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Abstract

Objectives: Gender differentiation can influence the diet, physical activity, and health of human
populations. Multifaceted approaches are therefore necessary when exploring the biological
consequences of gender-related social norms in the past. Here, we explore the links between diet,
physiological stress, physical activity and gender differentiation in the Medieval Islamic
population of La Torrecilla (Granada, Spain, 13%-15%" century AD), by analyzing stable isotope
patterns, stature, and long bone diaphyseal measurements.

Materials and Methods: The sample includes 96 individuals (48 females, 48 males) classified
as young and middle adults (20-34 and 35-50 years of age respectively). Diet was reconstructed
through the analysis of 8!3C and 8'°N. Stature, humeral and femoral diaphyseal shape and
product of diaphyseal diameters served as proxies of physiological stress and physical activity.
Results: Isotopic ratios suggest a substantial dietary contribution of C,4 plants (e.g., sorghum,
millet), a variable access to animal proteins, and no differences between the sexes. Sexual
dimorphism in stature derives from a markedly low female stature. Long bone diaphyseal
properties suggest that men performed various physically stressful activities, whereas women
were involved in less physically demanding activities (possibly related to household work).
Discussion: Gender differentiation in La Torrecilla was expressed by a possibly differential
parental investment in male versus female offspring and by culturally sanctioned gender
differences in the performance of physical tasks. Diet was qualitatively homogenous between the
sexes, although we cannot rule out quantitative differences. Our results shed new light on the

effects of gender-related social norms on human development and lifestyle.

Key words: Islamic Spain; Middle Ages; sex differences; stable isotopes; long bone diaphyseal

cross-sectional properties
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2 54  Introduction

5 55 A traditional research focus of bioarcheology is the exploration of sex differences in

? 56  physical activity, health, and relative access to food sources, studying possible links between

g 57 these differences and gender-based social differentiation and inequality (Zuckerman & Crandall,
1(1) 58 2019). Continued interest in this research topic is demonstrated by the large number of published
12 59  papers examining the correlation of sex with various osteological and biogeochemical variables
12 60 in different archaeological contexts. Variables used to evaluate possible sex differences in

:2 61  physical activity, health, and diet include skeletal and dental features related to mechanical

17 62  loading and certain pathological conditions on the one hand, and stable isotope ratios (especially
12 63  8!3C and 8'°N), which allow past dietary patterns to be reconstructed on the other (Berner,

;? 64  Sladek, Holt, Niskanen, & Ruff, 2018; Grauer & Stuart-Macadam, 1998; Hollimon, 2011;

22 65 Laffranchi, Cavalieri Manasse, Salzani, & Milella, 2019; Laffranchi, Martin Flérez, Charisi, &
24 66  Jiménez-Brobeil, 2016a; Ruff, 1987, 2008; Ruff & Hayes, 1983b; Slaus, 2000; Stock & Pfeiffer,
26 67 2001, 2004; Villotte & Kniisel, 2014). When considered together with available archaeological

68  information, these data provide the opportunity to address research questions about sub-

2

gg 69  populations often neglected by historiography and contemporaneous sources (e.g., women and
31 70  nonadults). This approach also allows investigation of the influence of biological (physiological)
gg 71 and cultural factors on the different responses of males and females to their natural and social

gg 72 environments. Given the composite (i.e., physiological, behavioral, psychological) and culturally
36 73 contingent nature of gender and therefore gender-based distinctions (Geller, 2008; Zuckerman &
2573 74  Crandall, 2019), this research perspective is especially suitable for the reconstruction of gender-
23 75  based lifeway differences, considering "lifeway" to refer to a mosaic of dietary, behavioral, and
2; 76  health variables. The use of multiple lines of evidence to test biocultural hypotheses (e.g., the

43 77  physiological effects of gender-related social norms) may provide a finer-grained picture in

jg 78  comparison to isolated analyses of single variables. Nevertheless, only a limited number of

j? 79  researchers have adopted this approach to date (Arcini, Ahlstrém, & Tagesson, 2014; Bondioli,

48 80 Nava, Rossi, & Sperduti, 2016; Laffranchi et al., 2019; Larsen et al., 2015, 2019; Osipov et al.,
50 81  2020; Pfeiffer & Sealy, 2006; Suby & Guichon, 2009; Toso, Gaspar, da Silva, Garcia, &

5o 82  Alexander, 2019).

>3 83 Various factors facilitate the bioarchaeological analysis of sex and inferred gender

55 84 lifestyle differences in Medieval Islamic Spain, including: a) the presence of rich historiographic

58 3
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documentation, allowing for a more complete discussion of the observed skeletal data, b) the
availability of large skeletal series representing both urban and rural contexts, c) the fact that
women and men are traditionally characterized by distinct social roles in Islamic culture, and d)
the growing amount of published bioarchaeological data on Medieval Islamic populations from
Iberia (al-Oumaoui, Jiménez-Brobeil, & du Souich, 2004; Alexander, Gerrard, Gutierrez, &
Millard, 2015; Alexander, Gutierrez, Millard, Richards, & Gerrard, 2019; Charisi, Laffranchi, &
Jiménez-Brobeil, 2016; Guede et al., 2017; Inskip, Carroll, Waters-Rist, & Lopez-Costas, 2018;
Laffranchi et al., 2016a; Osipov et al., 2020). These populations are therefore good candidates
for examining the possible effects of sex- and possibly gender-based differences in diet and
physical activity on human physiology, providing an opportunity to better contextualize the
results of new studies.

Bioarchaeological research on Medieval Islamic populations in Spain and Portugal has
focused on paleodietary and mobility reconstructions (Alexander et al., 2015; Alexander et al.,
2019; Fuller, Marquez-Grant, & Richards, 2010; Guede et al., 2017; Inskip et al., 2018;
MacRoberts et al., 2020; Mundee, 2010; Osipov et al., 2020; Prevedorou et al., 2005; Salazar-
Garcia, Richards, Nehlich, & Henry, 2014; Salazar-Garcia, Romero, Garcia-Borja, Subira, &
Richards, 2016; Toso et al., 2019) and, to a lesser extent, on the analysis of health and physical
activity patterns (e.g., al-Oumaoui et al., 2004; Inskip, 2013; Jiménez-Brobeil, Roca-Rodriguez,
Al Oumaoui, & du Souich, 2012; Laffranchi et al., 2016a; Osipov et al., 2020; Pomeroy &
Zakrzewski, 2009).

Intrapopulation differences suggestive of a gender differentiation in diet were found in
the rural community of Tauste (Guede et al., 2017) and the Sao Jorge Castle of Lisbon (Toso et
al., 2019). In both settings, isotopic data indicate that males consumed a larger amount of animal
proteins than females, suggesting a wider variability in their diet and their potential access to
external food resources. Furthermore, at Sao Jorge Castle, similar isotopic profiles were
observed between women and children (aged >3 years), consistent with their distinct dietary
habits from those of men. This may be related to the family organization of Islamic households,
in which men occupy separate domestic spaces from those used by women and children (Toso et
al., 2019).

Only a few studies have explored patterns of biomechanical stress among the Islamic

communities of Iberia (al-Oumaoui et al., 2004; Inskip, 2013; Jiménez-Brobeil et al., 2012;
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2 116  Laffranchi et al., 2016a; Osipov et al., 2020; Pomeroy & Zakrzewski, 2009). Analyses of

5 117  entheseal changes, vertebral pathologies (osteoarthritis, Schmorl’s nodes, and spondylolysis),
6

7 118  and long bone size and shape have pointed to some differences in physical activity between

g 119  males and females (al-Oumaoui et al., 2004; Inskip, 2013; Jiménez-Brobeil et al., 2012;

10120  Laffranchi et al., 2016a; Pomeroy & Zakrzewski, 2009). For instance, higher muscle

12 121  development and greater vertebral degeneration has been observed in males than in females, and
14 122 high sexual dimorphism has been found in upper and lower limb long bone size and shape.

123 Differences between rural and urban settings have also been reported. Thus, lower muscle
17124  development and a more marked sexual dimorphism in long bones was observed among

19 125  individuals from rural La Torrecilla than among those from the contemporary urban cemetery of
51 126 Sahl Ben Malik (Granada). This has been associated with the more varied activities, higher craft
22 127  specialization, and more active working role of women in the urban versus rural setting (Charisi

24 128 etal., 2016; Laffranchi et al. 2016a).

26 129 More recently, Osipov et al. (2020) published the first comparative analysis of skeletal
;é 130  body size proxies, diaphyseal structural properties, and stable carbon and nitrogen isotopes

29 131 among Islamic populations in Ibiza, highlighting a positive correlation between body size and
31 132 313C values. The authors suggest that this relationship might reflect either improved diet quality

33 133 through greater access to C, resources or the presence in the sample of nonlocal individuals with

gg 134  adifferent diet and larger body size.
36 135 However, only preliminary data are available on the presence of sex (and possibly
37

38 136  gender) differences in diet and living conditions among Medieval Islamic populations in Iberia.
137  Only two studies have addressed this research topic by combining osteological/paleopathological
41 138  and isotopic data (Osipov et al., 2020; Toso et al., 2019), but no such research has been carried

43 139  out in the Spanish mainland.

45 140 This study addresses these issues by exploring lifestyle differences between the sexes in
j? 141  La Torrecilla, a rural Medieval Islamic population from Spain. Specifically, we compare 6'3C

48 142  and 8'°N ratios, stature, and long bone diaphyseal cross-sectional properties derived from
50 143  external measurements, and examine any association of these variables with sex and age-at-
5o 144 death.

>3 145  The results are then used to address the following research questions:

55 146
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a. What type of diet characterized the population of La Torrecilla, and were there any sex
differences in the diet?

b. What types of sex differences are observed in stature and long bone diaphyseal cross-sectional
properties, and what do they reveal about sex differences in lifestyle in this population?

c. Do the stable isotope data correlate with stature, body mass, and long bone diaphyseal cross-
sectional properties?

Accordingly, the objectives of this study were to determine sex differences in lifestyle in this
community and to explore their association with the possible physiological effects of gender
differentiation. However, it is challenging to infer gender differences from skeletal data because
of the risk of conflating sex and gender (Zuckerman & Crandall, 2019). For this reason, isotopic
and skeletal patterns based on biological sex are referred to as "sex differences" hereafter. The
possible gender correlates of these patterns are discussed, based on the available historical and

archaeological sources.

Archaeological and historical background

The cemetery of La Torrecilla (Arenas del Rey, Granada) is now part of the Bermejales
swamp and almost permanently covered by water (Figure 1). The funerary area, measuring 41x
23.5 meters, was repeatedly excavated between 1968 and 1976 (Arribas & Riu, 1974; du Souich,
1979), also revealing traces of domestic structures interpreted as the remains of a small rural
settlement, specifically known by the term al-qaria. It was a typical rural Islamic settlement,
composed of few houses and inhabited by one or several families. Unfortunately, no historical
sources refer to this al-qaria (Arribas & Riu, 1974; du Souich, 1979; Trillo San José, 2004).
Excavation of the funerary area yielded 139 graves characterized by pits, with or without slabs as
covering or external delimitation, and by the occasional use of wooden coffins. Burials are
always inhumations, with individuals lying extended on their right side facing southeast and with
no grave goods, in accordance with Islamic funerary customs (Chéavet Lozoya, 2015; Torres
Balbas, 1957). Radiocarbon dating of two individuals (graves 118 and 152) pointed to the 14"
century (Charisi et al., 2016). These findings, together with the possible prolonged utilization of
the area for funerary purposes (Arribas & Riu, 1974), suggest that La Torrecilla was occupied
between the 13" and 15t centuries AD and therefore during the Nasrid Kingdom, the last

independent Islamic state in the Iberian Peninsula (al-Andalus in Arabic). The Nasrid Kingdom
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z 178  was spread across the southeast of the peninsula, and included the modern provinces of Malaga,
5 179  Granada, and Almeria (Torres Delgado, 1997), with the city of Granada as its capital.

6

7 180 Geographically, La Torrecilla is relatively isolated. It is not connected to the main routes
S 181  crossing the region and is separated from the coast by the mountain ranges of Tejeda and

10182  Almijara. It is located at 800 m a.s.l. on Messinian limestone (IGME, Sheet 1040) and is

12 183  characterized by mild winters, hot and dry summers, and moderate rainfall throughout the

14 184  year. These characteristics make the area particularly suitable for dryland crops, as witnessed
185  nowadays by the substantial cultivation of barley and of olive and almond trees. Previous
17186  paleodietary analyses of rural (Benipeixcar, 33 Bartomeu Vicent Ramon-Ibiza, Tauste-Zaragoza,
19 187  Can Fonoll-Ibiza, Tossal de las Basses-Alicante, Albarracin castle-Teruel) and urban (Valencia,
51 188 Ecija-Sevilla, Es Soto-Ibiza, Zaragoza) Islamic sites in Spain (reported in Figure 1) suggest a

22 189  mixed C;/Cy-based economy (Alexander et al., 2015, 2019; Dury et al., 2018; Fuller et al., 2010;
24 190 Guede etal., 2017; Inskip et al., 2018; Mundee, 2010; Pickard et al., 2017, Salazar-Garcia et al.,
26 191  2016). The diet may have included a large amount of C,4 plants (e.g., sorghum, millet, and

192  sugarcane) (Alexander et al. 2019; Fuller et al. 2010; Pickard et al. 2017) and marine proteins

29 193 (Alexander et al., 2015; Guede et al., 2017; Salazar-Garcia et al., 2016), especially in certain

31 194  places such as Valencia, Es Soto-Ibiza, and Can Fonoll-Ibiza. The diet could be expected to

33 195  contain ample C4 plant products in areas with climates that were less suitable for the cultivation

gg 196  of wheat but more favorable for the growth of plants such as sorghum, millet, and sugarcane, as
36 197  on the coast of Granada (Garcia Sanchez, 1995).

37

38 198

23 199  Stable isotopes of carbon and nitrogen (6'3C, 6'°N)

j; 200 Stable isotope ratios of carbon (8'*C) and nitrogen (8!°N) from bone collagen are

43 201 routinely used for dietary reconstructions from ancient human and animal remains (Larsen, 2015;
45 202 Schoeninger & Moore, 1992).

203 Stable carbon ratios (6'3C) in the collagen of human and animal samples reflect the

48 204  proportion of plants characterized by specific photosynthetic pathways (C; vs.C,4 plants) in the

50 205 diet (DeNiro & Epstein, 1981; Van der Merwe, 1982) and also yield information on

5o 206  environmental and climatic conditions (Laffranchi, Delgado Huertas, Jiménez-Brobeil, Granados
23 )o7 Torres, & Riquelme Cantal, 2016b; Van Klinken, Richards, & Hedges, 2002). 8'3C ratios in

55 208  collagen largely reflect the protein component of the diet, but they are also influenced by the

58 7

60 John Wiley & Sons, Inc.



oNOYTULT D WN =

209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239

American Journal of Physical Anthropology

presence of carbohydrates and lipids (Fernandes, Nadeau & Grootes, 2012; Froehle, Kellner &
Schoeninger, 2010; Howland et al., 2003). 3'5N values indicate the trophic level of an organism,
permitting an estimation of the relative amount of animal and vegetal proteins in the diet
(DeNiro & Epstein, 1981; Hedges & Reynard, 2007). The combined application of 6'*C and 6'°N
ratios can help to differentiate between the consumption of terrestrial and marine resources
(Schoeninger & DeNiro, 1984), but other factors must be considered (Van Klinken et al., 2002).
An interesting but relatively unexplored line of research investigates the relationship of bone
collagen isotopic values with skeletal estimates of body size and/or long bone cross-sectional
diaphyseal properties. This type of study has been carried out in a limited number of
archaeological contexts, including Islamic skeletal series from Ibiza (Arcini et al. 2014; Bondioli
et al. 2016; Osipov et al., 2020; Pfeiffer & Sealy, 2006; Suby & Guichon, 2009). Diet, in
combination with genes, health status, and mechanical loading, influences the growth and
development of the skeletal system. Given the usefulness of carbon and nitrogen isotopic ratios
to assess past dietary patterns, the combined analysis of isotopic and osteological measurements
appears to be a good approach for investigating the complex interactions among diet, health, and

social/economic behavior in a given population (see also Osipov et al., 2020).

Stature

Skeletal growth is influenced by genetic and environmental factors (King & Ulijaszek,
1999; Silventoinen et al., 2012; Vercellotti et al., 2014). Among environmental factors, diet is
known to significantly influence the growth and development of the skeletal system and,
therefore, adult stature (Gunnell, Smith, Frankel, Kemp, & Peters, 1998; Steckel, 1995). Health
status is also known to have a major impact on growth and final adult body size at a population
level (Bozzoli, Deaton, & Quintana-Domeque, 2009; Crimmins & Finch, 2006; Larsen, 2015).
Secular trends in adult stature have been shown to follow regional and temporal fluctuations in
living conditions (Bertsatos & Chovalopoulou, 2018; Cardoso & Gomez, 2009; Cole, 2003;
Koepke & Baten, 2005; Koepke, Floris, Pfister, Riihli, & Staub, 2018; Maat, 2005; Shin, Oh,
Kim, & Hwang, 2012), while a negative correlation has been observed between income (or
social) inequality and mean stature in populations (Bogin, Scheffler, & Hermanussen, 2017;
Keep & Bogin, 1999). These findings explain the long-standing interest of anthropologists in

stature estimates (usually obtained from long bone measurements) when testing the possible

8
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1

2

z 240  effects on the life quality of past populations exerted by socioeconomic changes and/or

5 241 differences in diet and health derived from wealth inequalities (Cohen & Armelagos, 1984;

? 242 Cohen & Crane-Kramer, 2007; Larsen, 2006; Mieklejohn & Babb, 2011; Mummert, Esche,

S 243  Robinson, & Armelagos, 2011; Robb, Bigazzi, Lazzarini, Scarsini, & Sonego, 2001).

