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Abstract 36 
37 

Sheep, and to a lesser extent goat, pastoralism was a central component of the economy of medieval 38 

Sicily. Unlike the Byzantine period (6th- early 9th c.AD), when sheep/goat were mainly raised for their 39 

wool, husbandry strategies wereare much more generalised during the Arab occupation (9th-11th c. 40 

AD). In this latter period, caprines were equally exploited for meat, dairy products and wool. 41 

Biometrical analyses indicate an increase in sheep size in the Arab period, which is probably a 42 

consequence of an interest in maximising outputs. This phenomenon can be interpreted as a 43 

component of the broader changes associated with the so-called Arab Agricultural Revolution. In the 44 

Norman/Aragonese period (11th- late 13thh-14th c. AD), a further improvement in sheep size indicates 45 

a continuity of the animal husbandry strategies initiated by the Arabs. In this period, sheep/goat 46 

culling profiles now suggest the existence of a more specialised economy focused on meat and, to a 47 

lesser extent, wool production.  48 

49 
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72 

1. Introduction73 

74 

‘The green island of Trinacria 75 

where the flock of the sun graze’ 76 

Homer, Odyssey IX 77 

78 

In the period spanning from the ca. 8th to the 13th century AD, the Mediterranean basin saw a radical 79 

transformation in agricultural practices known as the Arab Agricultural Revolution (Watson 1974; 80 

Garcìa Maceira 1876). The production systems established by the Arabs enabled the spread of new 81 

agricultural techniques and plants throughout the Arab world, including Sicily (Watson 1983). 82 

Although the use of the term ‘revolution’ is debatable (Squatriti 2014; Decker 2009; Butzer et al. 83 

1985; Johns 1985), archaeological evidence has clearly attested that the arrival of the Arabs to Sicily 84 

(AD 827) substantially reshaped the agricultural landscape of the island. New techniques of irrigation, 85 

as well as plant species and varieties were introduced and adopted by local communities (Todaro et 86 

al. 2020; Molinari 2010). This is the demonstrated archaeologically by the finding of introduced 87 

aromatic herbs and vegetables, such as the aubergine remains found in Arab contexts at Mazara del 88 

Vallo in southwestern Sicily (Fiorentino et al. 2022in press; Primavera 2018).  89 

However, if on the one hand the above-mentioned agricultural innovations are rather well-explored 90 

in archaeological and historical research,  (Fuks et al. 2020; Civantos 2011), on the other, new ways 91 

of animal exploitation and potential introductions of animal breeds/species have barely been 92 

considered. Most scientific research still focuses on the ‘green’ side of the Arab Agricultural 93 

Revolution in Sicily - e.g., studies of new agricultural mechanisms and the introduction and diffusion 94 

of new plant varieties (Todaro et al. 2020; Fuks et al. 2020; Ros et al. 2016; Civantos 2011; Samuel 95 

2001). . Until recently, very little was known about the potential impact of such revolution on animal 96 

husbandry. Like the newly imported agricultural techniques and plants, different animal exploitation 97 

strategies and breeds could have been introduced to Sicily. Recent zooarchaeological analyses have 98 

demonstrated that the Arabs’ arrival on the island influenced the dietary habits of the local population, 99 

and in particular that of urban communities where the religious taboo on pork consumption was more 100 

strictly followed than at contemporary rural sites (Aniceti and Albarella 2022). It is reasonable to 101 

think that, in addition to pig, the relationship with and use of other domesticates could have also been 102 

influenced by the Arabs. This is especially likely for sheep, as this species dominated the Sicilian 103 

livestock economy in the Arab period (Aniceti and Albarella 2022; Aniceti 2019). 104 

In this studypaper, for the first time, changes to sheep/goat husbandry practices and size in the Arab 105 

period are presented and interpreted as potential zooarchaeological evidence of the effects of the Arab 106 

Agricultural Revolution onto animal husbandry. This studye paper will also discuss how such 107 
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practices of animal management initiated by the Arabs were adopted and adapted in the 108 

Normans/Aragonese period. Published zooarchaeological data from Byzantine and 109 

Norman/Aragonese Sicily, as well as from other regions conquered by the Arabs (i.e., Al-Andalus, 110 

North Africa), will be used here as terms of comparison, facilitating the interpretation and 111 

contextualisation of the zooarchaeological evidence from Arab Sicily. 112 

113 

2. Sites and materials114 

115 

The core dataset used for this paper relies on the study of sheep and goat remains collected from eight 116 

archaeological sites (urban and rural) located in various parts of Sicily (Fig.1) and dated between the 117 

Byzantine-Arab and Arab-Norman/Aragonese transitions (7th-14th c. AD). All sites had at least an 118 

Arab and/or a Norman/Aragonese phase. The only exception is Rocchicella, where two distinctive 119 

Byzantine phases occur but there is no later occupation (Table 1; Aniceti and Albarella 2022; Aniceti 120 

2019).  121 

Different taphonomic processes affected the animal bone assemblages. Of these, particularly 122 

important is the effect of recovery bias. Most bones were exclusively hand-collected during rescue 123 

excavations, and this is likely to have resulted in a bias in the taxonomic and anatomical 124 

representations. Small vertebrate species and smaller anatomical elements are likely to be 125 

underrepresented (Aniceti 2019). Although bone surface preservation was overall good, some 126 

remains were badly preserved; this was likely due to the combination of mechanical disturbance and 127 

chemical erosion. However, the underrepresentation of smaller anatomical elements (e.g. phalanges, 128 

carpals) does not impact on the results discussed in this study. 129 

130 

131 
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132 
133 

Fig.1 Location of the archaeological sites in Sicily whence the faunal assemblages analysed in this study were recovered. 134 

1: Corso dei Mille; 2: Sant’Antonino; 3: the Norman Palace; 4: Castello San Pietro (Palermo); 5: Mazara del Vallo 135 

