology, 71: 221-224.

27



Ericson J.E. 1985. Strontium isotope charactepmain the study of prehistoric human

ecology. Journal of Human Evolution, 14: 503-514.

Eshed V., Gopher A., Galili E., and HershkovitZ2004) Musculoskeletal stress markers in
Natufian hunter-gatherers and Neolithic farmerdhi@ Levant: The upper limb. American

Journal of Physical Anthropology, 123: 303-315.

Estévez Gonzéalez M.C. (2002) Marcadores de EstAagiyidad en la Poblacion Guanche de

Tenerife. Universidad de La Laguna, Tenerife.

Ettema G.J.C, Styles G., and Kippers V., (1998) moenent arms of 23 muscle segments of
the upper limb with varying elbow and forearm piosis: implications for motor control.

Human Movement Science, 17: 201-220.

Ezzo J.A., Johnson C.M., and Price T.D. (1997) wnzdl perspective on prehistoric
migration: A case study from east-central Arizodaurnal of Archaeological Science, 24:

447-466.

Evans, J. A., Montgomery, J., Wildman, G., and Bwoul N., (2010) Spatial variations in

biosphere 87Sr/86Sr in Britain. Journal of the @gmlal Society London, 167: 1-4.
Faure G. 1986. Principles of Isotope Geology, Mfiey & Sons: New York.

Foster A.V., Buckley H., Tayles N., Spriggs M. aBddford S. (2015). Gender, Labour
Division and the Skeleton: A case study from th@ulea Lapita cemetery. University of

Otago Studies in Archaeology, 25: 76-90.

Foster A.V., Buckley H., and Tayles N. (2014) Userghesis robusticity to infer activity in

the past: a review. Journal of Archaeological Mdthad Theory, 21(3): 511-533.

Freeman E.A. (1903) The Spanish kingdoms 1210 AnD.Bury J.B. (ed.), Atlas to the

Historical Geography of Europe. Longmans Green doon

28



Galera V., Ubelaker D.H., and Hayek L.A.C. (199&)n@parison of macroscopic cranial
methods of age estimation applied to skeletons ttmilrerry Collection. Journal of Forensic

Sciences, 43: 933-939.

Galtés |., RodrigueBaeza A., and Malgosa A. (2006) Mechanical morphegis: a concept

applied to the surface of the radius. Anatomicaidre, 288(7): 794-805.

Garcia Fuente P. (2013) El Caballero Villano Dugad Reconquista Castellana. The non

noble knight during Castilian Reconquest. Univgreit Cantabria, Santander.

Giblin J.1. (2009) Strontium isotope analysis ofd\nic and Copper Age populations on the

Great Hungarian Plain. Journal of Archaeologicaéfee, 36: 491-497.

Goddard-King G. 1921. A Brief Account of the MilifaOrders in Spain. Hispanic Society of

America, New York.

Godde K. and Taylor R.W. (2011) Musculoskeleta¢strmarker (MSM) differences in the
modern American upper limb and pectoral girdleatation to activity level and body mass

index (BMI). Forensic Science International 21072312.

Gutiérrez Pajares M.T. (1993) El Monasterio Cigearse de San Andrés de Arroyo.

Diputacion Provincial de Palencia, Palencia.

Havelkova P., Villotte S., Veleminsky P., P@& L., and Dobisikova M. (2011)
Enthesopathies and activity patterns in the Earlgdidval Great Moravian population:

evidence of division of labour. International Jaalraf Osteoarchaeology, 21:487-504

Havelkova P., Hladik M., and Veleminsky P. (2013)tHeseal changes: do they reflect
socioeconomic status in the Early Medieval Centakopean population? (Miktite—
Klastaisko, Great Moravian Empire, 9th—10th century). efnaitional Journal of

Osteoarchaeology, 23(2): 237-251.

29



Hawkey D.E. and Merbs C.F, (1995) Activity-induagedsculoskeletal stress markers (MSM)
and subsistence strategy changes among ancienbii#s/ Eskimos. International Journal

of Osteoarchaeology, 5: 324-338.