10 244 However, a number of confounding factors may mask the direct impact of nutritional and

12 245  health status on adult stature. Peak rates of longitudinal growth in specific body parts (e.g., lower
14 246  limb versus trunk) occur at different ages before adulthood (Bogin and Varela-Silva, 2010).

247  Given that stress mainly affects limb growth, the main contributor to stature (Bogin and Varela-
17 248  Silva, 2010), the final adult body height may be influenced by the timing and duration of

19 249  stressful events rather than by stress per se. Catch-up growth with improved environmental

51 250  conditions may also mask the negative effect of stress on growth (Steckel, 2008). Female

22 751 reproductive history and selective mortality may also influence the stature of a population

24 252  (Bozzoli et al, 2009; Vercellotti et al., 2014; Vercellotti & Piperata, 2012). All the above

26 253  underscore the need for care in inferring past life conditions from stature.

28 254

29 255  Long bone diaphyseal cross-sectional properties

2(1) 256 The usefulness of long bone diaphyseal morphology and structure to reconstruct past

gg 257  human behavior is based on the capacity of bones to optimally adapt their form to their

g 2’ 258  mechanical environment throughout life by increasing/decreasing and re-distributing the amount

36 259  of bone through remodeling (Ruff, 2008; Ruff, Holt & Trinkaus, 2006). Long bones are

38 260 considered to behave as hollow engineering beams under loading (Huiskes, 1982; Ruff, 2008);
261 therefore, their mechanical performance is frequently analyzed in anthropology by using

41 262  engineering principles and diaphyseal properties to infer patterns of past activity (e.g. Bridges,
43 263  Blitz, & Solano, 2000; Cameron, Lapham, & Shaw, 2018; Maggiano et al., 2008; May & Rulff,
45 264 2016; Miller, Agarwal, Aristizabal, & Langebaek, 2018; Nikita, Ysi Siew, Stock, Mattingly, &
265  Mirazon Lahr, 2011; Ogilvie & Hilton, 2011; Ruff, Larsen, & Hayes, 1984; Stock & Pfeiffer,
48 266 2001, 2004; Varalli, Villotte, Dori, & Sparacello, 2020; Weiss, 2003). Long bone cross-sectional
50 267  geometric properties (CSGPs) are ideal for estimating long bone strength and rigidity (Ruff,

5o 268 2008; Stock & Shaw, 2007); however, estimations of shape and robusticity obtained from

>3 269  external shaft dimensions can be an effective alternative, as shown by the fact that the two

55 270  approaches yielded similar results and inferences for major trends in activity patterns in some

58 9
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populations (Bridges et al., 2000; Larsen, 1981; Maggiano et al., 2008; Ruff, 1987; Ruff et al.,
1984; Wanner, Sierra Sosa, Alt, and Tiesler Blos, 2007). The utilization of diaphyseal properties
derived from external measurements as proxies of biomechanical stress is further supported by
their high correlation with certain CSGPs (Pearson, 2000; Stock and Shaw, 2007). Hence, given
the ease with which external measurements can be obtained and the limited costs involved, this
method has been applied in various bioarchaeological studies (Bridges et al., 2000; Laffranchi,
Charisi, Jiménez-Brobeil, & Milella, 2020; Mazza, 2019; Osipov et al., 2020; Pomeroy and
Zakrzewski, 2009; Thomas, 2014; Wanner et al., 2007).

Experimental and comparative studies in animals and athletes with known activity
patterns suggest that the diaphyseal shape mainly reflects directionality, while its robusticity is
more indicative of the amount (intensity and repetitiveness) of applied loads and the overall
diaphyseal strength (Carlson & Judex, 2007; Macinstosh & Stock, 2019; Marchi & Shaw, 2011;
Rantalainen, Nikander, Heinonen, Suominen, & Sievinen, 2010; Shaw & Stock, 2009a, 2009b).
Resistance of a diaphysis to bending forces increases as bone tissue is placed farther from the
cross-section centroid (Ruff, 2008). When bending mainly occurs in one plane, bone apposition
or redistribution increases in the direction of the applied force (Ruff & Hayes, 1983a), resulting
in a less circular diaphysis, whereas greater circularity would likely result from habitual activities
that involve multidirectional loading (Shaw & Stock, 2009a, 2009b). With regard to long bone
strength, it has been found to vary with the intensity of activity, being greater in groups engaged
in more strenuous tasks (Marchi & Shaw, 2011; Shaw & Stock, 2009a, 2009b). In summary,
variations in diaphyseal shape can yield information on types of habitual activity, while the

robusticity would reflect overall activity levels (Ruff, Larsen, & Hayes, 1984).

Material and methods

Sex and age-at-death

The selected sample includes 96 adults (48 males and 48 females) in two age classes
(Table S1). Sex was determined according to standard anthropological protocols, based on
dimorphic features of the cranium, mandible, and Os coxae (Ferembach, Schwidetzky, &
Stloukal, 1980; Phenice, 1969; see also Buikstra & Ubelaker, 1994). Given the focus of the study

on sex differences, individuals without reliable sex determination were excluded. Estimations of

10
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1

2

2 302  age-at-death were based on morphological changes in pubic symphysis, auricular surface of

5 303  ilium, and sternal ends of ribs (Brooks & Suchey, 1990; Buckberry & Chamberlain, 2002; Iscan,
? 304  Loth, & Wright, 1984). No individual was older than 50 years, and the sample was divided

g 305 between young adults (aged 20-34 years) and middle adults (35-50 years), following Buikstra

1(1) 306  and Ubelaker (1994).

12 307

12 308  Stable isotope analyses: carbon (6'3C) and nitrogen (6"°N)

:2 309 Isotopic analyses were carried out on rib samples from a subset of 77 adult individuals (>

17310 20 years old). Ribs were selected due to their partial fragmentation in order to minimize

19 311  destruction of the skeletal remains. None of these individuals show skeletal and/or dental

51 312 changes suggestive of pathological conditions that might have influenced the isotopic data

22 313 (Olsen et al., 2014).

24 314 No zooarchaeological specimens are available from La Torrecilla. Therefore, the isotopic
26 315  baseline for this study was estimated from eight chronologically contemporaneous animal

316  samples (7 Ovis aries/Capra hircus and 1 Oryctolagus cuniculus) obtained from archaeological
29 317  contexts in the vicinity of La Torrecilla with similar ecological and edaphological characteristics

31 318 (Alhama of Granada and Arenas del Rey).

33 319 Collagen was extracted in the Stable Isotopes Laboratory of the Andalusian Institute of
gg 320  Earth Sciences (CSIC) following the protocol described by Bocherens et al. (1997) (see also

36 321 Bocherens & Drucker, 2003). All samples were powdered in a mortar, and 300 mg of the powder
38 322 were decalcified in 1 M HCI for 20 min at room temperature, eliminating phosphates, fulvic

323 acids, and other soluble acids, and were then passed through a MF-Millipore 5 pm filter. The

41 324  insoluble residue was plunged into 0.125 M NaOH for 20 h at room temperature. After rinsing
43 325  with Milli-Q water, the neutralized sample was filtered (5 um) to remove humic acids and most
45 326 lipids, and the residue was immersed in a 102 M HCI (pH 2) solution within closed Pyrex tubes
327  at 100 °C to solubilize the collagen. After centrifugation, the supernatant was lyophilized and its
48 328  isotopic composition was analyzed. Around 0.7 mg of collagen was weighed within a tin capsule
50 329  per duplicate and treated in a continuous flow system using an elemental analyzer (set to 1020

5o 330 °C) connected to a mass spectrometer. Sample combustion was obtained in the range of 1600-

>3 331 1800 °C, producing a mixture of carbon and nitrogen oxides that was then reduced at 650 °C,

55 332 resulting in a mixture of CO,, N,, and H,O. The water was chemically removed, and CO, and N,

58 11
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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. N, and CO, obtained by
these procedures were introduced into a Delta Plus XL mass spectrometer for isotope analysis.
The analytical error for 6'°N and 6'3C determinations was < 0.1%o. Isotope results were reported
in comparison to accepted international references: V-PDB for carbon and AIR for nitrogen
(Coplen, 1995). Only samples with good collagen quality were considered, i.e., with an atomic
C:N ratio between 2.9 and 3.6 (DeNiro, 1985) and a collagen yield of > 1% (Ambrose, 1990;
Van Klinken, 1999).

In order to better contextualize the isotopic data from La Torrecilla, these were plotted
alongside published data from other Islamic populations in Iberia (Alexander et al., 2015;
Alexander et al., 2019; Dury et al., 2018; Fuller et al., 2010; Guede et al., 2017; Inskip et al.,
2018; Mundee, 2010; Pickard et al., 2017; Salazar-Garcia et al., 2016; Toso et al., 2019) as well
as unpublished data from Talara (Granada, 13t-15% century AD) (Jiménez-Brobeil et al. in
prep.), the Islamic cemetery of a small settlement (al-garia) in the Lecrin valley on the route

from Granada to the coast.

Long bone cross-sectional properties and stature

Humeral and femoral midshaft diameters and femoral maximum length and
superoinferior head diameter were measured according to Martin and Saller (1957) (Table 1).
Metric data were only recorded when there was no apparent pathology or post-mortem
deformation affecting the measurement. These data were then used to estimate the diaphyseal
structural properties of humerus and femur and the body mass and stature.

First, a diaphyseal shape index was calculated for each bone as a proxy for load
directionality. Maximum and minimum diameters were used to estimate the diaphyseal shape of
the humerus (HMS=HDmax/HDmin), while the ratio of anteroposterior to mediolateral diameter
was used for the femur (FMS=FAPD/FMLD) (Table 1). Consequently, a value of HMS or FMS
close to 1 would indicate the application of equal forces to the two perpendicular planes of the
diaphysis, a value >1 would indicate unidirectional strain on the humerus and greater
anteroposterior strain on the femur, while a value <1 (only possible for FMS, given that HMS is

the ratio of maximum to minimum diameter) would indicate greater mediolateral loading.
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Next, the product of midshaft diameters was calculated for each bone (HDprod and
FDprod) (Table 1) as an “area-like” measurement, broadly indicating loading levels and overall
bone strength. External diaphyseal shape indices and products of diameters were chosen because
they have demonstrated high correlations with certain CSGPs, i.e., Inax/Imin and Iop/In, ratios and
polar second moment of area (Stock & Shaw, 2007).

For each sex, upper limb lateralization was quantified by using the formula of Auerbach and
Ruff (2006) to calculate absolute bilateral asymmetry {%AA= [(maximum-minimum)/(average
of maximum and minimum)]*100} for both humeral diaphyseal properties in order to test for
uni-manual versus bi-manual activities.

Stature was estimated by means of the sex-specific equations of Ruff et al. (2012) for the
femur. The right femur was used when it was present and complete and the left femur when it
was not. For comparability with published data for other Islamic Iberian populations, stature was
also estimated according to Mendonga (2000), frequently applied in Iberian samples. The body
mass was also estimated and considered in the statistical analysis of Dprod values because of its
important effect on the mechanical environment of limb bones (Ruff, 2000; 2008), using the sex-
specific equations of Ruff et al. (2012) for femoral vertical head diameter. The equations were
applied to both right and left femoral head diameters when present and then averaged; otherwise,

body mass was estimated from measurements of the available side.

Statistical analysis
The Shapiro-Wilk test and skewness and kurtosis values were used to check the normality
of data distribution. Non-parametric tests were applied when assumptions of parametric tests

were not met, as specified in the respective tables.

Statistical analysis of stable carbon (6'°C) and nitrogen (6'°N) values

Isotopic values were compared between the sexes, with and without subdivision by age
class, and between age classes within each sex using the independent samples t test, applying the
Mann-Whitney test for non-normally distributed variables (e.g., 8'°N values in females). Given
the possible biocultural relevance of sex differences in the relative dispersion of each isotopic
ratio, variances in 8!3C and 8'°N were also compared between the sexes by using Levene’s test

or the non-parametric Fligner-Killeen test for homogeneity of variances.
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Stature, long bone cross-sectional properties, and correlation with isotopic values

Sexual dimorphism in linear measurements, long bone cross-sectional properties, stature,
and body mass was first quantified as SDI (Sexual Dimorphism Index) = In (Male mean / Female
mean), following Smith (1999). Hence, positive values indicate a higher male mean and negative
values a higher female mean. Because the adults were only divided between two age classes
(young and middle adults), and no individual was older than 50 years of age, stature, shape
indices, and Dprod were only compared between the sexes combining age groups.

All variables are normally distributed with the exception of the %AA for humeral shape
and Dprod. Therefore, sex differences in long bone shape and stature were tested using the
independent-samples t-test, whereas sex differences in Dprod were examined by analysis of
covariance (ANCOVA), controlling for the effect of body mass.

Lateralization in humeral shape indices and Dprod values within each sex was analyzed
with the paired-samples t-test and sex differences in absolute bilateral asymmetry (%AA) were
examined with the Mann-Whitney test. Given that body mass, which potentially affects long
bone diaphyseal morphology, remains constant within individuals, the paired-samples t-test and
%AA calculations were performed with unadjusted Dprod values. Sex differences in variances of
stature, body mass, diaphyseal shape and Dprod values were analyzed with Levene’s test.

Correlations of isotopic values with stature, body mass, and long bone cross-sectional
properties were analyzed separately for each sex using the Pearson (or non-parametric
Spearman) test. For Dprod values, partial correlation analysis was applied to control for
estimated body mass.

Besides p-values, appropriate measures of effect size were calculated for each
comparison to estimate the strength of the relationship between the independent (e.g., sex, side)
and dependent variable, using Hedges’ g and Cohen’s d for the t-tests, ®? for the ANCOVA and r
for the Mann-Whitney tests and results were interpretedfollowing Cohen’s criteria (Cohen, 1988)
(see Tables 2-4). IBM SPSS was used for all statistical analyses, setting an alpha level of 0.05.

Results

Stable isotopes of carbon (6'3C) and nitrogen (6'°N)
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1

2

2 426 Seventy-four human and eight animal samples showed sufficient collagen preservation
5 427  (>1 % yield) and were therefore considered in the study. All samples met published collagen

6

7 428  quality criteria (DeNiro, 1985; Van Klinken, 1999). Table S2 and Figures 2a and 2b report the
g 429  isotopic values for the human samples from La Torrecilla and the animal samples from Alhama

10 430  and Arenas del Rey. All variables are normally distributed except for §!°N in the total female and

12 431  young adult female samples.

13 . . _r .
14 432 Figure 2a depicts the mean values and standard deviations for urban and rural Islamic samples
:2 433 across Iberia (for more details see Table S3). Urban contexts include Valencia, Ecija-Sevilla, Sao

17 434  Jorge castle-Lisbon, Es Soto-Ibiza, and Zaragoza, while rural contexts include Benipeixcar, 33
19 435 Bartomeu Vicent Ramon-Ibiza, Tauste-Zaragoza, Can Fonoll-Ibiza, Tossal de las Basses-

51 436 Alicante, Albarracin castle-Teruel, and Talara-Granada (see references cited above and in Table
22 437 S3).

24 438 d13C values in La Torrecilla range between -19.5 %o and -13.1 %o (mean=-15.1 + 1.3%o V-
26 439 PDB), whereas §'°N values range between 8.8 %o and 12.6%o, (mean=10 + 0.7%0 AIR). Mean
440  3'C and 8N values of herbivorous mammals are — 20.8%o £ 0.6%0 (V-PDB) and 5.8%o + 2 %o
29 441  (AIR) respectively. 8'3C values in La Torrecilla are at the higher end of the range for rural sites
31 442 (Fig. S1), whereas 8!5N values are at the lower end of the range for both rural and urban sites

33 443 (Figures 2 and S1, Table S3). Specifically, §'*C values in La Torrecilla are similar to those in
444  Talara and higher than those in the majority of other Iberian Islamic populations. 8'°N values are
36 445  similar to those in Ecija, Zaragoza, Can Fonoll-Ibiza, and Lisbon and are lower than those in

38 446  Talard, Benipeixcar, Albarracin castle, Tauste, and Tossal del las Basses (Figure 2).

447 In La Torrecilla, no significant sex difference was found in 8'*C or 8'5N ratios for the

41 448  whole sample or for either age class (Table 2). A marked between-sex difference is observed for
43 449  §13C values in Benipeixcar (rural) and for 3'°N values in Tauste, Talara, Tossal de las Basses

45 450  (rural), Zaragoza, and Lisbon (urban). In the other sites, males and females show similar or only
451  slightly different isotopic values.