(Province of Trapani); 6: Casale San Pietro (Castronovo di Sicilia, Province of Palermo); 7: Colmitella (Province of 136 

Agrigento); 8: Rocchicella (Province of Catania).137 
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138 

sites province chronology settlement type  reference(s) 

1. Corso dei Mille Palermo 10th-11th c. AD 

12th-13th c. AD 

urban Battaglia et al. 2016 

Vassallo et al. 2016 

2. Sant’Antonino Palermo late 9th-11th c. AD urban Aleo Nero 2017 

3. The Norman Palace  Palermo early 12th c. AD urban Vassallo et al. 2018 

4. Castello San Pietro Palermo 9th c. AD urban Arcifa and Bagnera 2014 

Arcifa and Lesnes 1997 

Di Stefano et al. 1989 

5. Mazara del Vallo Trapani 2nd ½ 10th - 2nd ½ 11th c. AD 

2nd ½ 12th-late 13th c. AD 

urban Molinari and Meo in 
press. 

Molinari and Cassai 2006 

Cassai 2003 

6. Casale San Pietro Palermo 8th-9th c. AD rural Carver et al. 2019 

Carver et al. 2018 

Carver et al. 2017 

7. Colmitella Agrigento 7th/8th-9th c. AD 

9th-11th c. AD 

rural Rizzo et al. 2015 

Rizzo et al. 2014 

Rizzo et al. 2012 

Rizzo and Romano 2012 

8. Rocchicella Catania 6th-7th c. AD 

9th c. AD 

rural Arcifa 2016 

Maniscalco 2008 

site province chronology period settlement type reference(s) 
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139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

Table 1 Essential information on the archaeological sites whence the faunal assemblages analysed in this study were recovered.162 

1. Corso dei Mille Palermo 10th-11th c. AD 

12th-13th c. AD; 

Arab period 

Norman/Aragonese period 

urban Battaglia et al. 2016 

Vassallo et al. 2016 

2. Sant’Antonino Palermo late 9th-11th c. AD Arab period urban Aleo Nero 2017 

3. The Norman Palace Palermo early 12th c. AD Norman period urban Vassallo et al. 2018 

4. Castello San Pietro Palermo 9th c. AD Arab period urban Arcifa and Bagnera 2014 

Arcifa and Lesnes 1997 

Di Stefano et al. 1989 

5. Mazara del Vallo Trapani 2nd ½ 10th - 2nd ½ 11th c. AD 

2nd ½ 12th-late 13th c. AD 

Arab period 

Norman/Aragonese period 

urban Molinari and Meo in press. 

Molinari and Cassai 2006 

Cassai 2003 

6. Casale San Pietro Palermo 8th-9th c. AD Arab period rural Carver et al. 2019 

Carver et al. 2018 

Carver et al. 2017 

7. Colmitella Agrigento 7th/8th-9th c. AD 

9th-11th c. AD 

Arab period 

Byzantine period 

rural Rizzo et al. 2015 

Rizzo et al. 2014 

Rizzo et al. 2012 

Rizzo and Romano 2012 

8. Rocchicella Catania 6th-7th c. AD 

9th c. AD 

Byzantine period (1) 

Byzantine period (2) 

rural Arcifa 2016 

Maniscalco 2008 
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3. Methodology165 
166 

3.1 Taxonomic identification 167 

168 

The identification of animal remains was helped by consultation of the animal bone atlases by Schmid 169 

(1972) and Barone (1976). The recording followed the Diagnostic Zone Method and applied a 50% 170 

integrity threshold (Albarella and Davis 1994), which allowed to mitigate the problem of 171 

interdependence of remains (Grayson 1984; Lyman 2008). The distinction between sheep (Ovis aries) 172 

and goat (Capra hircus) was attempted on a defined set of anatomical elements (Table 2), and was 173 

based on Boessneck (1969), Kratochvil (1969) and Zeder and Lapham (2010) for post-cranial bones 174 

and Payne (1985), Halstead et al. (2002) and Zeder and Pilaar (2010) for mandibular premolars. Other 175 

elements, unfused bones and any sheep/goat fragments for which a reliable species-level attribution 176 

was not feasible were directly assigned to the sub-family Caprinae. Salvagno and Albarella (2017) 177 

was used to allow an estimation of the proportion of sheep and goat remains based on biometrical 178 

analyses.  179 

180 

sheep/goat distinction - anatomical elements 

horncore distal metacarpal 

posterior cranium distal tibia 

mandible* astragalus 

loose teeth: dP3, dP4, P3, P4  calcaneum 

proximal radius distal metatarsal 

distal humerus - 

181 

Table 2 Anatomical elements on which separation between sheep and goat was attempted. * when at least one of these 182 

teeth was present: dP3, dP4, P3, P4. 183 

184 
185 

3.2 Ageing 186 
187 

In this study, the age-at-death of sheep/goat has been estimated using two methods: the epiphyseal 188 

fusion status of postcranial bones and the eruption and wear patterns of mandibular teeth. 189 

methodsEpiphyseal fusion is used in this studyarticle as a primary source of ageing information, as a 190 

limited number of sheep/goat recordable mandibles were present in most of the analysed faunal 191 

assemblages. However, where possible, comparisons between the two ageing methods were made. 192 

To reconstruct mortality profiles, post-cranial bone fusion data were grouped into three age stages 193 

according to Silver (1969). Sheep/goat tooth eruption and wear stages were recorded following 194 



10 

Ewbank et al. (1964) and Payne (1973;1987) respectively. Sheep/goat mMandibles were attributed 195 

to age stages following Payne’s method (1973) only when at least two teeth with recordable 196 

eruption/wear were present. 197 

198 

3.3 Biometry 199 

200 

Biometrical analyses are used in this paper to explore chronological and inter/intra-site variations in 201 

sheep/goat size. Measurements from sheep/goat post-cranial bones were taken according to von den 202 