Henderson C.Y., Mariotti V., Pany-Kucera D., VitietS., and Wilczak C. (2013) Recording
specific entheseal changes of fibrocartilaginoutheses: initial tests using the Coimbra

method. International Journal of Osteoarchaeol@2gy,152-162

Henderson C.Y. and Alves Cardoso F. (2013) Spelsale Entheseal Changes and
Occupation: Technical and Theoretical Advances dineir Applications. International

Journal of Osteoarchaeology, 23: 127-134.

Henderson C.Y. (2013) Subsistence strategy chariges:evidence of entheseal changes.

HOMO - Journal of Comparative Human Biology, 64@91-508.

Hershkovitz I., Latimer B., Dutour O., Jellema L,MVish-Baratz S., Rothschild C., and
Rothschild B.M. (1997) Why do we fail in aging thleull from the sagittal suture? American

Journal of Physical Anthropology, 103: 393-399.

Heyer E., Chaix R., Pavard S., and Austerlitz B1@) Sex-specific demographic behaviours

that shape human genomic variation. Molecular Eggl@1(3):597-612
Hillson S. (1996) Dental Anthropology. Cambridgeivémsity Press, Cambridge.

Jurmain R.D. (1999) Stories from the skeleton: be&haal reconstruction in human

osteology. Gordon and Breach Publishers, Amsterdam.

Jurmain R.D. (2009) Understanding “musculoskelsta¢ss markers”: their multifactorial
etiology and constraints on simplistic interpreiafi. In: Santos A.L., Alves-Cardoso F.,
Assis S., and Villotte S. (eds.), Program and Adzstbook — Workshop in Musculoskeletal
Stress Markers (MSM): Limitations and AchievemeimsReconstruction of Past Activity

patterns. Centro de Investigacdo em Antropolo@a@de, Coimbra, p. 23.

30



Kapandji I.A. (1987) The Physiology of the Joirdginotated Diagrams of the Mechanics of

the Human Joints, Volume 1: Upper Extremities. Chilr Livingstone, Edinburgh.

Kennedy K.A.R. (1983) Morphological variations iftnar supinator crests and fossae as

identifying markers of occupational stress. Jounf&orensic Scienceg8: 871-876.

Kennedy K.A.R. (1989) Skeletal markers of occupalastress. In: Iscan M.Y., and Kennedy
K.A.R. (eds.), Reconstruction of Life from the Skein. Alan R. Liss, New York, pp. 129-

160.

Koch P.L. (1997) The effects of sample treatmemnt diagenesis on the isotopic integrity of

carbonate in biogenic hydroxylapatite. Journal afifaeological Science, 24: 417-429.

Konigsberg L.W., Ross A.H., Jungers W.L., (2006}irRation and evidence in forensic
anthropology: stature. In: Schmitt A., Cunha Ed &mheiro J. (eds.), Forensic Anthropology

and Medicine. Humana Press, New Jersey, pp. 317-332

Lambert J.B., Vlasak S.M., Thometz A.C., and Buiksl.E. (1982) A comparative study of
the chemical analysis of ribs and femurs in woodlgopulations. American Journal of

Physical Anthropology, 59: 289-294.

Lieverse A.R., Bazaliiskii V.I., Goriunova O.l., @nWeber A.W. (2009) Upper limb
musculoskeletal stress markers among middle Hotodenagers of Siberia's CBaikal

region. American Journal of Physical Anthropolo§$8(4): 458-472.

Lieverse A.R, Stock J.T, Katzenberg M.A, and HawerkC.M. (2011) The bioarchaeology of
habitual activity and dietary change in the Sibehéiddle Holocene. In: Pinhasi R. and Stock
J.T. (eds.), Human Bioarchaeology of the Transition Agriculture. Wiley-Blackwell,

Chichester, pp.263-291.

31



Lieverse A.R., Bazaliiskii V.l., Goriunova O.l., @Weber A.W. (2013) Lower limb activity
in the CisBaikal: Entheseal changes among middle Holoceneri@ib foragers. American

Journal of Physical Anthropology, 150(3): 421-432.
Lomax D.W. (1978) The Reconquest of Spain. Longrhandon.