48 452 Age class comparisons by sex reveal a significant difference between young and middle adult
50 453  males alone for the 6'3C ratio (t=-2.8, p=0.008, Hedge’s g=0.908) (Table 2), with young adult
55 454 males showing higher mean 6'°C values (young adults: n=22, mean= -15.4 + 1.4%o V-PDB;

>3 455  middle adults: n=17, mean=-16.7 + 1.4%o V-PDB).
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Levene's test and the Fligner-Killeen test revealed a significant sex difference in the
variance of 3!3C alone and only when the sample was not subdivided into age classes (Table S4),

with males being characterized by a higher variance (F=5.75, p=0.019).

Stature and long bone cross-sectional properties

Table S5 displays the summary statistics and SDI values for all linear measurements,
diaphyseal cross-sectional properties, stature, and body mass, while Table 3 exhibits sex
comparisons in stature, long bone cross-sectional properties, and %AA.

Mean values are higher in males than females for all linear measurements, stature, and
body mass, as expected (Table S5). Stature is less sexually dimorphic than linear measurements
but significantly differs between the sexes, with a large effect size (t=9.675, p<0.001, Hedges’
g=2.136, Table 3). Figure 3a depicts sex-specific stature estimates for La Torrecilla and other
Islamic populations of the Iberian Peninsula (Barrio & Trancho, 2017; Charisi, in preparation;
De Miguel-Ibafiez, 2016; Herrera, 2012; Lacalle Rodriguez & Guijo Mauri, 2006; Molero
Rodrigo, 2017; Robledo Sanz, 1998; Robles Rodriguez, 1997; Roca De Togores Muiioz, 2008;
Zapata Crespo, 2000). Figure 3b plots the degree of sexual dimorphism in stature at the same

sites.

Statistically significant sex differences (males>females) were also found for all Dprod
values after adjusting for body mass, with the right humeral Dprod showing a large effect size
(0?=0.177), left humeral Dprod a medium-to-large effect size (0>=0.098), and right and left
femoral Dprod values small-to-medium effect sizes (0?>=0.057 and 0.070 respectively) (Table 3).
Shape indices follow a different pattern, with males evidencing slightly higher mean values (less
circular diaphyses) for the femur, although the differences were not statistically significant in t-
tests. In contrast, females show higher HMS values (less circular humeri) on both sides, with
statistically significant differences and large effect sizes (Table 3). HDprod values for both sides
are the most sexually dimorphic of all diaphyseal properties, followed by femoral Dprod and
then long bone shape indices (Table 3).

The Mann-Whitney test shows a significantly higher %AA in males for both humeral
diaphyseal properties, although the effect size is only small for HMS and medium for HDprod
(Table 3). Within-sex comparisons between sides using paired-samples t-tests (Table 4) reveal

significant right-biased lateralization of HDprod in both sexes, with the effect size being large
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1

2

2 487  for males (Cohen’s d=0.884) and medium for females (Cohen’s d=0.564). HMS shows no

5 488  statistically significant lateralization in either sex, although a higher effect size is observed in

? 489  males (Table 4).

g 490 Levene’s test results reveal significant sex differences in humeral and femoral Dprod for

10 491  both sides and in body mass (Table S4), observing higher variances in males than in females.

12 492

13 . . :

14 493 Isotopic data vs. stature and long bone cross-sectional properties

:2 494 Table 5 displays the results of Pearson and Spearman correlation analyses between

17 495  isotopic data and other study variables for each sex. Neither !3C nor 8'°N correlates with stature
19 496  or body mass. 6'3C is negatively correlated with right humeral shape in females (r=-0.39, p=
497  0.039), while 3N is negatively correlated with left humeral Dprod (rho= -0.42, p= 0.036) and
22 498  left (tho=-0.39, p=0.041) and right (tho= -0.46, p= 0.015) femoral Dprod values in females and
24 499 s positively correlated with left (r=0.37, p= 0.023) and right (r= 0.47, p= 0.005) femoral shape

26 500  in males.

28 501

29 502  Discussion

30

31 503

32

33 504  Stable isotopes of carbon (6'°C) and nitrogen (0'°N): general dietary patterns

g;‘ 505 As reported above, zooarchaeological samples from other contexts (Alhama of Granada

36 506 and Arenas del Rey) were used to estimate the isotopic baseline, given the lack of faunal
38 507  specimens from La Torrecilla. This approach is supported by the shared chronology of Alhama,
508  Arenas del Rey, and La Torrecilla and by their geographical proximity, with a large overlap in

40

2; 509 their ecological and edaphological features.

43 510 Stable carbon ratios (3'3C) in collagen samples from La Torrecilla show a difference of
fé 511  5.7%o in mean values between herbivores and humans, much higher than the usual range of 0-2
j? 512 %o (Bocherens & Drucker, 2003). This suggests a differential access of humans and animals to

48 513 Cjversus C4 plants. Specifically, the human isotopic values point to a diet with a marked

50 514  contribution of C4 plants, whereas the animal values indicate the exclusive consumption of Cs
55 515  plants. The difference in 5'°N mean values between humans and herbivores (excluding the

>3 516 rabbit) is 3.6 %o, lower than the trophic level enrichment of ca. 6%o proposed in recent studies

55 517  (O'Connell, Kneale, Tasevska, & Kuhnle, 2012). The lowest 8'°N value (2.1%o AIR) is for the
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rabbit (AL-7), which may be explained by the variability in nitrogen values that often
characterizes this taxon. This likely results from an interplay between various factors, e.g.,
environmental (topography, soil, and vegetation) and diet, rather than from a low trophic level
alone (Alagich et al. 2018; Ugan and Coltrain, 2011). The other faunal samples comprise
domestic species that mostly show values higher than 6%, probably reflecting a manure effect
(Fraser et al., 2011) or the arid conditions, to which sheep and especially goats are better adapted
(Van Klinken et al., 2002). These 3'°N values may also be linked to dietary differences between
sheep and goats and/or reflect pre-weaning signals.

Human isotopic data from La Torrecilla show similarities and differences with those of
other Islamic populations in Iberia. 8'3C values in La Torrecilla are higher than in all other sites
but are similar to those in Talard (-15.4 £1%o V-PDB) (see Fig.2a and Tab. S3). For their part,
d15N ratios are generally within the range of values (between 8.8 and 12.1%o) observed in the
majority of sites (whether rural or urban), as depicted in Figure 2a, with the exception of Tauste
(13.3-16.7%0 AIR). Although no clear dietary pattern is evident among the different populations,
isotopic values in La Torrecilla are closer to those in other rural sites than to those in urban sites
(Fig. S1).

Stable carbon (8'3C) values in La Torrecilla and Talara indicate the consumption of Cy4
plants, which is consistent with the ecological features (climate and altitude) of the Kingdom of
Granada, which were not suitable for wheat cultivation. Contemporary Andalusian authors
documented the use of cereal substitutes for wheat, especially sorghum, in times of scarcity or in
the diet of lower classes (Garcia Sanchez, 1981-82; 1996; Hernandez Bermejo & Garcia
Sanchez, 2008). The §'3C values in La Torrecilla and Talara may be a byproduct of their use of
sorghum to make bread.

An additional factor to consider is the possible consumption of sugarcane, a C4 plant
cultivated along the coast of Granada. Talaré is located on an important route connecting
Granada with the coast, which was used to take fish and sugarcane to the capital. La Torrecilla
was geographically isolated (see above) but probably had access to sugarcane through trading
activities (Espinar, 2009). Ibn al-Jatib (1984) describes several ways in which sugarcane was
consumed (sucking the cane or drinking the squeezed juice). Sugar would probably not be
reflected in collagen, being a pure carbohydrate (Ambrose & Norr, 1993; Tieszen & Fagre,

1993). However, the consumption of sugarcane juice may have led to partial preservation of the

18

John Wiley & Sons, Inc.



Page 19 of 122 American Journal of Physical Anthropology

1

2

2 549  amino acid component of this plant (Larrahondo, 2017) and its resulting reflection in bone
5 550  collagen proteins (Schwarcz, 2002).

3 551

g 552  Sex differences

10 553

12 554  Stable isotopes of carbon (6'3C) and nitrogen (6'°N)

14 555 Sex comparisons of isotopic values in La Torrecilla, with and without subdivision by age
:2 556  class, indicate that the females and males had access to the same type of food resources.

17 557  Importantly, however, this apparent dietary homogeneity may mask quantitative differences. In
19 558 this type of society, women were responsible for preparing and serving food to the men in the
559  family, but they ate separately (Diez Jorge, 2002; Garcia Sanchez, 2006; Toso et al., 2019).

22 560  Contemporaneous Islamic sources make few references to the specific dietary customs of

24 561  women, although some recommend higher caloric intakes (e.g., fats, sweets, or nuts) to increase

26 562  the weight of women for esthetic or health reasons (e.g., pregnancy or wet nursing (Ibn-al Jatib

27
5 063 1984).
gg 564 The higher 6'3C values in young adult males than in middle-adult males suggests their

31 565 intake of a slightly different diet. One possibility is that young males were more mobile, giving

33 566  them greater access to nonlocal food resources; however, additional isotopic analyses (e.g.,

gg 567  oxygen, sulfur, strontium) would be required to test this hypothesis.
36 568 Males and females in La Torrecilla show similar 8'°N values, with and without
37

38 569  subdivision by age class. Sex-specific isotopic ratios markedly vary among the different

570  contexts, especially among urban settings, where the highest isotopic values can be observed in
41 571 either females (e.g., in Zaragoza and Valencia) or males (e.g., in Ecija-Sevilla and Sio Jorge-
43 572  Lisbon). This variability may be related to differences in socio-economic conditions (urban vs.

45 573  rural and rich vs. poor subsistence economies) (Alexander et al. 2019) and to geographic and

j? 574  environmental factors (Inskip et al. 2018; Guede et al. 2017).
48 575 The Fligner-Killeen test results show a similar variance of 8'3N isotopic values between
49

50 576 the sexes, supporting the homogenous access to animal proteins of males and females in La
s 577  Torrecilla. The wider dispersion of 5'3C values among males likely reflects the variation between
>3 578 young- and middle-adult males and the possible access of young adults to slightly different

55 579  foods, as noted above.
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Stature

La Torrecilla features a higher degree of sexual dimorphism in stature than observed in
other Islamic sites (Fig. 3b), which appears to be mainly driven by the remarkably low female
mean stature in comparison to other sites, with the exception of El Fontanar (Cordoba) (Fig. 3a).

Although the relationship between adult body size and life quality is not always
straightforward (Steckel, 2008; Vercellotti and Piperata, 2012; Vercelotti et al., 2014), higher
stature has often been associated with better living conditions in past populations (Cardoso &
Gomes, 2009; Clark, Tayles, and Halcrow, 2014; Maat, 2005; Trautmann, Willing, Dias-Zorita
Bonilla, Bis-Worch, & Bocherens, 2017; Weiss, Vercellotti, Boano, Girotti, & Stout, 2019;
Zakrzewski, 2003). Variation in sexual stature dimorphism (henceforth SSD) has also been
linked to differences in environmental conditions. Female growth is thought to be less sensitive
to environmental changes (Stini, 1969; Stinson, 1985), and sexual dimorphism may decrease in
populations facing adverse circumstances due to a more severe disruption of growth in boys
(Bogin et al., 2017; Camara, 2015; Nikitovic and Bogin, 2014; Vercellotti, Stout, Boano, &
Sciulli, 2011; Weiss et al., 2019; Zakrzewski, 2003), although deviations from this pattern have
been observed (Clark et al., 2014; Gustafsson, Werdelin, Tullberg, & Lindenfors, 2007; Shin,
Oh, Kim, & Hwang, 2012).

Despite being a rural community with relatively poor living conditions, the population of
La Torrecilla shows a marked sexual dimorphism. The reduced stature of females observed may
therefore result from a combination of cultural and environmental factors. The patriarchal
features of the Islamic society of al-Andalus and the social restrictions for women (Coope, 2013,
Hirsch, 2011; Mesned Alesa, 2007) were likely more marked in rural settings (Rubiera, 1989).
Coupled with poor living conditions, these may have resulted in differential parental investment
(e.g., preferential allocation of resources to male offspring), as often observed in poor rural
communities, which negatively affects female growth in some cases (Chen, Huq, & d’ Souza,
1981; Song & Burgard, 2008). Although stable isotope findings do not suggest sex differences in
the adult diet in La Torrecilla, the data on adult stature suggest that young boys may have
enjoyed better overall treatment (access to foods and health care resources) in comparison to
young girls. This conclusion is also supported by historical sources that highlight the persistent

efforts and recommendations of physicians and jurists in favor of equality between boys and
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girls, as opposed to the discriminating practices of the patriarchal society of al-Andalus (Giladi,
1995; Vidal Castro, 2016).

The combined effect of social settings and environmental conditions on growth was
previously described by Charisi et al (2016). In comparison to the contemporaneous urban
Islamic population from the city of Granada, La Torrecilla shows a greater degree of sexual
dimorphism in long bone measurements (lengths, diaphyseal circumferences, and epiphyseal
widths), which may result from the stricter social norms for women and the poorer overall living
conditions in this community. The hypothesis that urban populations in Medieval Islamic Spain
were exposed to less stressful living conditions in comparison to rural communities is partly
supported by Osipov et al. (2020) in their comparative analysis of body size proxies.

The link between SSD and socioeconomic setting is only partially confirmed by
comparisons between La Torrecilla and other Islamic populations from the Iberian Peninsula
(Fig. 3). The lowest SSD is observed in the rural population of Rinconada de Olivares, whereas
the rural population of Xarea displays a sexual stature dimorphism closer to that of La Torrecilla.
Within sex differences in stature in these last two populations may be an artifact of the different
methods used for its estimation. The wide sex difference in the urban sites of El Fontanar and
San Nicolas is also of interest. This apparent variability further highlights the complex nature of
human growth and the need to consider both social and environmental factors when discussing

patterns of sexual dimorphism.

Long bone diaphyseal shape and diameter products

Humeral midshaft shape indices (HMS) are significantly higher (less circular humeri) in
females than in males (Table 3). Diaphyseal non-circularity has been shown to correspond to
activities that produce unidirectional strain, whereas greater circularity may indicate
torsional/multidirectional strain (Ruff & Hayes, 1983a; Shaw & Stock, 2009a, 2009b).
Accordingly, the higher HMS in females in La Torrecilla may relate to their involvement in tasks
that feature repetitive movements which result in unidirectional strain on arm bones (e.g.,
laundry, breadmaking - Mesned Alesa, 2007). However, the highest SDI among linear
measurements is for the minimum diaphyseal diameter of the humerus (HDmin) (Table S5). This
suggests that sex differences in humeral shape may be attributable to a greater strengthening of

male humeri along both minimum and maximum axes, implying multidirectional strain. Hence,
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the results for diaphyseal shape may indicate a greater variety of activities for males. The higher
humeral diameter products (Dprod) in males suggest that their manual activities were also
associated with higher mechanical loading in comparison to females.

The higher percentage absolute asymmetry (%AA) of humeral variables in males
suggests their more frequent performance of unilateral tasks (Table 3). The significant
lateralization in humeral strength among females (Table 4) contrasts with the usual observations
in other sedentary populations, where women are commonly involved in bimanual tasks such as
craftwork or crop seed processing (Cameron, Lapham, & Shaw, 2018; Mays, 1999; Laffranchi et
al., 2020; Miller, Agarwal, Aristazabal, & Langeback, 2018; Ogilvie & Hilton, 2011; Wanner et
al., 2007). Although this pattern has been found to vary among different contexts due to
differences in food processing techniques (Macintosh, Pinhasi, & Stock, 2014; Sladek, Berner,
Holt, Niskanen, & Ruff, 2018), the well-documented abundance of watermills for this purpose in
al-Andalus (Glick, 1994; Martin Civantos, 2011) suggests that right-side lateralization in the
women of La Torrecilla is not linked to specific biomechanical factors related to food processing
tasks. Nevertheless, it may reflect their involvement in other habitual unimanual activities
(although to a lower degree than males); however, no specific historical account is available for
rural al-Andalus. Furthermore, given the low female humeral robusticity (Dprod) in our sample,
it cannot be ruled out that this lateralization is simply the result of the worldwide tendency to
right-biased upper limb asymmetry, even in bone measurements that are not mechanically
affected (Auerbach & Ruff, 2006; Steele, 2000).

Humeral variables in La Torrecilla point to a marked sexual division of labor in this
community, in line with the traditional Islamic requirement for women to stay at home and
dedicate themselves to the upbringing of children (Fierro, 1989; Lopez de la Plaza, 1992;
Mesned Alesa, 2007).

Lower limb bone structure is thought to reflect terrestrial mobility, and more
anteroposteriorly elongated femoral diaphyses generally correspond to increased mobility
(Cameron & Pfeiffer, 2014; Cameron & Stock, 2018, 2019; Holt, 2003; May & Ruff, 2016; Ruff
et al., 2015; Stock & Macintosh, 2016). A trend towards a reduction in sexual dimorphism in
femoral shape with the transition from hunting-gathering to agriculture is well documented in
various geographical and temporal contexts (Berner et al., 2018; Ruff, 1987; Ruff et al., 1984;

Wescott, 2006), and the lack of sex differences in femoral shape in La Torrecilla is consistent

22

John Wiley & Sons, Inc.