Driesch (1976), Davis (1996), and Salvagno and Albarella (2017). The biometrical analyses presented 203 

in this paper focus on post-cranial measurements, as insufficient biometrical values were taken on 204 

teeth. 205 

Morphological observations and biometrical analyses of sheep/goat post-cranial bones indicate that 206 

most of them, if not all, belonged to sheep; goat was present but in very small numbers (Aniceti and 207 

Albarella 2022; Aniceti 2019). Post-cranial bones assigned to sheep were included in biometrical 208 

analyses, while those belonging to goat were excluded. from biometrical analyses, while those 209 

generically assigned to the sub-family Caprinae were included, as mostly deriving from sheep 210 

Measurements were selected from a defined set of diagnostic zones, which tend to preserve better in 211 

the archaeological record and whose state of maturation (epiphyseal fusion stage) can be assessed. 212 

Sheep/goat fully fused and fusing bones have been includedwere included in the biometrical analysis, 213 

while fusing and unfused ones were not. The analysis of absolute measurements from individual 214 

elements is usually preferred, as this allows for a greater control of factors affecting variation (e.g., 215 

ageing, sex, external stimuli; Payne and Bull 1988; Albarella 2002). However, in most cases, the 216 

sample size of measurements from individual elements was small, and measurements from the same 217 

anatomical element were not available for all sites. 218 

Therefore, to increase the sample size and allow direct comparison between site and periods, 219 

measurements from different bones were merged by using a scaling index technique calculated 220 

through log ratios (Simpson et al. 1960; Meadow 1999; Albarella 2002). Such a technique consists 221 

of in calculating the decimal logarithm of the ratio between the archaeological value and a standard 222 

value (Meadow 1999). The standard employed in this study consists of the mean of measurements of 223 

sheep/goat bones from a sample of unimproved Shetland ewes as reported in Davis (1996). The use 224 

of scaling index techniques, however, presents some limitations, i.e., different measurements from 225 

different anatomical elements can be affected to varying extents by age, sex, environmental changes, 226 

and the introduction of new genotypes (Payne and Bull 1988). In order to minimise such effects, some 227 

precautions were taken. The smallest breadth of the diaphysis of long bones (SD) was excluded, since 228 

it tends to be heavily age-related. In addition, measurements lying on different axes should be 229 
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analysed separately, as these can react differently to size change; in this study, to avoid an excessive 230 

reduction of the sample size, width and depth measurements had to be combined but length 231 

measurements were excluded. The HTC (vertical diameter of the trochlea at its central constriction) 232 

of the humerus is not easy to assign to a dimensional axis; here, it has been considered as a robustness 233 

indicator and, therefore, it has been included in the widths/depths group (Table 3).  234 

The statistical significance of biometrical differences between the various groups of data was assessed 235 

by running Student’s t-tests. Such a test is commonly used when measurements are normally 236 

distributed (as is the case of most groups of measurements analysed in this studypaper); however, 237 

being a robust test, it is only marginally affected by variance (Simpson et al. 1960), and therefore can 238 

also be used when data are less than fully normally distributed. For these tests, statistical significance 239 

was tested at the 95% confidence level – p < 0.05 (see Supplementary material). 240 

241 

sheep/goat post-cranial elements measurements 

width depth 

humerus BT, HTC - 

tibia Bd Dd 

astragalus Bd Dl 

calcaneum GD 

metacarpus BFd, WCM, WCL  DEM, DVM, DIM, 
DIL, DVL, DEL 

metatarsus BFd, WCM, WCL  DEM, DVM, DIM, 
DIL, DVL, DEL 

242 

Table 3 Set of measurements used in biometrical analyses, taken after von den Driesch (1976) and Davis (1996). 243 
244 
245 

246 

247 

248 

249 

250 

251 

252 

253 

254 
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4. Results255 
256 

The taxonomic frequency of the main domesticates (cattle, caprines, and pig) has shown that caprines 257 

(mostly represented by sheep) were the most common species in most of the analysed sites and 258 

periods (Aniceti and Albarella 2022; Tables a, b in Supplementary materials).  259 

In this section, sheep/goat ageing profiles and biometrical analyses on post-cranial elements are 260 

presented and compared between different sites and chronological periods.  261 

262 
4.1 Sheep/goat ageing profiles 263 

264 
The Byzantine period 265 

266 
Culling profiles of sheep/goat at rural Colmitella and Rocchicella show similar patterns, although 267 

some differences can be also detected (Fig. 2). At both sites, early culling events (early fusing stage), 268 

representing animals culled before their first-second year of age (lambs) are rare. At Colmitella, ca. 269 

20% of sheep/goat were are culled by their second-third year of age (middle fusing stage) (Fig. 2a); 270 

fewer animals wereare slaughtered at this stage at Rocchicella (Fig. 2b-c). At Colmitella, most 271 

individuals (80%) survived into late adulthood (late fusing stage; ≥3-4 years of age), while at 272 

Rocchicella a slightly larger number of sheep and goats were culled before this age stage. Mandibular 273 

wear stages were estimated for 23 mandibles at Colmitella; the resulting kill-off pattern validate the 274 

results of the epiphyseal fusion analysis (Fig. 2d).  275 

In sum, in the Byzantine period at Colmitella and Rocchicella mature sheep/goat were largely kept 276 

until later adulthood, being mainly exploited for their wool and breeding purposes, with fewer 277 

individuals culled as subadults for their meat. The very low incidence of lambs at both sites could 278 

suggest that the husbandry strategy was not focused on dairy products.; Hhowever, it is also possible 279 

that taphonomic processes (i.e., fragmentation, soil composition, pH level) compromised the survival 280 

of the most fragile and porous bones belonging to very young individuals, of the more fragile bones 281 

of very young individuals, which we would expect to find as part of a dairy economy. Post-282 

depositional processes might have also affected the overall low incidence of perinatal bones, which 283 

indicate on-site breeding. 284 

285 
286 
287 
288 
289 
290 
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291 
292 