Lovejoy C.O., Meindl R.S., Mensforth R.P., and BartT.J. (1985) Multifactorial
determination of skeletal age at death: A methaith Wwlind tests of its accuracy. American

Journal of Physical Anthropology, 68: |-14.

Mariotti V., Facchini F., and Belcastro M.G. (2004&nthesopathies: proposal of a

standardised scoring method and applications. Giale Antropologicum, 28: 145-159.

Mariotti V., Facchini F., and Belcastro M.G. (200¥he study of entheses: proposal of a
standarised scoring method for twenty-three enthe$e¢he postcranial skeleton. Collegium

Antropologicum 31: 291-313.

Milella M., Belcastro G.M., Zollikofer C.P., and Matti V. (2012) The effect of age, sex,
and physical activity on entheseal morphology icoatemporary Italian skeletal collection.

American Journal of Physical Anthropology, 148(@)9-388.

Milella M. (2014) The Influence of Life History an8exual Dimorphism on Entheseal

Changes in Modern Humans and African Great ApeaxS RINE, 9(9): e107963.

Molnar P. (2006) Tracing prehistoric activities: souloskeletal stress marker analysis of a
Stone-Age population on the island of Gotland ie ®Baltic Sea. American Journal of

Physical Anthropology, 129, 12-23.

Molnar P., Ahlstrom T.P., and Leden I. (2011) Oat#writis and activity—an analysis of the
relationship between eburnation, MusculoskeletaésSt Markers (MSM) and age in two
Neolithic hunter—gatherer populations from Gotlarleden. International Journal of

Osteoarchaeology, 21(3): 283-291.

32



Montgomery J. (2002) Lead and strontium isotopemmsitions of human dental tissues as an

indicator of ancient exposure and population dyrmambuniversity of Bradford, Bradford.

Montgomery, J., Evans, J. A., and Cooper, R. EQO72 Resolving archaeological

populations with Sr-isotope mixing models. Appl@dochemistry, 22: 1502-1514.

Montgomery J., Evans J.A., and Neighbour T. (208B)isotope evidence for population
movement within the Hebridean Norse community NVétland. Journal of the Geological

Society, 160: 649-653.

Montgomery J., Evans J.A., Powlesland D., and Rebé&r.A., (2005) Continuity or
colonization in Anglo-Saxon England? Isotope evadefor mobility, subsistence practice

and status at West Heslerton. American Journahgsieal Anthropology, 126: 123-138.

Montgomery J., (2010) Passports from the past: diigating human dispersals using

strontium isotope analysis of tooth enamel. Anoeélduman Biology, 37: 325-346.

Moorrees C.F., Fanning E.A. and Hunt E.E. (1963 Agriation of formation stages for ten

permanent teeth. Journal of Dental Research 420-1¥8D2.

Morlote Expésito J.M., Montes Barquin R., Mufiozri&erdez E., Santamaria Santamaria S.,
Fernandez Gonzalez C., GOmez Bedia Fernandez Biérea Cuenca E., and Barreda
Gonzalez Pardo E. (2005) Actuaciones arqueolégnda ermita y la necropolis medieval de

Respalacios (Villordan, Cantabria). Sautuola, X13-334.

Morales Padron F., (1993) Canarias: Cronica de snq@ista. Transcripcion, Estudio y

Notas. Ediciones del Cabildo Insular de Gran Canaas Palmas.

Nielsen-Marsh C.M. and Hedges REM. (2000) Pattefrisagenesis in bone I: The effects of

site environments. Journal of Archaeological Sae2¥: 1139-1150.

33



Niinimaki S. (2012) The relationship between mueskekletal stress markers and
biomechanical properties of the humeral diaphys#énerican Journal of Physical

Anthropology, 147: 618-628.

Niinimaki S. and Baiges Sotos L. (2013) The reladltp between intensity of physical
activity and entheseal changes on the lower limterhational Journal of Osteoarchaeology,

23(2): 221-228.

Nolla C.M. (1960) The development of the permantsdth. Journal of Dentistry for

Children, 27: 254—-266.

Nunes M.C. (1998) Contribucion para la identificacihumana a partir del estudio de las
estructuras 0seas. Determinacion de la talla sdrale la longitud de los huesos largos.