Page 23 of 122 American Journal of Physical Anthropology

1

2

z 673  with the agricultural subsistence of this population. At the same time, the greater femoral

5 674  strength (Dprod) of males suggests their habitual performance of activities that produce higher

? 675 mechanical loads on the lower limb.

g 676 Previous analyses of entheseal changes (al-Oumaoui et al., 2004; Laffranchi et al., 2016a)

10 677  and vertebral pathologies (Jiménez-Brobeil et al., 2012) in La Torrecilla support our conclusions
12 678  on the sexual division of labor in this community. A marked differentiation in male and female
14 679  activities was also postulated by Pomeroy & Zakrzewski (2009) in their analysis of long bone
680  diaphyseal shape in Medieval Islamic Ecija (Spain); they mainly found sex differences in lower
17 681 limbs, with males apparently characterized by greater mobility. In the present study, sex

19 682  differences in diaphyseal shape are only observed in the humerus, suggesting similar mobility

51 683 patterns but different types of manual activities for men and women. However, it should be noted
22 684 that La Torrecilla was an agropastoral settlement, whereas Ecija was an important trading center
24 685 (Pomeroy & Zakrzewski, 2009). Hence, although the sexual division of labor was probably

26 686  prevalent in al-Andalus, different economic strategies may have called for distinct types of

687  gendered activity in urban and rural contexts.

29 688 Various non-mechanical variables can influence long bone diaphyseal structure. Thus,

31 689  genetic factors appear to affect long bone robusticity (Agostini, Holt, & Relethford, 2018) and

33 690  bone mechanosensitivity (Hamrick, Sammadar, Pennington, & McCormick, 2006; Niziolek,

691  Warman, & Robling, 2012; Robling & Turner, 2002). Based on craniometrics and nonmetric

36 692  dental data, some authors postulated the presence of a small number of individuals of North

38 693  African descent in La Torrecilla (al-Oumaoui, 2009; du Souich & Ruiz, 1996). It remains unclear
694  whether the resulting genetic heterogeneity would be sufficient to affect the present results.

41 695 Diaphyseal structure is also influenced by both sex and age, and older (especially female)
43 696 individuals are characterized by increased periosteal expansion (Ahlborg, Johnell, Turner,

45 697  Rannevik, and Karlsson, 2003; Feik, Thomas, Bruns, & Clement, 2000; Ruff & Hayes, 1983b;
698  Stein, Thomas, Feik, Wark, and Clement, 1998). Our sample includes only young and middle

48 699  adults, and the majority are young adults. Age-related changes in diaphyseal morphology should,
50 700 therefore, be negligible in this study. However, the aforementioned possibility of quantitative

5o 701 dietary differences between the sexes may have played a role in the sexual dimorphism observed
>3 702 in diaphyseal variables. Nevertheless, given that local (mechanical) rather than systemic factors

55 703  are believed to account for most of the variation in diaphyseal properties (Stock and Pfeiffer,
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2001), an excessively marked division of labor still appears to be a more plausible explanation of

the present results.

Correlation between isotopic and osteological data

Previous studies (Arcini et al. 2014; Bondioli et al. 2016; Osipov et al. 2020; Pfeiffer &
Sealy, 2006) have described a highly variable association between isotopic values and skeletal
measurements. In La Torrecilla, stable isotope values correlate with diaphyseal shape and
diameter products, but the correlations widely vary according to sex, side, and anatomical region
(Table 5). Before discussing these results, it should be borne in mind that isotopic values from
collagen reflect the diet of individuals during the 10-30 years before their death and during a
shorter time span in the case of ribs (Fahy, Deter, Pitfield, Miszkiewicz, & Mahoney, 2017;
Hedges, Clement, Thomas, & O'Connell T, 2007). In contrast, adult stature is largely shaped
during growth (Vercellotti et al., 2014) and is influenced by other factors (genetic,
environmental, and cultural) besides diet (Vercellotti et al., 2014), potentially confounding the
correlation with isotopic values. In summary, even if the diet influences both types of variable
(stable isotopes and stature), their combined consideration should be approached with caution.

Females in our study show a negative correlation of 815N with left and right femoral
Dprod and left humeral Dprod,and of 8'3C with right humeral shape (Table 5). In males, long
bone strength (Dprod) is not correlated with any isotopic value. These findings may tentatively
be attributed to a greater variability in the social roles of women in this community. Thus,
women with lower economic or social status may have had lesser access to animal proteins, a
proportionally higher consumption of plants with lower 3'C values, and a greater engagement in
more stressful and perhaps more diverse activities. Al-Andalus was a highly stratified society
with the common presence of female servants and slaves, even in less wealthy households
(Mesned Alesa, 2007). Furthermore, considering the importance placed on women as wives and
mothers (Mesned Alesa, 2007), it seems reasonable to assume that women destined to give birth
(young married women) or to be wet nurses would receive a better diet and be less involved in
hard work. In any case, our results suggest a consistency in female patterns of diet and activity
level that is not observed for males. This may be due to a general involvement of men in work
related to maintenance of the community (farming, livestock care, and construction), regardless

of their economic status and access to different types of food.
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z 735 Males show a significant positive correlation between FMS (femoral shape) of both sides
5 736 and 65N values (Table 5). Anteroposteriorly elongated femora can be linked to both greater

? 737  mobility and habitual walking on rough terrain (Agostini et al., 2018; Holt & Whittey, 2019;

g 738  Marchi, Sparacello, Holt, & Formicola, 2006). In La Torrecilla, the daily short-distance or

10 739  seasonal long-distance driving of livestock to nearby mountainous areas (Malpica Cuello, 2012)
12 740  was probably carried out by a subset of the male population. The consumption of milk and dairy

14 741 products would have increased during these periods, which may explain the relationship between

:2 742 81N values and femoral shape in males.
17 743 Our results contrast with those of Osipov et al. (2020), who found no significant
18

19 744  correlations of either 8'3C or "N with diaphyseal cross-sectional properties in rural Islamic Can
51 745  Fonoll. This may be related to both environmental and methodological factors. La Torrecilla is a
22 746  mainland context situated close to hills and mountain ranges, whereas Can Fonoll lies inland and
24 747  is comparatively flatter, which may have generated differences in biomechanical stimuli between
26 748 these populations (e.g., time spent on rough terrain). Furthermore, Osipov et al. (2020) did not
749  control for sex or body mass in their analyses, which may also account for differences with the

29 750  present findings.

32 751  Summing up: cultural, environmental, and socioeconomic factors and their effect on sex

752  differences

35 753 The preceding sections discuss the biocultural implications of each variable analyzed in
37 754  this study. Results are heterogeneous and their interpretation rarely straightforward, explaining
39 755  our decision to follow a topic-based order up to this point. However, the main aim of our study
756  was to explore sex differences from multiple perspectives (diet, growth, physical activity), and
42 757  the following question has yet to be addressed: “What insights into gender differences at La

a4 758  Torrecilla are gained from isotope analyses and osteological data, and how do these lines of
759  evidence inform each other? Taken together, the present findings indicate: a) a potential sex

47 760  difference in parental investment during infancy and adolescence, b) no obvious sex differences
49 761 in adult diet, and c) sex differences in daily activities. In general, the results of our analyses point

51 762  to a combined effect of cultural, environmental, and socioeconomic factors on sex-specific

gg 763  Dbiological responses.
54 764 Evidence of sex differences in daily activities at La Torrecilla is predictable, given the
55

56 765 marked gender differentiation in traditional Islamic societies (Garcia Sdnchez, 2006).
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Interestingly, in the present study, this differentiation is simultaneously supported by the long
bone data, age-specific male 8!3C values, and the correlation of male 6'°N values with femoral
shape. These findings offer an intriguing hint of the way in which socially-sanctioned gender
roles can translate into specific biological (skeletal and isotopic) patterns within a given
population. Furthermore, comparisons with the results of previous research in other Iberian
Islamic populations illustrate how specific expressions of culturally imposed gender differences
can be modulated by environmental and socioeconomic factors. Diet composition, especially the
relative contribution of C; versus Cy4 plant products, appears to have been widely diversified in
Iberia (Lopez-Costas & Alexander, 2019). As noted above, this can be largely attributed to the
effects of geophysical factors on the relative viability of crop cultivations (wheat vs. millet)
and/or access to specific food sources (e.g., fish and sugarcane). It is also likely that the range of
locally available foods affected the expression of culturally sanctioned dietary differences
between men and women and the degree and direction of isotopic differences between the sexes
(Fig. 2). Comparison of isotopic and osteological data from La Torrecilla with those from other
Iberian Islamic contexts suggest that socioeconomic conditions were a critical factor in
population-specific sex differences. As already mentioned, rural and urban populations probably
differed not only in their access to different foods but also in the types of activity performed by
each sex, especially by women (Inskip, 2013; Laffranchi et al., 2016a). Other anthropological
studies have highlighted the influence of environmental and socioeconomic factors on the type
and degree of sexual division of labor (e.g., Maggiano et al. 2008; Havelkova, Villotte,
Veleminsky, Polacek & Dobisikova, 2011). Although this was probably also the case for al-
Andalus (Laffranchi et al., 2016a; Shatzmiller, 1997), there is a need for further studies that
explicitly compare sex differences in activities between rural and urban contexts in order to test

this hypothesis.

Conclusion

This study provides novel data on the biological correlates of gender differentiation in
rural al-Andalus through the analysis of sex differences in diet, life quality, and physical activity
in the Medieval rural Islamic population of La Torrecilla (Arenas del Rey, Granada). Results

obtained depict a community with a high degree of sexual dimorphism in stature and evident sex
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1

2

z 797  differences in habitual physical activities. Although the isotopic ratios observed suggest that men
5 798  and women enjoyed access to the same type of food, quantitative differences in favor of males

? 799  cannot be ruled out, given the traditional customs of the time and the results obtained for stature.
g 800 A wider variance in 6'3C values among males suggests that some men had access to non-local

10 801  food sources, possibly due to the frequent displacements required in livestock farming.
12 802  Correlations between stable isotope ratios and long bone diaphyseal properties revealed the

14 803  following sex-specific patterns: lower protein intake and lower 8'3C ratios coinciding with higher

:2 804 levels and possibly more varied types of activity in females; and higher protein intake being
17 805 associated with greater mobility among males.

18

19 806 Overall, this study indicates the presence of strongly genderized rural communities in
20

51 807  Medieval Islamic Spain. The results demonstrate the advantage of considering multiple variables
22 808  when reconstructing the lifeways of past populations and elucidating patterns of gender

24 809 differentiation and social inequality among human communities.

25

26 810

27

28 811

gg 812  Acknowledgements

31 813

32 . .

33 814  The authors thank Arsenio Granados (Stable Isotopes Laboratory, IACT-CSIC) for his

gg 815  contribution in the processing of samples for isotopic analysis and Dr. Christine Cooper and

36 816  Richard Davies for their assistance with the English version. They are also grateful to Prof.

38 817  Francisco Roca Rodriguez and Dr. Michalis Katsoulis for their invaluable advice on statistical
818  issues.

41 819  This study received financial support from the Research Project “Health and diet in rural

43 820 populations from Mediaeval Spain” (HAR2016-75788-P) of the Spanish Government.

45 821  The late Prof. Philippe du Souich carried out the excavations and the first anthropological study
822  of La Torrecilla skeletal remains. This work is humbly dedicated to his memory.

48 823

51 824

58 27

60 John Wiley & Sons, Inc.



oNOYTULT D WN =

825

826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855

American Journal of Physical Anthropology Page 28 of 122

Literature cited

Agostini, G., Holt, B. M., & Relethford, J. H. (2018). Bone functional adaptation does not erase
neutral evolutionary information. American Journal of Physical Anthropology, 166, 708-
729. https://doi.org/10.1002/ajpa.23460

Ahlborg, H. G., Johnell, O., Turner, C. H., Rannevik, G., & Karlsson, M. K. (2003). Bone loss
and bone size after menopause. The New England Journal of Medicine, 349, 327-334.
https://doi.org/10.1056/nejmoa022464

al-Oumaoui, . (2009). Afinidades entre poblaciones antiguas de la Peninsula Ibérica.
Antropologia dental (Unpublished doctoral dissertation). Universidad de Granada,
Granada.

al-Oumaoui, 1., Jiménez-Brobeil, S., & du Souich, P. (2004). Markers of activity patterns in
some populations of the Iberian Peninsula. International Journal of Osteoarchaeology,
14, 343-359. https://doi.org/ 10.1002/0a.719

Alagich, R., Gardeisen, A., Alonso, N., Rovira, N., & Bogaard, A. (2018). Using stable isotopes
and functional weed ecology to explore social differences in early urban contexts: The
case of Lattara in Mediterranean France. Journal of Archaeological Science, 93, 135—
149. https://doi.org/10.1016/j.jas.2018.03.006

Alexander, M. M., Gerrard, C. M., Gutierrez, A., & Millard, A. R. (2015). Diet, society, and
economy in late medieval Spain: stable isotope evidence from Muslims and Christians
from Gandia, Valencia. American Journal of Physical Anthropology, 156, 263-273.
https://doi.org/10.1002/ajpa.22647

Alexander, M. M., Gutierrez, A., Millard, A. R., Richards, M. P., & Gerrard, C. M. (2019).
Economic and socio-cultural consequences of changing political rule on human and
faunal diets in medieval Valencia (c. fifth-fifteenth century AD) as evidenced by stable
isotopes. Archaeological and Anthropological Sciences, 11, 3875-3893.
https://doi.org/10.1007/s12520-019-00810-x

Ambrose, S. H. (1990). Preparation and Characterization of Bone and Tooth Collagen for
Isotopic Analysis. Journal of Archaeological Science, 17, 431-451.
https://doi.org/10.1016/0305-4403(90)90007-R

Ambrose, S. H., & Norr, L. (1993). Experimental evidence for the relation of the carbon isotope

ratios of whole diet and dietary protein to those of collagen and carbonate. In J. B.

28

John Wiley & Sons, Inc.



Page 29 of 122 American Journal of Physical Anthropology

1

2

2 856 Lambert & G. Grupe (Eds.), Prehistoric Human Bone: Archaeology at the Molecular
5 857 Level (pp. 1-37). Berlin: Springer Verlag.

? 858  Arcini, C., Ahlstrom, T., & Tagesson, G. (2014). Variations in Diet and Stature: Are They

g 859 Linked? Bioarchaeology and Paleodietary Bayesian Mixing Models from Linkoping,
1(1) 860 Sweden. International Journal of Osteoarchaeology, 24, 543-556.

12 861 https://doi.org/10.1002/0a.2247

12 862  Arribas, A., & Riu, M. (1974). La necropolis y poblado de La Torrecilla (Pantano de los

:2 863 Bermejales, provincia de Granada). Anuario de Estudios Medievales, 9, 17-40.

17 864  Auerbach, B. M., & Ruff, C. B. (2006). Limb bone bilateral asymmetry: variability and

19 865 commonality among modern humans. Journal of Human Evolution, 50, 203-218.
2% 866 https://doi.org/10.1016/j.jhevol.2005.09.004

22 867  Barrio, P. A., & Trancho, G. J. (2017). Estudio de la estatura a partir de los huesos de la

24 868 extremidad superior de la poblacion hispano-musulmana de San Nicolas (Avila). Revista
;2 869 Espariiola de Antropologia Fisica, 38, 29-43.

;é 870  Berner, M., Sladek, V., Holt, B., Niskanen, M., & Ruff, C. B. (2018). Sexual dimorphism. In:
gg 871 C.B., Ruff (Ed). Skeletal Variation and Adaptation in Europeans: Upper Paleolithic to
31 872 the Twentieth Century (pp 133-161). Hoboken, NJ: Wiley Blackwell.

gg 873  Bertsatos, A., & Chovalopoulou, M. E. (2018). Secular change in adult stature of modern

g;’ 874 Greeks. American Journal of Human Biology, 30, €23077.

g? 875 https://doi.org/10.1002/ajhb.23077

38 876  Bocherens, H., Billiou, D., Patou-Mathis, M., Bonjean, D., Otte, M., & Mariotti, A. (1997).

a0 877 Paleobiological implications of the isotopic signatures (C-13, N-15) of fossil mammal
2; 878 collagen in Scladina cave (Sclayn, Belgium). Quaternary Research, 48, 370-380.

43 879 https://doi.org/10.1006/qres.1997.1927

fé 880  Bocherens, H., & Drucker, D. (2003). Trophic level isotopic enrichment of carbon and nitrogen
j? 881 in bone collagen: Case studies from recent and ancient terrestrial ecosystems.

48 882 International Journal of Osteoarchaeology, 13, 46-53. https://doi.org/10.1002/0a.662
S 883

g; 884  Bogin, B., Scheffler, C., & Hermanussen, M. (2017). Global effects of income and income

g i 885 inequality on adult height and sexual dimorphism in height. American Journal of Human
55 886 Biology, 29, €22980. https://doi.org/10.1002/ajhb.22980

s

58 29

59

60 John Wiley & Sons, Inc.



oNOYTULT D WN =

887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915

American Journal of Physical Anthropology Page 30 of 122

Bogin, B., & Varela-Silva, M. L. (2010). Leg length, body proportion, and health: a review with a
note on beauty. International Journal of Environmental Research and Public Health, 7,
1047-1075. https://doi.org/10.3390/ijerph7031047

Bondioli, L., Nava, A., Rossi, P. F., & Sperduti, A. (2016). Diet and health in Central-Southern
Italy during the Roman Imperial time. Acta Imeko, 5(2), 19-25.