293 
Fig.2 Byzantine period - rural sites. Percentage of fused sheep/goat bones within each fusion stage (Silver 1969) at 294 

Byzantine rural sites; early fusing stage: 12-24 months; middle fusing stage: 24-36 months; late fusing stage: 36-48 295 

months - a: Colmitella (n:57;59;10); b: Rocchicella 1st phase (n:54;52;7); c: Rocchicella 2nd phase (n:64;83;5). Frequency 296 

of sheep/goat mandibular wear stages (Payne 1973) at Byzantine rural sites - d: Colmitella (n:23); A: 0-2 months, B: 2-6 297 

months, C: 6-12 months, D: 1-2 years, E: 2-3 years, F: 3-4 years, G: 4-6 years, H: 6-8 years, I: 8-10 years.  298 

299 
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The Arab period 300 
301 

At Arab urban sites, ca. 20% of sheep/goat were culled before reaching their 1st-2nd year of age (early 302 

fusing stage), although slight variations between sites do exist (Fig. 3a-d). In comparison to the 303 

Byzantine period, a higher number of individuals were slaughtered by their second-third year of age 304 

(middle fusing stage); ca. 20%-25% of the animals were culled before reaching their third-fourth year 305 

of age (late fusing stage; the only exception is Sant’Antonino), and ca. 35%-40% of individuals 306 

survived into adulthood.  307 

In sum, the culling pattern from the Arab period at urban sites suggests a rather generalised economy 308 

where sheep/goat were exploited for meat as well as dairy products and wool production. Despite the 309 

overall low number of recovered sheep/goat mandibles at all sites, the kill-off patterns reconstructed 310 

from mandibular wear stages seem to corroborate the results from the epiphyseal fusion (Fig. 4a-d). 311 

At Sant’Antonino there seem to be two groups of animals, with the most numerous kept for meat and 312 

the smaller for secondary products (Fig. 4b). 313 

The sheep/goat culling profile at the rural site of Arab Casale San Pietro entirely recalls those at urban 314 

sites, suggesting a quite generalised husbandry strategy with no focus on specific age groups (Fig. 315 

5a). At Arab Colmitella, a larger number of individuals (ca. 20%) were culled before reaching their 316 

third-fourth year of age (late fusing stage) in comparison to the earlier Byzantine period, with another 317 

ca. 20% culled before the second-third year of age (middle fusing stage). Like in the previous phase, 318 

in the Arab period the majority of individuals (ca. 60%) survived into later adulthood (≥3-4 years of 319 

age). Early culling events (lambs) are rarer; their almost virtual complete absence could be a 320 

consequence of taphonomic processes, which could have detrimentally affected the survival of the 321 

more fragile bones of very young individuals (Fig. 5b).  322 

At Casale San Pietro, the dental evidence suggests a higher incidence of culls in the first year than 323 

indicated by the bone fusion (i.e., stage C); such discrepancy may be the consequence of taphonomic 324 

processes, as the porous bones of very young individuals would preserve less well than their teeth 325 

(Fig. 5db). The kill-off pattern reconstructed from sheep/goat mandibular wear stages at Arab 326 

Colmitella supports the result obtained from the epiphyseal fusion analysis (Fig. 5c). Overall, 327 

sheep/goat husbandry seems less specialised than in the previous phase. A higher number of animals 328 

were culled for their meat once they reached their optimum weight than in the previous period.  329 

330 
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331 

332 

333 
334 
335 
336 
337 
338 

339 

340 

341 

342 

343 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

355 

356 

357 

358 

359 

360 

361 

362 

363 
Fig.3 Arab period - urban sites. Percentage of fused sheep/goat bones within each fusion stage (Silver 1969) at Arab 364 

urban sites; early fusing stage: 12-24 months; middle fusing stage: 24-36 months; late fusing stage: 36-48 months - a: 365 

Corso dei Mille (n:48;17;11); b: Sant’Antonino (n:63;13;23); c: Castello San Pietro (n:69;45;23); d: Mazara del Vallo (n: 366 

135;60;69). 367 

368 
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369 
370 

371 
Fig.4 Arab period - urban sites. Frequency of sheep/goat mandibular wear stages (Payne 1973) at Arab urban sites - a: 372 

Corso dei Mille (13); b: Sant’Antonino (27); c: Castello San Pietro (31); d: Mazara del Vallo (58). A: 0-2 months, B: 2-373 

6 months, C: 6-12 months, D: 1-2 years, E: 2-3 years, F: 3-4 years, G: 4-6 years, H: 6-8 years, I: 8-10 years. 374 

375 
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376 

377 
Fig.5 Arab period - rural sites. Percentage of fused sheep/goat bones within each fusion stage (Silver 1969) at Arab rural 378 

sites; early fusing stage: 12-24 months; middle fusing stage: 24-36 months; late fusing stage: 36-48 months - a: Casale 379 

San Pietro (n:30;12;7); b: Colmitella (n:26;21;8). Frequency of sheep/goat mandibular wear stages (Payne 1973) at Arab 380 

rural sites - c: Casale San Pietro (n:12); d: Colmitella (n:18). A: 0-2 months, B: 2-6 months, C: 6-12 months, D: 1-2 years, 381 

E: 2-3 years, F: 3-4 years, G: 4-6 years, H: 6-8 years, I: 8-10 years. 382 
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The Norman/Aragonese period 383 

384 

In the Norman/Aragonese period some changes in sheep/goat husbandry are visible (Fig. 6). At Corso 385 

dei Mille, for example, a higher proportion of individuals (ca. 40%) were culled before reaching 386 

three/four years of age (late fusing stage) in comparison to the previous phase (Fig. 6a). At the 387 