Universidad Complutense de Madrid, Madrid.

Nufio Gonzéalez J., (2002) Arqueologia de los sigtosanicos en el ambito de la actual
provincia de Palencia. In: Huerta Huerta PL (eBaJencia en los Siglos del Romanico.

Fundacion Santa Maria la Real: Aguilar de Camppo1@9-166.

Nygaard E., Houston M., Suzuki Y., Jgrgensen Kd &altin B. (1983) Morphology of the
brachial biceps muscle and elbow flexion in mantaAehysiologica Scandinavica, 117: 287-

292.

Palastanga N., Field D., and Soames R. (2007) Amaty Movimiento Humano. Estructura

y Funcionamiento. Editorial Paidotribo, Barcelona.

Palmer J.L.A., Hoogland M.H., and Watdtsst A.L. (2014) Activity reconstruction of post-
medieval Dutch rural villagers from upper limb asehritis and entheseal changes.

International Journal of Osteoarchaeology, 26:78-92

34



Parfitt A.M. (1983) The physiologic and clinicagsificance of bone histomorphometric data.
In: Recker R.R. (ed.), Bone Histomorphometry: Téghes and Interpretation. CRC Press,

Boca Raton, pp. 143-223.

Pascual Sarria F.L. (2003) Las obligaciones mdgarstablecidas en los ordenamientos de las
Cortes castellano-leonesas durante los siglos XIKIV. Revista de Estudios Histérico-

Juridicos, 25: 147-185.

Powell J.M. (1986) Anatomy of a Crusade, 1213-122fiversity of Pennsylvania Press,

Philadelphia.

Price T.D., Johnson C.M., Ezzo J.A., Ericson Jd Barton J.H. (1994) Residential mobility
in the prehistoric southwest United States: a prielry study using strontium isotope

analysis. Journal of Archaeological Science, 25-3B0.

Price T.D., Burton J.H., and Bentley R.A. (2002)eThharacterization of biologically
available strontium isotope ratios for the studypoghistoric migration. Archaeometry, 44:

117-136.

Rissech C., Wilson J., Winburn A.P., Turbon D., &tdadman D. (2012) A comparison of
three established age estimation methods on ah @gahish sample. International Journal of

Legal Medicine, 126: 145-155.

Russell P. (2001) De nuevo sobre la traduccion evadlicastellana de Vegecio, Epitoma de
rei militaris. In: Martinez i Romero T., and Re&o (eds.), Essays on Medieval Translation in
the Iberian Peninsula. Castellén (Spain): Publmaside la Universitat Jaume [, Castellon,

pp. 325-340.

San Gregorio Hernandez D., Enriquez Sanchez E.NtiiM Rodriguez E.M., and Cruz
Sanchez P.J., (2009) Algunas notas sobre el moitasigterciense de San Andrés de Arroyo

(Santibafiez de Ecla, Palencia) a través de susrdotas arqueologicos. In: Gomez Pérez A,

35



Cruz Sanchez P.J., and Losa Hernandez R. (eddydi&s del Patrimonio Cultural 2.

SERCAM, Valladolid, pp. 27-48.

Santana-Cabrera J., Velasco-Vazquez J., and Redrigadriguez A. (2015) Entheseal
changes and sexual division of labor in a Northig&in population: The case of the pre-
Hispanic period of the Gran Canaria Island (11thk16. CE). HOMO - Journal of

Comparative Human Biology, 66(2): 118-138.

Santos, A.L., Alves-Cardoso F., Assis S., and U#d. (2011) The Coimbra workshop in
musculoskeletal stress markers (MSM): an annotaexew. Antropologia Portuguesa,

28:135-161.

Schrader S.A. (2015) Elucidating inequality in NubAn examination of entheseal changes at

Kerma (Sudan). American Journal of Physical Antbtogy, 156(2): 192-202.

Showalter D.E. (1998) Caste, Skill and Training:eTévolution in cohesion of European
Armies from the Middle Ages to the Sixteenth Centun: Karsten P.l. (ed.), The Training

and Socializing of Military Personnel. Garland Rsting, London, pp. 1-25.