Bozzoli, C., Deaton, A. & Quintana-Domeque, C. (2009). Adult height and childhood disease.
Demography, 46, 647-669.

Bridges, P. S., Blitz, J. H., & Solano, M. C. (2000). Changes in long bone diaphyseal strength
with horticultural intensification in west-central Illinois. American Journal of Physical
Anthropology, 112, 217-238. https://doi.org/10.1002/(SICI)1096-
8644(2000)112:2<217::AID-AJPA8>3.0.CO;2-E

Brooks, S., & Suchey, J. M. (1990). Skeletal age determination based on the os pubis: a
comparison of the Acsadi-Nemeskéri and Suchey-Brooks methods. Human evolution, 5,
227-238. https://doi.org/10.1007/BF02437238

Buckberry, J. L., & Chamberlain, A. T. (2002). Age estimation from the auricular surface of the
ilium: a revised method. American Journal of Physical Anthropology, 119, 231-239.
https://doi.org/10.1002/ajpa.10130

Buikstra, J. E., & Ubelaker, D. H. (1994). Standards for data collection from human skeletal
remains. Arkansas Archeological Survey Research Series. In: Fayetteville, AR: Arkansas
Archeological Survey.

Céamara, A. D. (2015). A biosocial approach to living conditions: inter-generational changes of
stature dimorphism in 20th-century Spain. Annals of Human Biology, 42, 168-178.
https://doi.org/10.3109/03014460.2014.911349

Cameron, M. E., Lapham, H., & Shaw, C. (2018). Examining the influence of hide processing on
Native American upper limb morphology. International Journal of Osteoarchaeology,
28, 332-342. https://doi.org/10.1002/0a.2657

Cameron, M. E., & Pfeiffer, S. (2014). Long bone cross-sectional geometric properties of Later
Stone Age foragers and herder-foragers. South African Journal of Science, 110 (9-10),
78-88. https://doi.org/10.1590/sajs.2014/20130369

30

John Wiley & Sons, Inc.


https://doi.org/10.1590/sajs.2014/20130369

Page 31 of 122 American Journal of Physical Anthropology

1

2

2 916  Cameron, M. E., & Stock, J. T. (2018). Ecological variation in Later Stone Age southern

5 917 African biomechanical properties. Journal of Archaeological Science: Reports, 17, 125-
? 918 136. https://doi.org/10.1016/j.jasrep.2017.10.033

g 919  Cameron, M. E., & Stock, J. (2019). Biomechanics, habitual activity, and resilience among

1(1) 920 Southern African hunter-gatherers and herders. In: D. H., Temple, & C. M., Stojanowski
12 921 (Eds.). Hunter-Gatherer Adaptation and Resilience: A Bioarchaeological Perspective

:i 922 (pp- 110-140 ). Cambridge, United Kingdom: Cambridge University Press.

:2 923  Cardoso, H. F. V., & Gomes, J. E. A. (2009). Trends in adult stature of peoples who inhabited
17924 the modern Portuguese territory from the Mesolithic to the late 20th century.

12 925 International Journal of Osteoarchaeology, 19,711-725. https://doi.org/10.1002/0a.991
;? 926  Carlson, K. J., & Judex, S. (2007). Increased non-linear locomotion alters diaphyseal bone shape.
;g 927 Journal of Experimental Biology, 210, 3117-3125. https://doi.org/10.1242/jeb.006544

24 928  Charisi, D., Laffranchi, Z., & Jiménez-Brobeil, S. A. (2016). Sexual dimorphism in two

26 929 mediaeval Muslim populations from Spain. Homo, 67, 397-408.
o0 930 https://doi.org/10.1016/j.jchb.2016.08.001

29 931  Chavet Lozoya, M. (2015). Los rituales de enterramiento isldmicos en Al-Andalus (ss. VIII-XVI)

31 932 (Unpublished doctoral dissertation). Universidad de Granada, Granada.

gg 933  Chen, L. C., Hugq, E., d’Souza, S. (1981). Sex bias in the family allocation of food and health
g;’ 934 care in rural Bangladesh. Population and Development Review, 7, 55-70.

g? 935 https://doi.org/10.2307/1972764

38 936 Clark, A. L., Tayles, N., & Halcrow, S. E. (2014). Aspects of health in prehistoric mainland

a0 937 Southeast Asia: Indicators of stress in response to the intensification of rice agriculture.
2; 938 American Journal of Physical Anthropology, 153, 484-495.

43 939 https://doi.org/10.1002/ajpa.22449

jg 940  Cohen, J. W. (1988). Statistical Power Analysis for the Behavioral Sciences (2nd ed). Hillsdale,
j? 941 NIJ: Erlbaum.

48 942  Cohen, M. N., & Armelagos, G. J. (1984). Paleopathology at the origins of agriculture:

50 943 (Proceedings of the Conference on Paleopathology and Socioeconomic Change at the
5, 944 Origins of Agriculture Sponsored by the Wenner-Gren Foundation for Anthropological
>3 945 Research and the Hudson Symposium Fund of the State University of New York College

58 31

60 John Wiley & Sons, Inc.


https://doi.org/10.1016/j.jasrep.2017.10.033

oNOYTULT D WN =

946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976

American Journal of Physical Anthropology Page 32 of 122

at Plattsburgh held April 25—-May 1, 1982, at the State University of New York College at
Plattsburgh New York). Orlando: Academic Press.

Cohen, M. N., & Crane-Kramer, G. M. M. (2007). Ancient Health : Skeletal Indicators of
Agricultural and Economic Intensification. Gainesville: University Press of Florida.

Cole, T. J. (2003). The secular trend in human physical growth: a biological view. Economics &
Human Biology, 1, 161-168. https://doi.org/10.1016/S1570-677X(02)00033-3

Coope, J. A. (2013). An etiquette for women: women’s experience of Islam in Muslim Spain.
Essays in Medieval Studies, 29, 75-83. https://doi.org/10.1353/ems.2013.0001

Coplen, T. (1995). New manuscript guidelines for the reporting of stable hydrogen, carbon, and
oxygen isotope-ratio data. Geothermics, 24, 707-712.
https://doi.org/10.1180/minmag.1995.059.397.21

Crimmins, E. M., & Finch, C. E. (2006). Infection, inflammation, height, and longevity.
Proceedings of the National Academy of Sciences, 103, 498-503.
https://doi.org/10.1073/pnas.0501470103

De Miguel-Ibaniez, M. P. (2016). La magbara de Pamplona (s. VIII): Aportes de la
osteoarqueologia al conocimiento de la islamizacion en la Marca Superior (Unpublished
doctoral dissertation). Universitat d'Alacant-Universidad de Alicante, Alicante.

DeNiro, M. J. (1985). Postmortem preservation and alteration of in vivo bone collagen isotope
ratios in relation to palaeodietary reconstruction. Nature, 317(6040), 806-809.

DeNiro, M. J., & Epstein, S. (1981). Influence of Diet on the Distribution of Nitrogen Isotopes in
Animals. Geochimica et Cosmochimica Acta, 45, 341-351. https://doi.org/10.1016/0016-
7037(81)90244-1

Diez Jorge, M.E. (2002). El espacio doméstico: lo femenino y lo masculino en la ciudad palatina
de la Alhambra. Cuadernos de la Alhambra, 38, 155-181

du Souich, P. (1979). Estudio antropologico de la necropolis medieval de La Torrecilla (Arenas
del Rey, Granada). Antropologia y Paleoecologia Humana, 1, 27-40.

du Souich, P., & Ruiz, L. (1996). ;Habia negroides en La Torrecilla?. Acta historica et
archaeologica mediaevalia, 16-17, 295-297.

Dury, G., Lythe, A., Marquez-Grant, N., Garcia-Rubio, A., Graziani, G., Mari, J., Ziriax, M., &
Schulting, R. (2018). The Islamic cemetery at 33 Bartomeu Vicent Ramon, Ibiza:

investigating diet and mobility through light stable isotopes in bone collagen and tooth

32

John Wiley & Sons, Inc.



Page 33 of 122 American Journal of Physical Anthropology

1

2

2 977 enamel. Archaeological and Anthropological Sciences, 11, 3913-3930.

5 978 https://doi.org/10.1007/s12520-018-0644-4

? 979  Espinar Moreno, M. (2009). Hébices de la Mezquita Aljama de Madina Garnata o Iglesia Mayor
g 980 de Granada en el Valle de Lecrin. Studia Orientalia, 107, 51-80.

1(1) 981  Fahy, G. E., Deter, C., Pitfield, R., Miszkiewicz, J. J., & Mahoney, P. (2017). Bone deep:

12 982 Variation in stable isotope ratios and histomorphometric measurements of bone

:i 983 remodelling within adult humans. Journal of Archaeological Science, 87, 10-16.

}2 984 https://doi.org/10.1016/j jas.2017.09.009

17985 Feik, S. A., Thomas, C. D. L., Bruns, R., & Clement, J. G. (2000). Regional variations in cortical

19 986 modeling in the femoral mid-shaft: sex and age differences. American Journal of
22 987 Physical Anthropology, 112, 191-205. htps://doi.org/10.1002/(SICI)1096-
;g 988 8644(2000)112:2<191::AID-AJPA6>3.0.CO;2-3

24 989  Ferembach, D., Schwidetzky, 1., & Stloukal, M. (1980). Recommendations for age and sex

26 990 diagnoses of skeletons. Journal of Human Evolution, 9, 517-549.

;é 991  Fernandes, R., Nadeau, M. J. & Grootes, P. M. (2012). Macronutrient based model for dietary
gg 992 carbon routing in bone collagen and bioapatite. Archaeological and Anthropological

31 993 Sciences, 4, 291-301. https://doi.org/ 10.1007/s12520-012-0102-7

gg 994  Fierro, I. (1989). La mujer en el Coran y el Hadiz. In: M.J. Viguera (Ed.), La mujer en Al-

g;’ 995 Andalus: Reflejos historicos de su actividad y categorias sociales. Actas de las V

36 996 Jornadas de Investigacion Interdisciplinaria (pp.35-51). Madrid: Seminario de Estudios
2573 997 de la Mujer.

zg 998  Fraser, R. A., Bogaard, A., Heaton, T., Charles, M., Jones, G., Christensen, B. T., Halstead P.,
2; 999 Merbach 1., Poulton PR, Sparkes D., & Styring, A. K. (2011). Manuring and stable

43 1000 nitrogen isotope ratios in cereals and pulses: towards a new archaeobotanical approach to
jg 1001 the inference of land use and dietary practices. Journal of Archaeological Science, 38,
4 1002 2790-2804. https://doi.org/10.1016/.jas.2011.06.024

48 1003  Froehle, A. W., Kellner, C. M., & Schoeninger, M. J. (2010). FOCUS: effect of diet and protein
50 1004 source on carbon stable isotope ratios in collagen: follow up to Warinner and Tuross

5o 1005 (2009). Journal of Archaeological Science, 37, 2662-2670.

>3 1006 https://doi.org/10.1016/j.jas.2010.06.003

58 33

60 John Wiley & Sons, Inc.


https://doi.org/10.1016/j.jas.2011.06.024

oNOYTULT D WN =

1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037

American Journal of Physical Anthropology Page 34 of 122

Fuller, B. T., Marquez-Grant, N., & Richards, M. P. (2010). Investigation of diachronic dietary
patterns on the islands of Ibiza and Formentera, Spain: Evidence from carbon and
nitrogen stable isotope ratio analysis. American Journal of Physical Anthropology, 143,
512-522. https://doi.org/10.1002/ajpa.21334

Garcia Sanchez, E. (1981-82). La alimentacion en la Andalucia Islamica. Estudio historico y
bromatoldgico 1. Andalucia Islamica. Textos y Estudios, 11-111, 139-176.

Garcia Sanchez, E. (1995). Cafia de azucar y cultivos asociados en al-Andalus. In A. Malpica
(Ed.), Paisajes del azucar (pp. 41-68). Granada: Diputacion Provincial.

Garcia Sanchez, E. (2006). Comidas de mujeres en la sociedad andalusi. In Calero, M.I. (Ed.),
Las mujeres en la sociedad islamica: una vision plural (pp. 203-222). Malaga,
Universidad de Malaga.

Geller, P. L. (2008). Conceiving sex - Fomenting a feminist bioarchaeology. Journal of Social
Archaeology, 8, 113-138. https://doi.org/10.1177/1469605307086080

Giladi, A. (1995). Gender differences in child rearing and education: some preliminary
observations with reference to medieval Muslim thought. A/-Qantara, 16, 291-308.

Glick, T. F. (1994). Hydraulic Technology in Al-Andalus. In: S.K. Jayyusi (Ed). The Legacy of
Muslim Spain, 2nd Ed (pp. 974-986). Leiden: E.J. Brill.

Grauer, A. L., & Stuart-Macadam, P. (Eds.). (1998). Sex and gender in paleopathological
perspective. Cambridge: Cambridge University Press.

Guede, 1., Ortega, L. A., Zuluaga, M. C., Alonso-Olazabal, A., Murelaga, X., Pina, M.,
Gutiérrez, F. J., & Tacumin, P. (2017). Isotope analyses to explore diet and mobility in a
medieval Muslim population at Tauste (NE Spain). PLoS One, 12(5), e0176572.
https://doi.org/10.1371/journal.pone.0176572

Gunnell, D. J., Smith, G. D., Frankel, S. J., Kemp, M., & Peters, T. J. (1998). Socio-economic
and dietary influences on leg length and trunk length in childhood: a reanalysis of the
Carnegie (Boyd Orr) survey of diet and health in prewar Britain (1937-39). Paediatric
and Perinatal Epidemiology, 12 Suppl 1, 96-113. http://doi.org/10.1046/j.1365-
3016.1998.0120s1096.x

Gustafsson, A., Werdelin, L., Tullberg, B. S., & Lindenfors, P. (2007). Stature and sexual stature
dimorphism in Sweden, from the 10th to the end of the 20th century. American Journal
of Human Biology, 19, 861-870. https://doi.org/10.1002/ajhb.20657

34

John Wiley & Sons, Inc.


https://doi.org/10.1002/ajpa.21334
https://doi.org/10.1177/1469605307086080

Page 35 of 122 American Journal of Physical Anthropology

1

2

2 1038  Hamrick, M. W., Samaddar, T., Pennington C., & McCormick, J. (2006). Increased muscle mass
5 1039 with myostatin deficiency improves gains in bone strength with exercise. Journal of Bone
? 1040 and Mineral Research, 21, 477-483. https://doi.org/10.1359/JBMR.051203

g 1041  Havelkova, P., Villotte, S., Veleminsky, P., Polacek, L., & Dobisikova, M. (2011).

1(1) 1042 Enthesopathies and activity patterns in the Early Medieval Great Moravian population:

12 1043 Evidence of division of labour. International Journal of Osteoarchaeology, 21, 487-504.
1044 https://doi.org/10.1002/0a.1164

:2 1045  Hedges, R. E., Clement, J. G., Thomas, C. D., & O'Connell T. C. (2007). Collagen turnover in
17 1046 the adult femoral mid-shaft: modeled from anthropogenic radiocarbon tracer

12 1047 measurements. American Journal of Physical Anthropology, 133, 808-816.

;? 1048 https://doi.org/10.1002/ajpa.20598

22 1049  Hedges, R. E. M., & Reynard, L. M. (2007). Nitrogen isotopes and the trophic level of humans in

24 1050 archaeology. Journal of Archaeological Science, 34, 1240-1251.

;2 1051 https://doi.org/10.1016/j.jas.2006.10.015

;é 1052  Hernandez Bermejo, J.E., & Garcia Sanchez, E. (2008). Economic botany and ethnobotany in al-
gg 1053 Andalus (Iberian peninsula: tenth-fifteenth centuries). An unknown heritage of Mankind.
31 1054 Economic Botany, 52, 15-26.

gg 1055  Herrera, A. A. (2012). La poblacion de" marroquies bajos": Reconstruccion de la vida biologica,
gg 1056 social y cultural de la necrépolis musulmana de Jaén. Estrat Critic: Revista

36 1057 d'Arqueologia, 6, 68-84.

2573 1058  Hirsch, H. (2011). Personal grooming and outward appearance in early Muslim societies. 4/-

23 1059 Masagq, 23, 99-116. https://doi.org/10.1080/09503110.2011.580629

411060  Hollimon, S.E. (2011). Sex and gender in bioarchaeological research: theory, method and
43 1061 interpretation. In S.C. Agarwal & B.A. Glencross (Eds.), Social Bioarchaeology (pp
45 1062 149-182). West Sussex: Wiley-Blackwell.

1063  Holt B. M. (2003). Mobility in Upper Paleolithic and Mesolithic Europe: Evidence from the
48 1064 lower limb. American Journal of Physical Anthropology, 122, 200-215.