Norman Palace, ca. 30% of animals were culled before their second-third year of age (middle fusing 388 

stage), while a further ca. 40% of animals were slaughtered before reaching three-four years of age 389 

(late fusing stage). A smaller proportion of individuals survived into later adulthood (> three-four 390 

years of age) (Fig. 6b). 391 

At Norman/Aragonese Mazara del Vallo a higher incidence of individuals survived into late 392 

adulthood (ca. 70%) in comparison to the Arab phase, while ca. 20% were culled before reaching 393 

their third-fourth year of age (late fusing stage) and the second-third year of age (middle fusing stage; 394 

Fig. 6c) respectively. The results obtained from mandibular wear stages at the Norman Palace and 395 

Mazara del Vallo corroborate the epiphyseal fusion data (Fig. 6d-e). 396 

In sum, it seems that sheep/goat husbandry in the Norman/Aragonese period was more specialised 397 

than in the Arab phase; individuals were mainly exploited for their meat at Corso dei Mille and the 398 

Norman Palace, and for wool production - and, to a lesser extent, milk - at Mazara del Vallo.  399 

400 

401 

402 

403 

404 

405 

406 

407 

408 

409 

410 

411 

412 

413 

414 

415 

416 

417 
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418 

419 
Fig.6 Norman/Aragonese period - urban sites. Percentage of fused sheep/goat bones within each fusion stage (Silver 1969) 420 

at Norman/Aragonese urban sites; early fusing stage: 12-24 months; middle fusing stage: 24-36 months; late fusing stage: 421 

36-48 months - a: Corso dei Mille (n:15;2;2); b: the Norman Palace (n:12;17;4); c: Mazara del Vallo (n:58;37;40). 422 

Frequency of sheep/goat mandibular wear stages (Payne 1973) at Norman/Aragonese urban sites - d: the Norman Palace 423 
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(n:17); e: Mazara del Vallo (n:43). A: 0-2 months, B: 2-6 months, C: 6-12 months, D: 1-2 years, E: 2-3 years, F: 3-4 years, 424 

G: 4-6 years, H: 6-8 years, I: 8-10 years. 425 
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4.2 Biometry 426 
427 

Overall, in most periods and sites the log-ratio histograms of sheep post-cranial bones display a 428 

roughly unimodal distribution of data1 (Fig. 7). In the Byzantine period, no obvious differences in 429 

sheep size are visible between the rural sites of Rocchicella and Colmitella. In the later Arab period, 430 

sheep are larger in size at Colmitella in comparison to its previous period; such an increase is 431 

confirmed by the results of statistical test (see Fig. a; and Tables cb, dc in Supplementary material). 432 

Sheep from the Arab period at Casale San Pietro are of a similar size to those from contemporary 433 

Colmitella.  434 

Sheep size at Arab urban sites is slightly more variable than at rural sites. At Arab Palermo 435 

(Sant’Antonino, Castello San Pietro) and Mazara del Vallo the animals are similar in size to those of 436 

the contemporary rural sites (Colmitella and Casale San Pietro), but at Corso dei Mille they are 437 

smaller. 438 

A further increase in sheep size is attested in the Norman/Aragonese period at the urban sites of the 439 

Norman Palace and Mazara del Vallo. In the latter site sheep are larger in comparison to the previous 440 

Arab phase, and this is also confirmed by the Student’s t-test indicating a statistically significant size 441 

increase. Sheep become larger also at Norman/Swabian Corso del Mille, although they are still overall 442 

smaller than at contemporary urban sites. In this case, however, the observed increase of sheep size 443 

is not statistically significant the observed increase of sheep size is not confirmed by the statistical 444 

test (see Fig.  a;  and Tables cb, dc in Supplementary material) and therefore would need verification 445 

with larger samples. 446 

447 

448 

449 

450 

451 

452 

453 

454 

455 

456 

457 

458 

1 Goats were excluded from the biometrical analysis when they could be identified. Overall, identified caprine specimens 
are likely to be overwhelmingly sheep (see 3. Methodology, 3.3 Biometry). 
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Figure 7 Distribution of log-ratio values of sheep post-cranial bone measurements from Byzantine Rocchicella (1st and 463 

2nd phases; n:99;118) and Colmitella (n:146), from Arab Colmitella (n:60), Casale San Pietro (n:55), Corso dei Mille 464 

(n:76), Castello San Pietro (n:111), Sant’Antonino (n: 216), Mazara del Vallo (n: 139), and from Norman/Aragonese 465 

Mazara del Vallo (109), the Norman Palace (n:68) and Corso dei Mille (n:93). The triangles indicate the logarithmic 466 

means; the standard used (black line) is the means of measurements from a sample of unimproved Shetland ewes (Davis 467 

1996). 468 

469 

The large dataset from Mazara del Vallo has provided the opportunity to generate additional log-ratio 470 

histograms in which widths and depths from from the bones less influenced by sex differences the 471 

less sex-depended bones only were analysed (tibia, calcaneum and astragalus; Fig.8). This mitigated 472 

the influence of sexual dimorphism in the assessment of size change between the Arab and the 473 

Norman/Aragonese period at the site. As Fig. 8 indicates, a higher incidence of larger measurement 474 

characterises the bones from Norman/Aragonese Mazara in comparison to those of the Arab period, 475 

thus suggesting an increase in sheep size. Therefore, it is possible to affirm that a genuine increase in 476 

sheep size occurred from the Arab to the Norman/Aragonese periods at Mazara, and that differences 477 

in the proportion of ewes, wethers and rams are unlikely to lie behind such differences in size. 478 

479 

480 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

Fig.8 Distribution of log ratio values of sheep post-cranial bone less sex-dependent measurements from Arab (n: 100) 491 

and Norman/Aragonese (n: 81) Mazara del Vallo. The triangles indicate the logarithmic means. The standard used (black 492 

line) is the means of measurements from a sample of unimproved Shetland ewes (Davis 1996). 493 