Sillen, A. and Legeros, R., (1991) Solubility pte§ of synthetic apatites and of modern and

fossil bones. Journal of Archaeological Science 385-397.

Sillen A. and Sealy J.C., (1995) Diagenesis ofrdgtumn in fossil bone: a reconsideration of

Nelson et al. (1986). Journal of Archaeologicak8ce, 22: 313-320.

Stirland A.J. (1993) Asymmetry and activitglated change in the male humerus.

International Journal of Osteoarchaeology, 3: 103-1

Sumnik Z., Land C., Coburger S., Neu C., Manz FadH K., and Schoenau E. (2006) The
muscle—bone unit in adulthood: influence of sexghig age and gynecological history on the
bone mineral content and muscle cross-sectiona. ateurnal of Musculoskeletal and

Neuronal Interactions, 6: 195-200.

36



Takigawa W. (2014) Age changes of musculoskeldtalss markers and their inter-period

comparisons. Anthropological Science, 122: 7-22.

Trickett, M. A., Budd, P., Montgomery, J., and Esad., (2003) An assessment of solubility
profiling as a decontamination procedure for th&@36Sr analysis of archaeological human

skeletal tissue. Applied Geochemistry, 18: 653-658.

Tung T.A and Knudson K.J. (2011) Identifying logatsigrants, and captives in the Wari
Heartland: a bioarchaeological and biogeochemidaidys of human remains from

Conchopata, Peru. Journal of Anthropological Arcthagy, 30: 247-261.

UNOVEINTE S. L. (2007) Excavacion arqueoldgica arabadia cisterciense de San Andrés
de Arroyo. Santibafiez de Ecla (Palencia). Unpubtisteport deposited at the Servicio de
Restauracion del Patrimonio Histérico de la DirénciGeneral de Patrimonio y Bienes

Culturales de la Junta de Castilla y Leon in Vallat Valladolid.
Valdeon Baruque J. (2006) La Reconquista. El Caiecdp Espafia: Unidad y Diversidad.
Madrid (Spain): Editorial Espasa Calpe, 256 p.

Van Den Eynde Ceturi E. 2002, Los niveles medievadel yacimiento de Camesa-
Rebolledo. Apuntes sobre la mas antigua ocupacidieval de Cantabria. Sautuola, 8: 261-

296.

Villotte S. (2006) Connaissances médicales actsietietation des enthésopathies: nouvelle

méthode. Bulletins et mémoires de la Société d’Aogblogie de Paris, 18: 65-85.

Villotte S., Castex D., Couallier V., Dutour O., el C.J., and Hemi§@ambier D. (2010a)
Enthesopathies as occupational stress markerseregdfrom the upper limb. American

Journal of Physical Anthropology, 142(2): 224-234.

37



Villotte S., Churchill S.E., Dutour O.J., and Her@dambier D. (2010b) Subsistence activities
and the sexual division of labor in the EuropeampéspPaleolithic and Mesolithic: evidence

from upper limb enthesopathies. Journal of Humaollion, 59: 35-43.

Villotte S. and Knusel C.J. (2013) Understandintheseal changes: definition and life course

changes. International Journal of Osteoarchaeo@fp): 135-146.

Villotte S. and Kniisel C.J. (2014) “I sing of arausd of a man...”: medial epicondylosis and
the sexual division of labour in prehistoric Eurogeurnal of Archaeological Science, 43:

168-174.

Weiss E. (2007) Muscle markers revisited: actiypgttern reconstruction with controls in
central California Amerind population. American dual of Physical Anthropology 133: 931-

940.

Weiss E. (2012) Examining activity patterns anddgaal confounding factors: differences
between fibrocartilaginous and fibrous musculosig¢lstress markers. International Journal

of Osteoarchaeology 25: 281-288.

Weiss E. (2014) Bipedalism and musculoskeletakstrearkers: variation and what It reveals
about adaptation, environmental stress, and rewntisig activity patterns. In: Carlson K.J.,

and Marchi D. (eds.), Reconstructing Mobility. Syyer: New York, pp. 31-47.

Wienker C.W. and Wood J.E. 1988. Osteological imtliglity indicative of migrant citrus

laboring. Journal of Forensic Science, 33: 562-567.