50 1065 https://doi.org/10.1002/ajpa.10256

5o 1066  Holt, B., & Whittey, E. (2019). The impact of terrain on lower limb bone structure. American
>3 1067 Journal of Physical Anthropology, 168, 729-743. https://doi.org/10.1002/ajpa.23790

58 35

60 John Wiley & Sons, Inc.


https://doi.org/10.1002/ajpa.10256
https://doi.org/10.1002/ajpa.23790

oNOYTULT D WN =

1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098

American Journal of Physical Anthropology Page 36 of 122

Howland, M. R., Corr, L. T., Young, S. M. M., Jones, V., Jim, S., Van Der Merwe, N. J.,
Mitchell, A. D., Evershed, R. P. (2003). Expression of the dietary isotope signal in the
compound-specific 8'3C values of pig bone lipids and amino acids. International Journal
of Osteoarchaeology, 13, 54—65. https://doi.org/10.1002/0a.658

Huiskes, R. (1982). On the modelling of long bones in structural analyses. Journal of
Biomechanics, 15, 65-69. https://doi.org/10.1016/0021-9290(82)90036-7

Ibn al-Jatib. (1984). Kitab Al Wusul li-hifz al-sihha fi-l-fusul “Libro de Higiene”. M. C. Vazquez
de Benito (Ed.). Salamanca: Universidad de Salamanca.

Inskip, S. (2013). Islam in Iberia or Iberian Islam: Sociobioarchaeology and the Analysis of
Emerging Islamic Identity in Early Medieval Iberia (Unpublished doctoral dissertation).
University of Southampton, Southampton.

Inskip, S., Carroll, G., Waters-Rist, A., & Lopez-Costas, O. (2018). Diet and food strategies in a
southern al-Andalusian urban environment during Caliphal period, Ecija, Sevilla.
Archaeological and Anthropological Sciences, 11, 3857-3874.
https://doi.org/10.1007/s12520-018-0694-7

Instituto Geoldgico y Minero de Espania (IGME). Sheet 1040 avalaible at
https://info.igme.es/cartografiadigital/geologica/Magna50Hoja.aspx?language=es&id=10
40

Iscan, M. Y., Loth, S. R., & Wright, R. K. (1984). Age estimation from the rib by phase analysis:
white males. Journal of Forensic Sciences, 29, 1094-1104.
https://doi.org/10.1520/JFS11776J. ISSN 0022-1198

Jiménez-Brobeil, S., Roca-Rodriguez, M., Al Oumaoui, 1., & du Souich, P. (2012). Vertebral
Pathologies and Related Activity Patterns in two Mediaeval Populations from Spain.
Collegium Antropologicum, 36, 1019-1025.

Keep, R., & Bogin, B. (1999). Eight thousand years of economic and political history in Latin
America revealed by anthropometry. Annals of Human Biology, 26, 333-351.
https://doi.org/10.1080/030144699282651

King, S. E., & Ulijjaszek, S. J. (1999). Invisible insults during growth and development:
contemporary theories and past populations. In R. D. Hoppa & C. M. FitzGerald (Eds.),
Human Growth in the Past: Studies from Bones and Teeth (pp. 161-182). Cambridge:

Cambridge University Press.

36

John Wiley & Sons, Inc.


https://doi.org/10.1016/0021-9290(82)90036-7
https://doi.org/10.1007/s12520-018-0694-7
https://info.igme.es/cartografiadigital/geologica/Magna50Hoja.aspx?language=es&id=1040
https://info.igme.es/cartografiadigital/geologica/Magna50Hoja.aspx?language=es&id=1040
https://doi.org/10.1520/JFS11776J.%20ISSN%200022-1198

Page 37 of 122

oNOYTULT D WN =

1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129

American Journal of Physical Anthropology

Koepke, N., & Baten, J. (2005). The biological standard of living in Europe during the last two
millennia. European Review of Economic History, 9, 61-95.
https://doi.org/10.1017/S1361491604001388

Koepke, N., Floris, J., Pfister, C., Riihli, F. J., & Staub, K. (2018). Ladies first: Female and male
adult height in Switzerland, 1770-1930. Economics & Human Biology, 29, 76-87.
https://doi.org/10.1016/j.ehb.2018.02.002

Lacalle Rodriguez, R., & Guijo Mauri, J.M. (2006). Analisis antropologico de la poblacion
Islamica califal de El Fontanar. Anales de Arqueologia Cordobesa, 17(2), 291-316.

Laffranchi, Z., Cavalieri Manasse, G., Salzani, L., & Milella, M. (2019). Patterns of funerary
variability, diet, and developmental stress in a Celtic population from NE Italy (3rd-1st c
BC). PLoS One, 14(4), €0214372. https://doi.org/10.1371/journal.pone.0214372

Laffranchi, Z., Charisi, D., Jimenez-Brobeil, S. A., & Milella, M. (2020). Gendered division of
labor in a Celtic community? A comparison of sex differences in entheseal changes
and long bone shape and robusticity in the pre-Roman population of Verona (Italy,
third-first century BC). American Journal of Physical Anthropology, 173, 568-588.
https://doi.org/10.1002/ajpa.24111

Laffranchi, Z., Delgado Huertas, A., Jiménez-Brobeil, S. A., Granados Torres, A., & Riquelme
Cantal, J. A. (2016b). Stable C & N isotopes in 2100 Year-BP human bone collagen
indicate rare dietary dominance of C4 plants in NE-Italy. Scientific reports, 6, 38817.
https://doi.org/10.1038/srep38817

Laffranchi, Z., Martin Florez, J. S., Charisi, D., & Jiménez-Brobeil, S. A. (2016a). Aproximacion
al estilo de vida en el Reino de Granada desde la antropologia fisica: La ciudad y el
campo. Estudios sobre Patrimonio, Cultura y Ciencias Medievales, 18, 659-684.

Larrahondo, J. E. (2017). Composicion quimica de la cafia y factores que afectan la
determinacion de sacarosa y el proceso azucarero. Paper presented at the XIV Congreso
de técnicas azucareras de Guatemala.
www.atagua.org/presentaciones/XIVCongresoNacional2017/fabrica/composicion _quimic
a_dr larrahondo.pdf

Larsen, C. S. (1981). Functional implications of postcranial size reduction on the prehistoric
Georgia coast, U.S.A. Journal of Human Evolution, 10, 489-502.
https://doi.org/10.1016/S0047-2484(81)80095-4

37

John Wiley & Sons, Inc.


https://doi.org/10.1017/S1361491604001388
https://doi.org/10.1016/j.ehb.2018.02.002
https://doi.org/10.1371/journal.pone.0214372
http://www.atagua.org/presentaciones/XIVCongresoNacional2017/fabrica/composicion_quimica_dr_larrahondo.pdf
http://www.atagua.org/presentaciones/XIVCongresoNacional2017/fabrica/composicion_quimica_dr_larrahondo.pdf

oNOYTULT D WN =

1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160

American Journal of Physical Anthropology Page 38 of 122

Larsen, C. S. (2006). The agricultural revolution as environmental catastrophe: Implications for
health and lifestyle in the Holocene. Quaternary International, 150, 12-20.
https://doi.org/10.1016/j.quaint.2006.01.004

Larsen, C. S. (2015). Bioarchaeology: Interpreting Behavior from the Human Skeleton. Second
edition. Cambridge: Cambridge University Press.

Larsen, C. S., Hillson, S. W., Boz, B., Pilloud, M. A., Sadvari, J. W., Agarwal, S. C., Glencross,
B., Beauchesne, P., Pearson, J., Ruff. C. B., Garofalo, E. M., & Kniisel, C. J. (2015).
Bioarchaeology of Neolithic Catalhoyuk: Lives and Lifestyles of an Early Farming
Society in Transition. Journal of World Prehistory, 28, 27-68.
https://doi.org/10.1007/s10963-015-9084-6

Larsen, C. S., Kniisel, C. J., Haddow, S. D., Pilloud, M. A., Milella, M., Sadvari, J. W., Pearson,
J., Ruff, C. B., Garofalo, E. M., Bocaegem, E., Betz, B. J., Dori, 1., & Glencross, B.
(2019). Bioarchaeology of Neolithic Catalhoyuk reveals fundamental transitions in
health, mobility, and lifestyle in early farmers. Proceedings of the National Academy of
Sciences USA, 116, 12615-12623. https://doi.org/10.1073/pnas.1904345116

Lopez-Costas, O., Alexander, M. (2019). Paleodiet in the Iberian Peninsula: exploring the
connections between diet, culture, disease and environment using isotopic and
osteoarchaeological evidence. Archaeological and Anthropological Sciences, 11, 3653—
3664. https://doi.org/10.1007/s12520-019-00886-5

Lopez de la Plaza, G. (1992). Al-Andalus: Mujeres, sociedad y religion. Malaga: Universidad de
Malaga.

Maat, G. J. R. (2005). Two millennia of male stature development and population health and
wealth in the Low Countries. International Journal of Osteoarchaeology, 15, 276-290.
https://doi.org/10.1002/0a.785

Macintosh, A. A., Pinhasi, R., & Stock, J. T. (2014). Divergence in male and female
manipulative behaviors with the intensification of metallurgy in Central Europe. Plos
One, 9, e112116. https://doi.org/10.1371/journal.pone.0112116

Macintosh, A. A., & Stock, J. T. (2019). Intensive terrestrial or marine locomotor strategies are
associated with inter- and intra-limb bone functional adaptation in living female athletes.
American Journal of Physical Anthropology, 168, 566-581.
https://doi.org/10.1002/ajpa.23773

38

John Wiley & Sons, Inc.



Page 39 of 122 American Journal of Physical Anthropology

1

2

2 1161  MacRoberts, R. A., Barrocas Dias, C. M., Matos Fernandes, T., Santos, A. L., Umbelino, C.,

5 1162 Gongalves, A., Santos, J., Ribeiro, R., Schone, B. R., Barros, F., Carreia, F., Vasconcelos
? 1163 Vilar, H., & Maurer, A. F. (2020). Diet and mobility during the Christian conquest of

S 1164 Iberia: The multi-isotopic investigation of a 12th—13th century military order in Evora,
1(1) 1165 Portugal. Journal of Archaeological Science: Reports, 30, 102210.

12 1166 https://doi.org/10.1016/j.jasrep.2020.102210

:i 1167  Maggiano, L. S., Schultz, M., Kierdorf, H., Sierra Sosa, T., Maggiano, C. M., & Tiesler Blos, V.
:2 1168 (2008). Cross-sectional analysis of long bones, occupational activities and long-distance
17 1169 trade of the Classic Maya from Xcambo - Archaeological and osteological evidence.

12 1170 American Journal of Physical Anthropology, 136, 470-477.

2 un https://doi.org/10.1002/ajpa.20830

221172 Malpica Cuello, A. (2012). La vida agricola y la ganaderia en al-Andalus y en el reino nazari de

24 1173 Granada. In R. Marin (Ed.). Homenaje al profesor Dr. D. José Ignacio Fernandez de

;2 1174 Viana y Vieites (pp. 213-228). Granada: Universidad de Granada.

;é 1175  Marchi, D., & Shaw, C. N. (2011). Variation in fibular robusticity reflects variation in mobility
gg 1176 patterns. Journal of Human Evolution, 61, 609-616.

31 1177 https://doi.org/10.1016/j.jhevol.2011.08.005

gg 1178  Marchi, D., Sparacello, V. S., Holt, B. M., & Formicola, V. (2006). Biomechanical approach to
g;’ 1179 the reconstruction of activity patterns in Neolithic Western Liguria, Italy. American

g? 1180 Journal of Physical Anthropology, 131, 447-455. https://doi.org/10.1002/ajpa.20449

38 1181  Martin, R., & Saller, K. (1957). Lehrbuch der Anthropologie. Stuttgart: Gustav Fischer Verlag.
1182  Martin Civantos, J. M. (2011). Working in landscape archaeology: the social and territorial

40

2; 1183 significance of the agricultural revolution in al-Andalus. Early Medieval Europe, 19, 385-
43 1184 410. https://doi.org/10.1111/j.1468-0254.2011.00329.x

fé 1185  May, H., & Ruff, C. (2016). Physical burden and lower limb bone structure at the origin of

j? 1186 agriculture in the Levant. American Journal of Physical Anthropology, 161, 26-36.

jg 1187 https://doi.org/10.1002/ajpa.23003

50 1188  Mays, S. (1999). A biomechanical study of activity patterns in a medieval human skeletal
5o 1189 assemblage. International Journal of Osteoarchaeology, 9, 68-73.
>3 1190 https://doi.org/10.1002/(SICI)1099-1212(199901/02)9:1<68:: AID-OA468>3.0.CO;2-M

58 39

60 John Wiley & Sons, Inc.


https://doi.org/10.1002/ajpa.20449
https://doi.org/10.1111/j.1468-0254.2011.00329.x
https://doi.org/10.1002/ajpa.23003

oNOYTULT D WN =

1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219

American Journal of Physical Anthropology

Mazza, B. (2019). Postcranial morphological variation between hunter-gatherers and
horticulturalists from the lower Parana River Delta, Argentina. American Journal of
Physical Anthropology, 170, 176-195. https://doi.org/10.1002/ajpa.23889

Mendonga, M. C. (2000). Estimation of height from the length of long bones in a Portuguese
adult population. American Journal of Physical Anthropology, 112, 39-48.
https://doi.org/10.1002/(SICI)1096-8644(200005)112:1<39::AID-AJPA5>3.0.CO;2-%23

Mesned Alesa, M. S. (2007). El estatus de la mujer en la sociedad Arabo-Islamica medieval
entre Oriente y Occidente. (Unpublished doctoral dissertation). Universidad de Granada,
Granada.

Mieklejohn, C., & Babb, J. (2011). Long Bone Length, Stature and Time in the European Late
Pleistocene and Early Holocene. In R. Pinhasi & J. T. Stock (Eds.), Human
Bioarchaeology of the Transition to Agriculture (pp. 151-175): John Wiley & Sons, Ltd.

Miller, M. J., Agarwal, S. C., Aristazabal, L., & Langebaek, C. (2018). The daily grind: Sex- and
age-related activity patterns inferred from cross-sectional geometry of long bones in a
pre-Columbian muisca population from Tibanica, Colombia. American Journal of
Physical Anthropology, 167, 311-326. https://doi.org/10.1002/ajpa.23629

Molero Rodrigo, 1. (2017). Estudio bioantropologico de la magbara andalusi de Toledo (siglos
viii-xi). Apuntes sobre el proceso de islamizacion (Unpublished doctoral dissertation).
Universidad Auténoma de Madrid, Madrid.

Mummert, A., Esche, E., Robinson, J., & Armelagos, G. J. (2011). Stature and robusticity during
the agricultural transition: evidence from the bioarchaeological record. Economics and
Human Biology, 9, 284-301. https://doi.org/10.1016/j.ehb.2011.03.004

Mundee, M. M. (2010). Exploring Diet and Society in Medieval Spain: New Approaches Using
Stable Isotope Analysis. (Unpublished doctoral dissertation). Durham University,
Durham. Retrieved from http://etheses.dur.ac.uk/434/

Nikita, E.,Ysi Siew, Y., Stock, J., Mattingly, D., & Mirazén Lahr, M. (2011). Activity patterns in
the Sahara Desert: An interpretation based on cross-sectional geometric properties.
American Journal of Physical Anthropology, 146, 423-434.
https://doi.org/10.1002/ajpa.21597

40

John Wiley & Sons, Inc.

Page 40 of 122



Page 41 of 122 American Journal of Physical Anthropology

1

2

2 1220  Nikitovic, D., Bogin, B. (2014). Ontogeny of sexual size dimorphism and environmental quality
5 1221 in Guatemalan children. American Journal of Human Biology, 26, 117-123.

? 1222 https://doi.org/10.1002/ajhb.22492

g 1223  Niziolek, P. J., Warman, M. L., & Robling, A. G. (2012). Mechanotransduction in bone tissue:
1(1) 1224 The A214V and G171V mutations in Lrp5 enhance load-induced osteogenesis in a

12 1225 surface-selective manner. Bone, 51, 459-465. https://doi.org/10.1016/j.bone.2012.05.023
12 1226 O'Connell, T. C., Kneale, C. J., Tasevska, N., & Kuhnle, G. G. (2012). The diet-body offset in

1 2 1227 human nitrogen isotopic values: a controlled dietary study. American Journal of Physical
1{73 1228 Anthropology, 149, 426-434. https://doi.org/10.1002/ajpa.22140

19 1229  Ogilvie, M. D., & Hilton, C. E. (2011). Cross-sectional geometry in the humeri of foragers and

51 1230 farmers from the prehispanic American Southwest: Exploring patterns in the sexual

;g 1231 division of labor. American Journal of Physical Anthropology, 144, 11-21.

24 1232 https://doi.org/10.1002/ajpa.21362

;2 1233 Olsen, K. C., White, C. D., Longstaffe, F. J., von Heyking, K., McGlynn, G., Grupe, G., &

;é 1234 Riihli, F. J. (2014). Intraskeletal isotopic compositions (8'*C, 5!°N) of bone collagen:

29 1235 Nonpathological and pathological variation. American Journal of Physical Anthropology,
2(1) 1236 153, 598-604. https://doi.org/10.1002/ajpa.22459

gg 1237  Osipov, B., Alaica, A. K., Pickard, C., Garcia-Donas, J. G., Marquez-Grant, N., & Kranioti, E. F.
gg 1238 (2020). The effect of diet and sociopolitical change on physiological stress and behavior
36 1239 in late Roman-Early Byzantine (300-700 AD) and Islamic (902-1,235 AD) populations
2573 1240 from Ibiza, Spain. American Journal of Physical Anthropology, 172, 189-213.

oo 1241 https://doi.org/10.1002/ajpa.24062

411242  Pearson, O. M. (2000). Activity, climate, and postcranial robusticity: implications for modern

43 1243 human origins and scenarios of adaptive change. Current Anthropology, 41, 569-607.