494 

495 

496 

497 

498 
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499 

5. Discussion500 
501 

At the two Byzantine sites of Rocchicella and Colmitella sheep/goat husbandry practices seem rather 502 

similar. Overall, mature sheep/goat were largely kept until later adulthood, with fewer individuals 503 

culled for their meat. At both sites, and especially at Colmitella, there seems to have been a specific 504 

interest in wool production, a pattern that has also been observed at the Late Roman - Byzantine sites 505 

of Castagna (Agrigento; Johnstone 1997), Kaukana (Ragusa; MacKinnon unp.a), Ganzirri (Messina; 506 

Mangano 2001), Sofiana (Enna; MacKinnon unp.b,c,d), and Gerace (Enna; Wilson 2021). 507 

Such specialised husbandry practices are in line with an interest in wool production, which starts to 508 

be attested in central and southern Italy since the Late Antiquity/Early Byzantine period. This 509 

phenomenon could be a response to the decline in linen imports, which was highly popular in the 510 

textile market of the Late Roman period (MacKinnon 2002).  511 

Zooarchaeological data from the Palermo sites presented for the first time in this studypaper (Corso 512 

dei Mille, Sant’Antonino and Castello San Pietro) and Mazara del Vallo, as well as from previous 513 

studies (Via Imera, Santa Maria degli Angeli alla Gancia, and Palazzo Bonagia - Palermo; Arcoleo 514 

and Sineo 2014; Arcoleo 2015) highlight the prominent role that sheep had in the economy of Arab 515 

Sicily (Aniceti and Albarella 2022). The much lower frequency of goat in urban sites (Aniceti 2019) 516 

suggests that a few goats may have been herded with sheep in mixed local flocks, a common practice 517 

in the Mediterranean Basin (Ramalho Ribeiro et al. 2006). The current evidence suggests that sheep 518 

was better represented in Sicilian and Al-Andalusian contexts (Aniceti and Albarella 2022; García-519 

García 2019), while goats were more common in North Africa (e.g., the urban sites of Lepcis Magna, 520 

Libyan Valleys, Setif, Chercel, Volubilis, and Quseir al-Qadim; Hamilton-Dyer 2011; Mackinnon 521 

2017; King 2018). Different environmental and climatic conditions could explain such discrepancies, 522 

due to the different physiological and behavioral characteristics of the two species: goats tend to be 523 

better adapted to severe climatic and environmental conditions, such as semi-desertic or desertic 524 

environments, which are more typical of North Africa. In addition, different social and economic 525 

needs could have also contributed to a different incidence of sheep and goat; sheep are well-known 526 

sources of wool, while goats are better milk producers (Mackinnon 2017). 527 

Sheep/goat exploitation was unspecialized in both urban and rural sites in Arab Sicily, with 528 

individuals culled at different age stages. A similar trend has been also detected for most urban sites 529 

dated to the Arab period in North Africa (Mackinnon 2017). Such a high level of flexibility in 530 

sheep/goat husbandry regimes recalls that practiced by modern pastoral communities in North Africa 531 

and the Middle East. In these areas, owning a flock and exploiting it for generalised purposes 532 

represents an invaluable economic investment; the exploitation of sheep/goat is highly versatile and 533 
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can be adapted to economic conditions and changing social needs (Abu-Rabia 1994; MacKinnon 534 

2017).  535 

Unlike Arab Sicily and North Africa, most urban sites from Al-Andalus show more specialised 536 

sheep/goat husbandry practices focusing on the production and consumption of meat (Morales-Muñiz 537 

et al. 2011). Exceptions to this trend, however, do exist. A more generalised exploitation of sheep/goat 538 

was recently suggested, for example, for the Muslim site of Šaqunda (Andalucía; García-García 2019), 539 

and this can be indicative of the existence of different pastoral strategies in Al-Andalus (Davis et al. 540 

2008; Moreno-García 2013).  541 

The almost complete absence of published biometrical data from Roman/Byzantine/medieval sites in 542 

Sicily does not provide us with the opportunity to interpret our biometric results in the broader context 543 

of the island. Zooarchaeological evidence for a size increase in sheep has, however, been detected in 544 

other regions conquered by the Arabs. For instance, it has been attested in 12th-13th centuries AD 545 

contexts in Portugal (Davis 2008) and in the 8th-10th centuries AD levels of a number of southern 546 

Spanish sites (García-García 2019). As higher meat yield is correlated with larger bones in sheep 547 

(Hammond 1960), it is likely that the need and will of the Arab administration to replace meat 548 

production from the fast-growing and highly productive (but now prohibited) pig was the trigger 549 

behind this increase in sheep size, along with the renowned passion for mutton of the Arab invaders 550 

(Davis 2008). The Arabs may have improved the sheep locally, for example by improving animal 551 

management and/or through selective breeding, or through the importation of a ‘larger’ breed from 552 

North Africa and/or the Middle East, to improve the size of local populations through interbreeding. 553 

Historical information from Cairo Genizah indicates that, in the 11th-12th centuries AD, the 554 

Mediterranean Sea was perceived as a large, shared market (Goitein 1967; Goldberg 2012). 555 

Following Klein (1920), the establishment and development of important trade networks in different 556 

areas of the Mediterranean could have led to the introduction of new breeds of sheep from northern 557 

Morocco into Arab territories; the Merinos is likely one of the breeds (if not the only one) imported 558 

to the Iberian Peninsulathe Merinos is likely (one of?) the breed(s) imported to the Iberian Peninsula. 559 

There are several theories about the origins of the Merinos sheep (Sanchez Belda and Sanchez 560 

Trujillano 1987); one of these suggests that this breed originated in the course of the 14th century AD 561 

as a result of the crossbreeding of coarse-woolled ewes with fine-woolled rams from North Africa 562 