Wink A.E. (2014) Pubic symphyseal age estimatiammfrthree-dimensional reconstructions

of pelvic CT scans of live individuals. JournalRarensic Science, 59: 696-702.

38



Figure 1. Approximatelocation of the San Andrés de Arroyo Monastery.
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Figure 2. Plan of theSan Andrés de Arroyo Monastery. Excavated areasatet! in grey.
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Figure 3. Strontium isotope ratiodSrf°Sr) for human bone (squares) and teeth (circles)
samples found at the San Andrés de Arroyo Monastérgertainty is given as standard
deviation. Dash lines refer to local isotope radgéned by the bioavailabféSrfesr
signature of the human bone samples (0.70896 HB8X)Ghown in Table 4.
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Figure. 5. Skull from male UE 114 showing a swollen fractueni a blade on the left orbit
(arrow) with evidence of healing.
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Table 1. Analysed individuals are shown including sex (Féde; M-male), age, presence of
teeth, burial location and burial type. The bulalations are categorized as CY (courtyard),
NH (North Hall), LF (Lobby of the Faithful) and Ggranary), respectively. The burial types
are indicated as SA (sarcophagi), Cl (cists) and(Sf@ple graves). The type of tooth is
expressed as | (incisor), C (canine), P (premadad M (molar). The number indicates the
dental piece from the centre of the maxilla/marelibl the distal side.

Specimen number Burial site Burial type Teeth Sex geA
UE 8 CY Cl P2 M 50-75
UE 14 CcY Cl M1 F >50
UE 21 CcY Cl M3 M 50-60
UE 22 CY Cl M1 M 20
UE 25 CY SA M1 M 50-60
UE 26 CcY SA No M 50-60
UE 54 CY Cl M2 M >50

UE FlI-I NH SG No M 41-45
UE 108 NH SG P2 M >60
UE 114 NH SG P2 M 41-50
UE 117 NH SG No M >20
UE 125 NH SG P1 M 50-55
UE 134 NH No data No M >20
SSFI LF SG No M 30-34
UE 208 LF SG No M 41-50
UE 221-224 LF SG No M 41-45
UE 242 LF SG No M >50
UE 245 LF SG No M 41-50
UE 251 LF SG No F 25-34
UE 258 LF SG No F 50-60
UE 262 LF SG No M 20
UE 265 LF SG No M 50-60
UE 270 LF SG No M 45-50
T11 G2-| GR Cl 12 M 40-45
UE 1005 GR SA No M 20-49
UE 1006 GR SA M3 M >20
UE 3006 GR SA C1 F 40-44
UE 9004 GR SA No F 45-60
UE 13004 GR Cl M2 M 30-40
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Table 2. Considered entheses divided according to thectiomal complex.

Entheses Functional complex

Costoclavicular ligament (clavicle)
Conoid ligament (clavicle)
Trapezoid ligament (clavicle)
Pectoralis major muscle (clavicle)
. . Shoulder
Deltoideus muscle (clavicle)
Pectoralis major muscle (humerus)
Latissimus dorsi / teres major muscle (humerus)

Deltoideus muscle (humerus)

Triceps brachii muscle (scapula)

Brachioradialis muscle (humerus)

Biceps brachii muscle (radius) Elbow (flexion/extension)
Triceps brachii muscle (ulna)

Brachialis muscle (ulna)

Pronator teres muscle (radius)
Interosseous membrane (radius) Forearm (pronation/supination)
Supinator muscle (ulna)

Gluteus maximus muscle (femur) H
. Ip
lliopsoas muscle (femur).

Vastus medialis muscle (femur)
Quadriceps tendon (tibia) Knee
Quadriceps tendon (patella)

Soleus muscle (tibia)
: Foot
Achilles tendon (calcaneus)
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Table 3.Entheses scored by location.