45 1244 https://doi.org/10.1086/317382

1245  Pfeiffer, S., & Sealy, J. (2006). Body size among Holocene foragers of the Cape Ecozone,

48 1246 southern Africa. American Journal of Physical Anthropology, 129, 1-11.

50 1247 https://doi.org/10.1002/ajpa.20231

5o 1248  Phenice, T. W. (1969). A newly developed visual method of sexing the os pubis. American

>3 1249 Journal of Physical Anthropology, 30, 297-301. https://doi.org/10.1002/ajpa.1330300214

58 41

60 John Wiley & Sons, Inc.


https://doi.org/10.1016/j.bone.2012.05.023

oNOYTULT D WN =

1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278

American Journal of Physical Anthropology Page 42 of 122

Pickard, C., Girdwood, L. K., Kranioti, E., Marquez-Grant, N., Richards, M. P., & Fuller, B. T.
(2017). Isotopic evidence for dietary diversity at the mediaeval Islamic necropolis of Can
Fonoll (10th to 13th centuries CE), Ibiza, Spain. Journal of Archaeological Science-
Reports, 13, 1-10. https://doi.org/10.1016/j.jasrep.2017.03.027

Pomeroy, E., & Zakrzewski, S. R. (2009). Sexual dimorphism in diaphyseal cross-sectional
shape in the Medieval Muslim population of Ecija, Spain, and Anglo-saxon Great
Chesterford, UK. International Journal of Osteoarchaeology, 19, 50-65.
https://doi.org/10.1002/0a.981

Prevedorou, E., Diaz-Zorita Bonilla, M., Romero, A., Buikstra, J. E., de Miguel Ibaiiez, M. P., &
Knudson, K. J. (2005). Residential Mobility and Dental Decoration in Early Medieval
Spain: Results from the Eighth Century Site of Plaza del Castillo, Pamplona. Dental
Anthropology, 23, 42-52. https://doi.org/10.26575/daj.v2312.74

Rantalainen, T., Nikander, R., Heinonen, A., Suominen, H., & Sievédnen, H. (2010). Direction-
specific diaphyseal geometry and mineral mass distribution of tibia and fibula: a pQCT
study of female athletes representing different exercise loading types. Calcified Tissue
International, 86, 447-454. https://doi.org/10.1007/s00223-010-9358-z

Robb, J., Bigazzi, R., Lazzarini, L., Scarsini, C., & Sonego, F. (2001). Social "status" and
biological "status": a comparison of grave goods and skeletal indicators from
Pontecagnano. American Journal of Physical Anthropology, 115, 213-222.
https://doi.org/10.1002/ajpa.1076

Robledo Sanz, B. (1998). Dieta, indicadores de salud y caracterizacion biomorfologica de la
poblacion Medieval Musulmana de Xarea (Vélez Rubio, Almeria) (Unpublished doctoral
dissertation). Universidad Complutense de Madrid, Madrid.

Robles Rodriguez, F. J. (1997). Caracteristicas biologicas de la poblacion hispanomulsumana
de San Nicolds (Murcia. s. XI-XIII): estudio de los huesos largos (Unpublished doctoral
dissertation). Universidad Autonoma de Madrid, Madrid.

Robling, A. G., & Turner, C. H. (2002). Mechanotransduction in bone: genetic effects on
mechanosensitivity in mice. Bone, 31, 562-569. https://doi.org/10.1016/S8756-
3282(02)00871-2

42

John Wiley & Sons, Inc.



Page 43 of 122 American Journal of Physical Anthropology

1

2

2 1279  Roca De Togores Mufioz, C. (2008). Antropologia y paleopatologia de los restos dseos

5 1280 exhumados en la magbara del Tossal de Manises (La Albufereta, Alicante). Lucentum,

? 1281 27,229-231.

S 1282  Rubiera, M. J. (1989). Oficios nobles, oficios viles. In: Viguera, M.J. (Ed). La mujer en Al-

1(1) 1283 Andalus: Reflejos historicos de su actividad y categorias sociales. Actas de las V

12 1284 Jornadas de Investigacion Interdisciplinaria (pp.71-76). Madrid: Seminarios de Estudios
:i 1285 de la Mujer.

12 1286  Ruff, C. B. (1987). Sexual dimorphism in human lower limb bone structure: relationship to
171287 subsistence strategy and sexual division of labor. Journal of Human Evolution, 16, 391-
12 1288 416. https://doi.org/10.1016/0047-2484(87)90069-8

;? 1289  Ruff, C.B. (2000). Body size, body shape, and long bone strength in modern humans. Journal of
;g 1290 Human Evolution, 38, 269-290. https://doi.org/10.1006/jhev.1999.0322

24 1291  Ruff, C. B. (2008). Biomechanical analyses of archacological human skeletons. In M.A.

26 1292 Katzenberg & S.R. Saunders (Eds.), Biological Anthropology of the Human Skeleton, 2nd
;é 1293 ed. (pp. 183-206). Hoboken, New Jersey: Wiley.

29 1294  Ruff, C. B., & Hayes, W. C. (1983a). Cross-sectional geometry of Pecos Pueblo femora and

31 1295 tiblae—A biomechanical investigation: I. Method and general patterns of variation.

;g 1296 American Journal of Physical Anthropology, 60, 359-381.

2‘5‘ 1297 https://doi.org/10.1002/ajpa.1330600308

36 1298 Ruff, C. B., & Hayes, W. C. (1983b). Cross-sectional geometry of Pecos Pueblo femora and

2573 1299 tibiae—A biomechanical investigation: II. Sex, age, and side differences. American

>0 1300 Journal of Physical Anthropology, 60: 383-400. https://doi.org/10.1002/ajpa. 1330600309

41 1301  Ruff, C. B., Holt, B., Niskanen, M., Sladek, V., Berner, M., Garofalo, E., Garvin, H. M., Hora,

43 1302 M., Junno, J-A., Schuplerova, E., Vilkama, R., & Whittey, E. (2015). Gradual decline in
44

45 1303 mobility with the adoption of food production in Europe. Proceedings of the National
o 1304 Academy of Sciences, USA, 112, 7147-7152. https://doi.org/10.1073/pnas.1502932112

48 1305 Ruff, C. B., Holt, B. M., Niskanen, M., Sladek, V., Berner, M., Garofalo, E., Garvin, H. M.,

50 1306 Hora, M., Maijanen, H., Niiniméki, S., Salo, K., Schuplerova, E. & Tompkins, D. (2012).
5o 1307 Stature and body mass estimation from skeletal remains in the European Holocene.

>3 1308 American Journal of Physical Anthropology, 148, 601-617.

55 1309 https://doi.org/10.1002/ajpa.22087

58 43

60 John Wiley & Sons, Inc.


https://doi.org/10.1016/0047-2484(87)90069-8
https://doi.org/10.1002/ajpa.1330600308
https://doi.org/10.1073/pnas.1502932112

oNOYTULT D WN =

1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340

American Journal of Physical Anthropology Page 44 of 122

Ruff, C. B, Holt, B. H., & Trinkaus, E. (2006). Who’s afraid of the big bad Wolff? Wolft’s Law
and bone functional adaptation. American Journal of Physical Anthropology, 129, 484-
498. https://doi.org/10.1002/ajpa.20371

Ruff, C. B., Larsen, C., & Hayes, W. C. (1984). Structural changes in the femur with the
transition to agriculture on the Georgia coast. American Journal of Physical
Anthropology, 64, 125-136. https://doi.org/10.1002/ajpa.1330640205

Salazar-Garcia, D. C., Richards, M. P., Nehlich, O., & Henry, A. G. (2014). Dental calculus is
not equivalent to bone collagen for isotope analysis: a comparison between carbon and
nitrogen stable isotope analysis of bulk dental calculus, bone and dentine collagen from
same individuals from the Medieval site of El Raval (Alicante, Spain). Journal of
Archaeological Science, 47, 70-77. http://doi.org/10.1016/j.jas.2014.03.026

Salazar-Garcia, D. C., Romero, A., Garcia-Borja, P., Subira, M. E., & Richards, M. P. (2016). A
combined dietary approach using isotope and dental buccal-microwear analysis of human
remains from the Neolithic, Roman and Medieval periods from the archaeological site of
Tossal de les Basses (Alicante, Spain). Journal of Archaeological Science: Reports, 6,
610-619. https://doi.org/10.1016/].jasrep.2016.03.002

Schoeninger, M. J., & DeNiro, M. J. (1984). Nitrogen and Carbon Isotopic Composition of
Bone-Collagen from Marine and Terrestrial Animals. Geochimica et Cosmochimica Acta,
48, 625-639. https://doi.org/10.1016/0016-7037(84)90091-7

Schoeninger, M. J., & Moore, K. (1992). Bone Stable Isotope Studies in Archaeology. Journal of
World Prehistory, 6, 247-296. https://doi.org/ 10.1007/Bf00975551

Schwarcz, H. P. (2002). Some biochemical aspects of carbon isotopic paleodiet studies. In S. H.
Ambrose & M. A. Katzenberg (Eds.), Biogeochemical Approaches to Paleodietary
Analysis (pp. 189-210). New York: Kluwer Academic Publishers.

Shatzmiller, M. (1997). Women and wage labour in the Medieval Islamic west: legal issues in an
economic context. Journal of the Economic and Social History of the Orient, 40, 174-
206. https://doi.org/10.1163/1568520972600748

Shaw, C. N., & Stock, J. T. (2009a). Intensity, repetitiveness, and directionality of habitual
adolescent mobility patterns influence the tibial diaphysis morphology of athletes.
American Journal of Physical Anthropology, 140, 149-159.
https://doi.org/10.1002/ajpa.21064

44

John Wiley & Sons, Inc.



Page 45 of 122 American Journal of Physical Anthropology

1

2

2 1341 Shaw, C. N., & Stock, J. T. (2009b). Habitual throwing and swimming correspond with upper

5 1342 limb diaphyseal strength and shape in modern human athletes. American Journal of

? 1343 Physical Anthropology, 140, 160-172. https://doi.org/10.1002/ajpa.21063

S 1344  Shin, D. H., Oh, C. S., Kim, Y-S., Hwang, Y-I. (2012). Ancient-to-modern secular changes in
1(1) 1345 Korean stature. American Journal of Physical Anthropology, 147, 433-442.

12 1346 https://doi.org/10.1002/ajpa.22011

:i 1347  Silventoinen, K., Sammalisto, S., Perola, M., Boomsma, D. 1., Cornes, B. K., Davis, C., Dunkel,
:2 1348 L., De Lange, M., Harris, J. R., Hjelmborg, J., Luciano, M., Martin, N., Mortensen, J.,

17 1349 Nistico, L., Pedersen, N., Skytthe, A., Spector, T., Stazi, M. A., Willemsen, G., & Kaprio,
12 1350 J. (2012). Heritability of Adult Body Height: A Comparative Study of Twin Cohorts in
;? 1351 Eight Countries. Twin Research and Human Genetics, 6, 399-408.

;g 1352 https://doi.org/10.1375/136905203770326402

24 1353  Sladek, V., Berner, M., Holt, B., Niskannen, M., & Ruff, C. B. (2018). Past human manipulative

26 1354 behavior in the european Holocene as assessed through upper limb asymmetry. In C. B.,
;é 1355 Ruff (Ed.). Skeletal Variation and Adaptation in Europeans: Upper Paleolithic to the
gg 1356 Twentieth Century (pp 163-208), Hoboken, NJ: Wiley Blackwell

31 1357  Slaus, M. (2000). Biocultural analysis of sex differences in mortality profiles and stress levels in

33 1358 the late medieval population from Nova Raca, Croatia. American Journal of Physical

2‘5‘ 1359 Anthropology, 111, 193-209. https://doi.org/10.1002/(SICI)1096-

36 1360 8644(200002)111:2<193::AID-AJPA6>3.0.CO;2-0

2573 1361  Smith, R. J. (1999). Statistics of sexual size dimorphism. Journal of Human Evolution, 36, 423-
oo 1362 459. https://doi.org/10.1006/jhev.1998.0281

411363  Song, S., Burgard, S. A. (2008). Does son preference influence children’s growth in height? A
43 1364 comparative study of Chinese and Filipino children. Population Studies, 62, 305-320.
45 1365 https://doi.org/10.1080/00324720802313553

1366  Steckel, R. H. (1995). Stature and the Standard of Living. Journal of Economic Literature, 33,
48 1367 1903-1940.

50 1368  Steckel, R. H. (2008). Biological measures of the standard of living. Journal of Economic

5o 1369 Perspectives, 22(1), 129-152. https://doi.org/10.1257/jep.22.1.129

58 45

60 John Wiley & Sons, Inc.


https://doi.org/10.1002/(SICI)1096-8644(200002)111:2%3c193::AID-AJPA6%3e3.0.CO;2-0
https://doi.org/10.1002/(SICI)1096-8644(200002)111:2%3c193::AID-AJPA6%3e3.0.CO;2-0

oNOYTULT D WN =

1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400

American Journal of Physical Anthropology Page 46 of 122

Steele, J. (2000). Handedness in past human populations: Skeletal markers. Laterality:
Assymetries of Brain, Behavior, and Cognition, 5, 193-220.
https://doi.org/10.1080/713754380

Stein, M. S., Thomas, C. D. L., Feik, S. A., Wark, J. D., & Clement, J. G. (1998). Bone size and
mechanics at the femoral diaphysis across age and sex. Journal of Biomechanics, 31,
1101-1110. https://doi.org/10.1016/S0021-9290(98)00127-4

Stini, W. A. (1969). Nutritional stress and growth: Sex difference in adaptive response. American
Journal of Physical Anthropology, 31, 417-426. https://doi.org/10.1002/ajpa.1330310316

Stinson, S. (1985). Sex differences in environmental sensitivity during growth and development.
Yearbook of Physical Anthropology, 28, 123-147.
https://doi.org/10.1002/ajpa.1330280507

Stock, J. T., & Macintosh, A. A. (2016). Lower limb biomechanics and habitual mobility among
mid-Holocene populations of the Cis-Baikal. Quaternary International, 405(Part B), 200-
2009. https://doi.org/10.1016/j.quaint.2015.04.052

Stock, J., & Pfeiffer, S. (2001). Linking structural variability in long bone diaphyses to habitual
behaviors: foragers from the southern African Later Stone Age and the Andaman Islands.
American Journal of Physical Anthropology, 115, 337-348.
https://doi.org/10.1002/ajpa.1090

Stock, J.T., & Pfeiffer, S.K. (2004). Long bone robusticity and subsistence behaviour among
Later Stone Age foragers of the forest and fynbos biomes of South Africa. Journal of
Archaeological Science, 31, 999-1013. https://doi.org/10.1016/].jas.2003.12.012

Stock, J. T., & Shaw, C. N. (2007). Which measures of diaphyseal robusticity are robust? A
comparison of external methods of quantifying the strength of long bone diaphyses to
cross-sectional geometric properties. American Journal of Physical Anthropology, 134,
412-423. https://doi.org/10.1002/ajpa.20686

Suby, J. A., & Guichon, R. A. (2009). Diet, Nutrition and Femoral Robusticity of Hunter-
Gatherers in Southern Patagonia: Experiences and Perspectives. International Journal of
Osteoarchaeology, 19, 328-336. https://doi.org/10.1002/0a.1040

Thomas, A. (2014). Bioarchaeology of the middle Neolithic: Evidence for archery among early
european farmers. American Journal of Physical Anthropology, 154, 279-290.
https://doi.org/10.1002/ajpa.22504

46

John Wiley & Sons, Inc.


https://doi.org/10.1016/j.quaint.2015.04.052
https://doi.org/10.1002/ajpa.1090

Page 47 of 122 American Journal of Physical Anthropology

1

2

2 1401  Tieszen, L. L., & Fagre, T. (1993). Effect of diet quality and composition on the isotopic

5 1402 composition of respiratory CO2 bone collagen, bioapatite, and soft tissues. In J. B.

6

7 1403 Lambert & G. Grupe (Eds.), Prehistoric Human Bone: Archaeology at the Molecular
g 1404 Level (pp. 121-155). Berlin: Springer Verlag.

101405  Torres Balbas, L. (1957). Cementerios hispanomusulmanees. A/-Andalus, 22, 131-191.
12 1406  Torres Delgado, C. (1997). El Reino Nazari de Granada. Granada: Albaida.
14 1407  Toso, A., Gaspar, S., da Silva, R. B., Garcia, S. J., & Alexander, M. (2019). High status diet and

:2 1408 health in Medieval Lisbon: a combined isotopic and osteological analysis of the Islamic
171409 population from Sao Jorge Castle, Portugal. Archaeological and Anthropological

12 1410 Sciences, 11, 3699-3716. https://doi.org/10.1007/s12520-019-00822-7

;? 1411 Trautmann, B., Willing, C., Diaz-Zorita Bonilla, M., Bis-Worch, C., & Bocherens, H. (2017).
;g 1412 Reconstruction of socioeconomic status in the Medieval (14"-15% Century) population of
24 1413 Grevenmacher (Luxembourg) based on growth, development and diet. International

;2 1414 Journal of Osteoarchaeology, 27, 947-957. https://doi.org/10.1002/0a.2606

;é 1415  Trillo-San José, C. (2004). Agua, tierra y hombres en Al-Andalus. La dimension agricola del
29 1416 mundo nazari. Granada: Ajbar.