(Riu 1983). The hypothesis of the movement of sheep flocks between North Africa and the Iberian 563 

Peninsula has partially been proved by genetic studies which, on samples from seven modern 564 

Portuguese breeds, highlighted a strong correlation of maternal lineages with those of Middle Eastern 565 

and Asian sheep (Pereira et al. 2006). Unlike modern Spain and Portugal, where Merinos are well-566 

established, very few Merino sheep flocks are, however, present nowadays in Sicily. Here, another 567 
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breed partly of North African origins and now facing extinction is raised: the Barbaresca Siciliana 568 

(Fig. 9).  569 

This breed is well-suited to a generalised mode of exploitation, being productive in terms of meat, 570 

milk and wool outputs. The Barbaresca Siciliana derives from the crossbreeding of the indigenous 571 

Pinzirita sheep with the fat tailed Barbaresca (or Berberine/Berbera) sheep, which is native of North 572 

Africa (Bigi and Zanon 2008). Among the autochthonous modern sheep breeds of Sicily, the 573 

Barbaresca is one of the largest; therefore, in addition to being a versatile breed, it provides a larger 574 

than average amount of meat (Bigi and Zanon 2008). The potential genetic relation of the Barbaresca 575 

with North African sheep breeds is still debated (Mastrangelo et al. 2017; 2019).  576 

577 

578 
Fig.9 Barbaresca Siciliana sheep (central Sicily) Photo credit: Nuccio Ciuni. 579 

580 
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It is thus tempting to date back the crossbreeding of the autochthonous Pinzirita sheep and the North 581 

African Barbaresca to Arab times. This would explain the increase in sheep size revealed by the 582 

zooarchaeological analyses. Large sheep, such as the North African Barbaresca, could have been 583 

brought by the Arabs into Sicily, as part of a plan to improve animal management. It was probably 584 

part of a more general agricultural programme, which included the introduction of new plants and 585 

agricultural methods. More efficient techniques of crop production could have also led to the 586 

improvement of animal nutrition which would have also contributed to a size increase in sheep. The 587 

presence, in Arab Palermo and Mazara, of sheep populations of different size suggests some degree 588 

of variability and the co-existence of different breeds. Major urban sites such as Palermo and Mazara 589 

would have been most likely supplied from different sources, hence the presence of different size 590 

groups.  591 

In the later Norman/Aragonese period, additional changes in the culling strategies of sheep/goat were 592 

detected. At all the analysed and comparative sites, such as Brucato (Bossard-Beck 1984), Calathamet 593 

(Di Patti et al. 2013), Castello di Fiumedinisi (Villari 1988), Rocca di Entella (Bedini 1999), Segesta 594 

(Di Martino 1997), Palazzo Chiaramonte Steri (Di Patti and Lupo 2012), an overall shift from a 595 

generalised (typical of the Arab period) to a more specialised sheep/goat husbandry is evident. Most 596 

sheep/goat were exploited for meat (and, to a lesser extent, wool) production, with animals generally 597 

culled once they had reached their optimum weight. This specific focus on meat consumption, which 598 

partially recalls the ‘passion for mutton’ of the Arabs (Davis 2008), is supported by biometrical 599 

analyses on sheep/goat post-cranial bones. An analysis of the less sex-dependent measurements 600 

indicates an increase in sheep size in the Norman/Aragonese period of Mazara del Vallo, which is 601 

probably independent of any changes in livestock sex ratio. A similar increase in size is also attested 602 

at Norman/Swabian Corso dei Mille, although for this site the potential effect of variable sex 603 

proportions is more difficult to assess. No diachronic comparisons were possible for the Norman 604 

Palace; here, however, sheep are similar in size to those from Norman/Swabian Mazara del Vallo.  605 

606 
607 

608 

609 

610 

611 

612 

613 

614 

615 



29 

6. Conclusion616 

617 

This study article has highlighted the important role of the analysing study of animal remains in 618 

developing the concept of the Arab Agricultural Revolution, one of the most discussed socio-cultural 619 

and economic phenomena of medieval Europe. In Sicily, the Arab Agricultural Revolution was not 620 

limited to the introduction of new plants/varieties and agricultural techniques, but it also embraced 621 

animal husbandry, aiming at a more comprehensive exploitation of the countryside. Additional 622 

improvements in the Norman/Aragonese period suggest that the Arab innovations continued to be 623 

valued and were, in fact, further developed by the new Christian rulers. The archaeological evidence 624 

thus indicates a long-term process of sheep size improvement, reflecting a commonality of purpose 625 

in the Arab and later periods. Larger sheep, along with changes in dietary habits the already discussed 626 

trends in pork consumption (Aniceti and Albarella 2022), represent one of the many aspects of the 627 

troubled process of acceptance, rejection, and adaptation of cultural, religious, and economic 628 

elements of the old Arab administration by the new one.  629 

630 
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Supplementary material 653 
654 
655 
656 

657 

658 
Table a: NISP counts and frequencies of the three main domesticates (cattle, caprines and suids). 659 

660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 

a) Byzantine period (7th- 8th/9th c. AD)

site type name cattle caprines suids NISP  

main domesticates 

Total NISP 

rural Colmitella n:176 – 25% n:265 – 38% n:256 – 37% n:697 n:871 

rural Rocchicella n:77 – 13% n:330 – 55% n:190 – 32% n:547 n:634 

b) Islamic period (9th-11th c. AD)

site type name cattle caprines suids NISP 

main domesticates 

Total NISP 

rural Colmitella n:95 – 40% n:97 – 41% n:47 – 20% n:239 n:300 

urban Castello San Pietro n:47 – 14% n:231 – 69% n:56 – 17%  n:334 n:382 

rural Casale San Pietro n:23 – 15% n:69 – 45% n:62 – 40%  n:154 n:192 

urban Corso dei Mille n:54 – 33% n:106 – 65% n:2 – 1% n:162 n:177 

urban Sant’Antonino n:27 – 7% n:358 – 92% n:3 – 1% n:388 n:474 

urban Mazara del Vallo n:121 – 28% n:303 – 70% n:11 – 3% n:435 n:546 

c) Norman/Aragonese period (second ½ 11th- late 13th c. AD)