Entheseal marker

Location

Subscapularis muscle (shoulder)

Lesser tuberdieesthumerus

Supraspinatus muscle (shoulder)

Greater tubercle of the humerus
(anteroproximal facet)

Infraspinatus muscle (shoulder)

Greater tubercle of the humerus
(posteroproximal facet)

Teres minor muscle (shoulder)

Inferior facet on greater tuberosity of
humerus

Anconeus muscle (elbow)

Lateral aspect the olecranon extending to
lateral surface of the ulnar body

Brachialis muscle (elbow)

Anterior surface of ulearonoid processs

Triceps brachii muscle (elbow)

Olecranon postesigface

Biceps brachii muscle (elbow)

Radial bicipital tutmsty

Brachioradialis muscle (wrist/hand)

Styloid procetthe radius

Common origin of wrist extens. (wrist/hand

)

Latezplcondyle of the humerus

Common origin of wrist flexor (wrist/hand)

Medigbieondyle of the humerus

Gluteus medius muscle (hip)

Greater trochanter of the femur

lliopsoas muscle (hip)

Lesser trochanter of the femur

Gluteus minimus muscle (hip)

Greater trochanter of the femur

Semimembranosus muscle (hip)

Posterior facet of the medial condyle of tib

Popliteus muscle (knee)

Posterior surface of tiglaw condyles

Triceps surae muscle (ankle)

Calcaneal tuberosity

the

a
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Table 4.8’Srf°Sr isotope ratios in human and domestic faunaksiklissue found at the San
Andrés de Arroyo Monastery. Uncertainty is givers&@sdard deviation (s.d.).

Bone Teeth
Specimen number 8'Srfosr s.d. 8'Srfosr s.d.
Human remains
UE 8 0.70875 0.00006 0.70882 0.00005
UE 14 0.70878 0.00006 0.70917 0.00008
UE 21 0.70931 0.00006 0.70951 0.00009
UE 22 0.70894 0.00006 0.70948 0.00010
UE 25 0.70884 0.00005 0.70937 0.00012
UE 26 0.70888 0.00006 - -
UE 54 0.70895 0.00005 0.70911 0.00008
UE FII-I 0.70869 0.00009 - -
UE 108 0.70893 0.00006 0.71234 0.00008
UE 114 0.70946 0.00005 0.71084 0.00012
UE 117 0.70892 0.00012 - -
UE 125 0.70895 0.00008 0.70967 0.00008
UE 134 0.70874 0.00005 - -
SSF I 0.70893 0.00005 - -
UE 208 0.70864 0.00006 - -
UE 221-224 0.70869 0.00006 - -
UE 242 0.70869 0.00007 - -
UE 245 0.70902 0.00007 - -
UE 251 0.70921 0.00007 - -
UE 258 0.70891 0.00007 - -
UE 262 0.70891 0.00007 - -
UE 265 0.70945 0.00006 - -
UE 270 0.70892 0.00006 - -
T11 G2-I 0.70903 0.00008 0.70946 0.00004
UE 1005 0.70933 0.00008 - -
UE 1006 0.70911 0.00008 0.70937 0.00008
UE 3006 0.70895 0.00006 0.70868 0.00007
UE 9004 0.70914 0.00009 - -
UE 13004 0.70888 0.00007 0.70886 0.00003
Animal remains
S-B01 0.70881 0.00006 - -
S-B 02 0.70898 0.00006 - -
S-B 03 0.70871 0.00007 - -
S-B 04 0.70901 0.00006 - -
S-B 05 0.70861 0.00005 - -
C-B01 0.70889 0.00008 - -
S-TO01 - - 0.70890 0.00006
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Table 6. Entheseal Changes (EC) observed in the individdelsmed as locals according to

the strontium isotope data. Right (R) and left fharkers are presented for each individual.
EF means enthesophytic formation. Classes: 0 =nabsé& = minimal exostosis (< 1 mm); 2
= clear exostosis (1-4 mm); 3 = substancial ex@sts 4mm); NR means that more than
50% of the area is illegible.

OL means osteolytic formation. Classes: 0 = abseheefine porosity (holes <1 mm); 2 =

gross porosity (holes ~ 1 mm), or small area ofiero (~ 4 mm), or extensive and deep
osteolytic area (> 4 mm); 3 = several small ardasr@sion (~ 4 mm) or extensive and deep
osteolytic area (> 4 mm), NR means that more tlt&a 6f the area is illegible.
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