2(1) 1417  Ugan, A., & Coltrain, J. (2011). Variation in collagen stable nitrogen values in black-tailed

gg 1418 jackrabbits (Lepus californicus) in relation to small-scale differences in climate, soil,

gg 1419 and topography. Journal of Archaeological Science, 38, 1417-1429.

g? 1420 https://doi.org/10.1016/j.jas.2011.01.015

38 1421  Van der Merwe, N. J. (1982). Carbon isotopes, photosynthesis, and archaeology: Different

40 1422 pathways of photosynthesis cause characteristic changes in carbon isotope ratios that
2; 1423 make possible the study of prehistoric human diets. American Scientist, 70, 596-606.

43 1424  Van Klinken, G. J. (1999). Bone collagen quality indicators for palacodietary and radiocarbon

45 1425 measurements. Journal of Archaeological Science, 26, 687-695.
o 1426 https://doi.org/10.1006/jasc.1998.0385

48 1427  VanKlinken, G. J., Richards, M. P., & Hedges, B. E. (2002). An overview of causes for stable
50 1428 isotopic variations in past European human populations: environmental,

5o 1429 ecophysiological, and cultural effects. In: S. H. Ambrose, & M. A. Katzenberg (Eds)
>3 1430 Biogeochemical Approaches to Paleodietary Analysis (pp. 39-63). New York: Kluwer
55 1431 Academic Publishers.

58 47

60 John Wiley & Sons, Inc.


https://doi.org/10.1002/oa.2606

oNOYTULT D WN =

1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460

American Journal of Physical Anthropology

Varalli, A., Villotte, S., Dori, ., & Sparacello, V. S. (2020). New insights into activity-related
functional adaptations and entheseal changes in Neolithic Liguria (northwestern Italy).
Bulletins et Memoires de la Societe d'Anthropologie de Paris 10.3166/bmsap-2020-0072.

Vercellotti, G, & Piperata, B. A. (2012). The use of biocultural data in interpreting sex
differences in body proportions among rural amazonians. American Journal of Physical
Anthropology, 147, 113-127. https://doi.org/10.1002/ajpa.21636

Vercellotti, G., Piperata, B. A., Agnew, A. M., Wilson, W. M., Dufour, D. L., Reina, J. C., . ..
Sciulli, P. W. (2014). Exploring the multidimensionality of stature variation in the past
through comparisons of archaeological and living populations. American Journal of
Physical Anthropology, 155, 229-242. https://doi.org/10.1002/ajpa.22552

Vercellotti, G., Stout, S. D., Boano, R., Sciulli, P. W. (2011). Intrapopulation variation in stature
and body proportions: social status and sex differences in an Italian medieval population
(Trino Vercellese, VC). American Journal of Physical Anthropology, 145, 203-214.
https://doi.org/10.1002/ajpa.21486

Vidal Castro, F. (2016). El tratamiento de la infancia y los derechos del nifio en el derecho
islamico con especial referencia a la escuela maliki y a al-Andalus. Anaquel de Estudios
Arabes, 27, 201-238. https:/doi.org/10.5209/rev._. ANQE.2016.v27.48303

Villotte, S., & Kniisel, C. J. (2014). "I sing of arms and of a man...": medial epicondylosis and
the sexual division of labour in prehistoric Europe. Journal of Archaeological Science,
43, 168-174. https://doi.org/10.1016/j.jas.2013.12.009

Wanner, 1. S., Sierra Sosa, T., Alt, K. W., & Tiesler Blos, V. (2007). Lifestyle, occupation, and
whole bone morphology of the pre-Hispanic Maya coastal population from Xcambo,
Yucatan, Mexico. International Journal of Osteoarchaeology, 17, 253-268.
https://doi.org/10.1002/0a.873

Weiss, E. (2003). Effects of rowing on humeral strength. American Journal of Physical
Anthropology, 121, 293-302. https://doi.org/10.1002/ajpa.10240

Weiss, N. M., Vercellotti, G., Boano, R., Girotti, M., & Stout, S. D. (2019). Body size and social
status in medieval Alba (Cuneo), Italy. American Journal of Physical Anthropology, 168,
595-605. https://doi.org/10.1002/ajpa.23776

48

John Wiley & Sons, Inc.

Page 48 of 122


https://doi.org/10.1002/ajpa.21486

Page 49 of 122 American Journal of Physical Anthropology

1

2

2 1461  Wescott, D. J. (2006). Effect of mobility on femur midshaft external shape and robusticity.

5 1462 American Journal of Physical Anthropology, 130, 201-213.

6

7 1463 https://doi.org/10.1002/ajpa.20316

S 1464  Zakrzewski, S. R. (2003). Variation in ancient Egyptian stature and body proportions. American
10 1465 Journal of Physical Anthropology, 121, 219-229. https://doi.org/10.1002/ajpa.10223

12 1466  Zapata Crespo, J. (2000). Estudio de los restos 0seos de la necrépolis de Rinconada de Olivares,

14 1467 Jumilla (Murcia). Memorias de Arqueologia, 9, 431-440.

:2 1468  Zuckerman, M. K., & Crandall, J. (2019). Reconsidering sex and gender in relation to health and
17 1469 disease in bioarchaeology. Journal of Anthropological Archaeology, 54, 161-171.
18

19 1470 https://doi.org/10.1016/j.jaa.2019.04.001

20

21

2 1471

23 1472

24

25

26 1473  Data availability statement

27

28 1474  The data that support the findings of this study are available from the corresponding author upon

30 1475  reasonable request.

1476
35 1477  No ethical committee approval was required for this study.
38 1478

40 1479

58 49

60 John Wiley & Sons, Inc.



oNOYTULT D WN =

1480

1481
1482
1483
1484
1485
1486

1487
1488
1489

1490
1491

1492
1493
1494

1495

1496
1497

1498
1499

1500
1501
1502
1503
1504
1505
1506

American Journal of Physical Anthropology Page 50 of 122

Figure legends:

Figure 1. a) Geographical position of La Torrecilla (green star) and other sites mentioned in the
text (comparative isotopic dataset only). The image in the circle shows the local environment,
including the Bermejales swamp, with the mountain range of Tejeda and Almijara in the
background (photograph by S. Jiménez- Brobeil); b) plan of the cemetery of La Torrecilla, with
the photograph of a burial on the right (photograph by P. Du Souich, 1975) and the two
radiocarbon-dated burials highlighted in green.

Figure 2. a) '3C and 8'°N values of La Torrecilla compared with mean values and ranges in
human and faunal samples from other Islamic sites from Spain; b) plot representing individual

values and dispersion by sex of !3C and 8'°N in La Torrecilla.

Figure 3. Comparison between La Torrecilla and other rural and urban Islamic populations of

Spain in a) mean stature and standard deviation, and b) sexual dimorphism in stature.

Figure S1. Mean 8'3C and 6'°N values of males and females in La Torrecilla compared with sex-
specific ranges from urban (yellow) and rural (black) Islamic sites in Spain. Names of the sites

(not indicated here for simplicity) are given in Figure 2.
Supplementary material:

Table S1. Sample distribution for each variable (sample size and percentage over total sample

size) by sex and age class. YA=Young Adults, MA=Middle Adults

Table S2. Stable isotope values in bone collagen from human and animal samples. Y A= young

adult; MA= middle adult

Table S3. List of comparative Islamic sites (only humans) in Iberia exhibiting the relative stable
isotope ranges and mean values by sex depicted in Figure 2. N: number of individuals; SD:
standard deviation; min: minimum; max: maximum; NA: sex not assessable. *Es Soto-Ibiza:
only means of the faunal isotopic data are shown in Figure2, due to the absence of mean values
by sex in Fuller et al. (2010).

#: sex means estimated by the authors of this study.
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1507  Table S4. Results of Levene’s and the Fligner-Killeen tests. Significant results are highlighted in
1508  bold.

oNOYTULT D WN =

1509  Table SS. Descriptive statistics and sexual dimorphism index (SDI) values for linear
° 1510  measurements, diaphyseal variables, stature, and body mass. n: sample size, SD: standard
11 1511  deviation, SDI: Sexual Dimorphism Index. All linear measurements are in mm, Dprod in mm?,

13 1512  stature in cm, and body mass in kg. See Table 1 for abbreviations.
15 1513

18 1514

58 51
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Table 1. Linear measurements and diaphyseal cross-sectional properties included in the study

Variable Abbreviation Formula
Humeral maximum diameter at midshaft HDMax

Humeral minimum diameter at midshaft HDMin

Femoral maximum length FML

Femoral vertical head diameter FVHD

Femoral anteroposterior diameter at midshaft FAPD

Femoral mediolateral diameter at midshaft FMLD

Cross-sectional properties

Humeral midshaft shape HMS HDMax/HDMin
Femoral midshaft shape FMS FAPD/FMLD
Humeral product of diameters HDprod HDMax*HDMin
Femoral product of diameters FDprod FAPD*FMLD
Percent absolute bilateral asymmetry§ %AA [(max-min)/(average max & min)]*100

t Linear measurements from Martin & Saller (1957)
¥ HMS from Mazza (2019), FMS, HDprod and FDprod from Stock and Shaw (2007)

§Auerbach & Ruff (2006)

John Wiley & Sons, Inc.
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Table 2. Summary statistics of isotopic values in the human samples by sex and age,
and results of the Independent samples t test; Y A= young adults; MA= middle adults;

n= sample size; SD=Standard deviation.

Males Females
dBC%(V-PDB) n  Min Max  Mean SD n Min Max Mean SD t p Hedges‘ g9
YAZ 22 -177 -131 -154 14 25 -178 -137 -156 1 -0.6 0.502 0.192
MAL 17 -195 -142 -167 14 10 -176 -146 -159 1 1.6 0.127 0.589
Total 39  -19.5 -13.1 -16 1.5 35 -17.8° -13.7 -157 1 0.8 0.445 0.186
8" N%o (AIR) n  Min Max M SO n Min Max M SD
YA 22 9. 11.7 10 05 25 89 126 10 09 2911 0.741% 0.050 §
MA 17 8.8 11.1 9.9 06 10 89 106 98 05 -0.7 0.512 0.252
Tot 39 88 11.7 10 0.5 35 89 126 99 0.8 739.5f 0.541% 0.072 §

T Calculated with Mann-Whitney U test (U statistic is presented).

1613C%o(V-PDB) Males YA vs. MA: t=-2.8; p=0.008, Hedge’s g = 0.908

§ Effect size: r; 0.1=small, 0.3=medium, 0.5=large (Cohen, 1988)

9 Effect size: Hedges' g; 0.2=small, 0.5=medium, 0.8=large (Cohen, 1988)

John Wiley & Sons, Inc.
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1

2

3 . .-

4 Table 3. Sex comparisons for stature, shape indices, Dprod, and humeral %AA.

5 n: sample size, SD: standard deviation, SE: standard error, SDI: sexual dimorphism index. Stature in cm and Dprod in mm?.
6 See Table 1 for abbreviations.

7

8

9 Males Females

10 Independent samples t test

11 n/ Mean / SD n/Mean/SD SDI t p Hedges’ gt
g Stature 45/164.81 /6.46 37/152.14 /5.14 0.080 9.675 <0.001 2.136
14

15 Independent samples t test
16 Shape n/Mean/SD n/Mean/SD SDI t p Hedges’ gt
1; Right HMS 43/1.222/0.089 40/1.301/0.100 -0.063  -3.819  <0.001 0.836
19 Left HMS 39/1.200/1.101 41/1.300/0.113 -0.080  -4.175  <0.001 1.608
20 Right FMS 43/1.074/0.082 44/1.044/0.088 0.028 1.623 0.108 0.353
21 Left FMS 43/1.052/0.078 43/1.030/0.099 0.021 1.135 0.260 0.247
22

23

24 ANCOVA ¥

25 Dprod n / Adjusted mean / SE n/ Adjusted mean / SE SDI § F p ®* ]
26 Right HDprod 38/381.2/8.2 31/292.8/9.3 0.264  40.158  <0.001 0.177
;; Left HDprod 36/343.13/7.97 32/286.47/8.58 0.180 18.650  <0.001 0.098
29 Right FDprod 40/716.01/14.78 36/624.41/15.82 0.137 13.936  <0.001 0.057
30 Left FDprod 41/738.50/ 14.75 36/630.59/16.05 0.158 18.920  <0.001 0.070
31

gg Mann-Whitney U testf

34 %AA n/Mean (Median) / SD n/Mean (Median) / SD SDI U p rf

35 HMS 36/6.40 (5.71)/4.68 39/4.23(2.74)/3.90 0.414 496.5 0.029 0.252
36 HDprod 36/10.61 (10.51)/7.39 39/5.24(4.93)/4.32 0.706 401 0.001 0.369
37

38 1 For Mann-Whitney U test, medians, along with means, are presented. For ANCOVA, adjusted (for body mass) means are presented
39

40 iEffect size; Hedges' g: 0.2=small, 0.5=medium, 0.8=large (Cohen, 1988), ®*: 0.01=small, 0.06=medium, 0.138=large (Cohen, 1988),
j; r: 0.1=small, 0.3=medium, 0.5=large (Cohen, 1988)

22 § SDI calculation for Dprod was based on adjusted means John Wiley & Sons, Inc.
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Table 4. Statistical comparisons for humeral shape indices and unadjusted Dprod between right and left
sides for each sex. n: sample size, SD: standard deviation. Dprod in mm?. See Table 1 for abbreviations.

Right Left Paired samples t-test
n Mean SD n Mean SD t p Cohen’s dt

Males

HMS 36 1.226 0.090 36 1.195 0.103 1.199 0.053 0.333
HDprod 36 400.12 54.66 36 366.27 52.33 5.307 <0.001 0.884
Females

HMS 39 1.302 0.101 39 1.307 0.113 -0.335 0.740 0.054
HDprod 39 267.46 40.30 39 258.42 35.46 3.521 0.001 0.564

1 Cohen's d: 0.2=small, 0.5=medium, 0.8=large (Cohen, 1988)

John Wiley & Sons, Inc.
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Table 5. Results of Pearson correlation analysis between isotopic values (8'3C and 8'°N) and long bone cross-sectional properties, body mass, and stature.

o1 C 0N
Males Females Males Femalest
n r p n r p n r p n rho p
Right HDprod 30 0.18 0.361 25 -0.1 0.653 30 0.04 0.837 25 -0.33 0.113
Left HDprod 30 0.15 0.432 26 -0.01 0.981 30 -0.34 0.074 26 -0.42 0.036
Right FDprod 32 0.32 0.082 29 -0.24 0.216 32 -0.24 0.198 29 -0.46 0.015
Left FDprod 35 0.26 0.135 29 -0.32 0.102 36 -0.17 0.316 29 -0.39 0.041
Right HMS 34 0.09 0.614 29 -0.39 0.039 34 015 0.406 29 0.07 0.702
Left HMS 33 0.01 0.948 30 -0.16 0.414 33 0.05 0.791 30 0.26 0.167
Right FMS 34 -0.24 0.171 32 -0.04 0.819 34 0.47 0.005 32 -0.11 0.558
Left FMS 37 -0.11 0.505 33 -0.12 0.512 37 0.37 0.023 33 -0.09 0.627
Body mass 35 -0.02 0.900 29 -0.16 0.420 35 -0.09 0.622 28 -0.23 0.223
Stature 37 0.06 0.743 31 -0.01 0.963 37 0.18 0.293 34 -0.007 0.972

t: Results of Spearman correlation analysis.

John Wiley & Sons, Inc.
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Grave 118 (cal AD 1296-1405)

1:33 Bartomeu Vicent Ramon-[biza
2: Can Fonoll-Ibiza

3: Albarracin castle-Teruel

4: Benipeixcar

3: Ecija-Sevilla 9 La Torrecilla
6: 8o Jorge castle-Lisbon 9: Tossal de las Basses-Alicante
7: Talard-Granada 10: Valencia

§: Tauste-Zaragoza 11: Zaragoza

1

Figure 1. a) Geographical position of La Torrecilla (green star) and other sites mentioned in the text
(comparative isotopic dataset only). The image in the circle shows the local environment, including the

Bermejales swamp, with the mountain range of Tejeda and Almijara in the background (photograph by S.

Jiménez- Brobeil); b) plan of the cemetery of La Torrecilla, with the photograph of a burial on the right
(photograph by P. Du Souich, 1975) and the two radiocarbon-dated burials highlighted in green.

John Wiley & Sons, Inc.
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30 Figure 2. a) 513C and 5!°N values of La Torrecilla compared with mean values and ranges in human and
faunal samples from other Islamic sites from Spain; b) plot representing individual values and dispersion by

32 sex of 813C and 315N in La Torrecilla.
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Figure 3. Comparison between La Torrecilla and other rural and urban Islamic populations of Spain in a)
mean stature and standard deviation, and b) sexual dimorphism in stature.
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30 Figure S1. Mean 313C and 815N values of males and females in La Torrecilla compared with sex-specific
ranges from urban (yellow) and rural (black) Islamic sites in Spain. Names of the sites (not indicated here
for simplicity) are given in Figure 2.
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