site type name     cattle caprines suids NISP 

main domesticates 

Total NISP 

urban Corso dei Mille n:27 – 13% n:171– 85% n:4 – 2%  n:202 n:246 

urban The Norman Palace n:11 – 4% n:95 – 38% n:147 – 58% n:253 n:286 

urban Mazara del Vallo n:61 – 20% n:200 – 66% n:41 – 14% n:302 n:427 
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676 
Byzantine period RO1 RO2 CO Total 

sheep 96 172 149 417 

goat 4 7 23 34 

sheep/goat 49 2 93 144 

Total 149 181 265 595 

Arab period CO CASP CSP CDM SANT MZ Total 

sheep 69 140 38 88 223 250 808 

goat 1 9 1 5 26 17 59 

sheep/goat 27 82 30 13 109 36 297 

Total 97 231 69 106 358 303 1164 

Norman/Aragonese period CDM NP MZ Total 

sheep 88 58 96 242 

goat 5 1 7 13 

sheep/goat 13 36 63 112 

Total 106 95 166 367 

677 
678 

Table b: Recorded countable elements identified as sheep (Ovis aries), goat (Capra hircus) and sheep/goat (Ovis/Capra) 679 
at Rocchicella phase 1 (RO1), Rocchicella 2 (RO2), Colmitella (CO), Castello San Pietro (CASP), Casale San Pietro 680 
(CSP), Corso dei Mille (CDM), Sant’Antonino (SANT), the Norman Palace (NP) and Mazara del Vallo (MZ) in the 681 
Byzantine, Arab and Norman/Aragonese periods.  682 

683 
684 
685 
686 
687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
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Figure a: Student’s t-test p-values for sheep/goat post-cranial bone widths/depths. p-values assess the probability that the 712 
two groups of values being compared are statistically similar. Therefore, low p-values suggest that the difference between 713 
the two groups is statistically significant; the threshold usually applied is p<0.05 (black line). The numbers listed in the 714 
X axis of the graph refer to comparisons as shown in Tables cs.b; ,dc. 715 

716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
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b) 

Period Site AR N/S AR N/S AR AR N/A BYZ AR BYZ1 BYZ2 AR 

CDM CDM  SANT  NP  CSP  MZ  MZ CO  CO RO  RO  CASP  

AR CDM - 1 2 3 4 5 6 7 8 9 10 11 

N/S CDM 1 - 12 13 14 15 16 17 18 19 20 21 

AR SANT 2 12 - 22 23 24 25 26 27 28 29 30 

N/S NP 3 13 22 - 31 32 33 34 35 36 37 38 

AR CSP 4 14 23 31 - 39 40 41 42 43 44 45 

AR MZ 5 15 24 32 39 - 46 47 48 49 50 51 

N/A MZ 6 16 25 33 40 46 - 52 53 54 55 56 

BYZ CO 7 17 26 34 41 47 52 - 57 58 59 60 

AR CO 8 18 27 35 42 48 53 57 - 61 62 63 

BYZ1 RO 9 19 28 36 43 49 54 58 61 - 64 65 

BYZ2 RO 10 20 29 37 44 50 55 59 62 64 - 66 

AR CASP 11 21 30 38 45 51 56 60 63 65 66 - 

742 
743 

Table ca: reference numbers for the statistical tests presented in Figure a. 744 
745 
746 
747 

c) 

p-values AR N/S AR N/S AR AR N/A BYZ AR BYZ1 BYZ2 AR 

CDM CDM  SANT  NP  CSP  MZ  MZ CO  CO RO  RO  CASP  

AR CDM - 31,97 9,89 4,28 10,58 11,52 0,01 12,49 17,11 43,32 15,38 4,16 

N/S CDM 31,97 - 19,80 10,54 2,44 22,70 0,01 3,27 12,71 3,58 9,86 8,02 

AR SANT 9,89 19,80 - 3,87 11,36 26,05 0,01 0,13 18,02 19,62 0,86 8,85 

N/S NP 4,28 10,54 3,87 - 2,15 3,00 18,61 0,01 15,08 1,37 0,11 18,84 

AR CSP 10,58 2,44 11,36 2,15 - 11,42 0,03 2,52 14,71 13,74 19,55 2,77 

AR MZ 11,52 22,70 26,05 3,00 11,42 - 0,01 0,19 29,21 11,64 1,20 19,77 

N/A MZ 0,01 0,01 0,01 18,61 0,03 0,01 - 0,01 0,14 0,01 0,01 0,09 

BYZ CO 12,49 3,27 0,13 0,01 2,52 0,19 0,01 - 1,12 17,12 28,90 0,03 

AR CO 17,11 12,71 18,02 15,08 14,71 29,2 0,14 1,12 - 6,02 3,84 17,33 

BYZ1 RO 43,42 3,58 19,62 1,37 13,74 11,64 0,01 17,12 6,02 - 6,47 3,31 

BYZ2 RO 15,38 9,86 0,86 0,11 19,55 1,20 0,01 28,90 3,84 6,47 - 0,24 

AR CASP 4,16 8,02 8,85 18,84 2,77 19,77 0,09 0,03 17,33 3,31 0,24 - 

748 
749 

Table dc: complete list of p-values (parametric test: Student’s t-test) from all the comparisons.  750 
751 
752 
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University of Granada, Spain.  874 
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Morales-Muñiz A, Moreno-García A, Izquierdo R, Llorente-Rodriguez L, Morales-Muñiz DC (2011) 953 
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