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Figure 5. Metacarpal fragments from Shubayqa compared to those of wild sheep, bezoar and ibex from the Zoological Museum,
University of Copenhagen.
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Figure6. Eight caprine third phalanges fromShubayqa 1; top line shows ventral outline of typical sheep andgoat third phalanges [42,43],
middle row shows the ventral view of the bones identified to mouflon and lower row shows lateral aspects of the same bones.

difference between the axial and peripheral sides of the condyle. Boessneck [42,43] describes these
characteristics as typical of sheep although identification is not straightforward.

First phalanges can be more problematic to identify but those present in the Shubayqa assemblage
(figure 8a) are typical for sheep based on the shape of the proximal end inversely mirroring the different
morphologies of sheep and goat distal metapodia. Additionally the posterior side of the shaft is often
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Figure 7. Thirteen second phalanges from Shubayqa 1; top row are left lateral or right medial bones and the lower row are right lateral
or left medial bones.
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Figure 8. Selection of other bones from Shubayqa; (a) first phalanx showing axial and posterior aspects, (b–e) astragalus viewed from
the plantar and medial sides and (f ) intermediate carpal showing proximal and distal aspects.

fairly concave in form without pronounced points for ligament attachment on the lateral margins.
At the distal end the best distinguishing criterion is the lack of a pronounced division between the
axial and peripheral sides of the articulation where it extends onto the ventral surface [42,43]. Other
elements morphologically similar to sheep from the Shubayqa assemblage include some complete
astragali (figure 8b–e). Among other characteristics, these bones show the strong ridge on the medial
part of the articulation on the plantar side and a strong lobe when viewed from the medial side. As
high bone fragmentation renders many elements unidentifiable, separation was attempted on carpals as
these small dense bones tended to survive complete. Zeder & Lapham [45] mention that intermediate
and ulnar carpals seem to offer the most reliable means for separating sheep from goat. As a preliminary
test, the criteria described for these elements by Boessneck et al. [42] were applied to modern reference
sheep and goat skeletons at the Zoological Museum, University of Copenhagen. This found that only
intermediate carpals offered consistently reliable criteria since the facet between intermediate and ulnar
carpals was variable. The pronounced angle on intermediate carpal illustrated by Boessneck et al. [42] in
his figures 39(a) and 41(a) clearly separated bones of the sheep and goat (figure 8f ).
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Figure 9. Comparison ofmeasurements taken on caprine second phalanges showing the range of sizes present in different assemblages.

3.3. Metrical comparison to other sites
Another potential method for identifying the caprine remains from Shubayqa is to compare their size to
identified bones from other sites. There are caveats to this approach as it assumes minimal variation in
a species size either temporally or geographically. Within the Shubayqa assemblage the second phalanx
was the only element complete enough to take a significant number of measurements. Figure 9 shows the
distribution of these measurements in relation to the large assemblage of ibex bones from Ujrat El-Mehed
[49], an assemblage from Abu Gosh of bezoar with some ibex also present on the basis of DNA analysis
[50,51], as well as the gazelle from Shubayqa simply to show the size variation between the caprines
and gazelle at the site. There are very few wild sheep bone assemblages to compare measurements on
this specific bone. The range of sizes of the caprine phalanges from Shubayqa is smaller than that of the
ibex from Ujrat El-Mehed. This could be related to a strong degree of sexual dimorphism in ibex with
published indices of sexual dimorphism given as 2.36 for Capra ibex nubiana, 1.59 for Ovis orientalis and
1.30 for Capra aegagrus [52]. This suggests that the bones from Shubayqa are from one of the species with
a lower degree of sexual dimorphism. Of course one could argue that only large male ibex were hunted
but this seems unlikely. The range of sizes of the second phalanges from Abu Gosh is wide; this is difficult
to interpret but may relate to the presence of both bezoar and ibex in the assemblage. Although there is
no sizable assemblage of mouflon second phalanges for comparison, figure 9 is useful to show the range
of sizes compared to assemblages of bezoar and ibex.

Using the log standard index (LSI) method of Uerpmann & Uerpmann [53] allows comparison of
measurements from different elements combined (figure 10) and must be resorted to when there is a
lack of data from a single element. Figure 10 provides an indication that the caprines can be considered
as similar in size to the wild sheep in the region based on finds of wild sheep remains from Wadi
Judayid [23], Mureybet [12,13], Asiab [10,54] and Körtik Tepe [55]. These sites provide samples of wild
sheep across a wide geographical range from southern Jordan, the Euphrates Valley, Zagros foothills
and eastern Anatolia. At sites towards in the southeastern part of this range the sheep are marginally
smaller probably reflecting Bergman’s rule and compares well to the geographical size trajectory noted
for sheep and goats in general [10,56]. Broadly, however, the sizes of the caprines from Shubayqa are
similar to that of wild sheep at other sites. For comparison figure 10 includes domestic sheep from PPNB
Ain Ghazal to illustrate the difference between wild sheep and those that have undergone size reduction
after generations of breeding.

3.4. Summary
Taken together, the evidence presented above leads us to the conclusion that the caprine bones from
Shubayqa are mouflon. This interpretation has been reached on the basis of ecological evidence, metrical
analysis of the shape of various elements but especially the metacarpals, and morphological criteria
which can be more subjective. The narrow range of size of the second phalanges seems to suggest that
only one species is represented and, while there is substantial overlap between the sizes of the three
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Figure 10. Size comparison of wild sheep from sites from southwest Asia across a range of environments. Size calculated as log standard
index after Uerpmann & Uerpmann [53], after Martin & Edwards [28] incorporating data from Bökönyi [54] and Arbuckle & Özkaya
[55]. For Shubayqa grey bars represent identified sheep and open bars are sheep/goat; given that there is no evidence for goat in the
assemblage these probably also derive from sheep. PPNB Ain Ghazal included showing the difference to domestic sheep populations that
have undergone size reduction [28].

candidate species, the sample of bones are not dissimilar to other reported wild sheep in the region. In
summary the zooarchaeological analysis demonstrates the presence of sheep within the securely dated
deposits of Shubayqa 1 during the Natufian. The presence of goat (either bezoar or ibex) cannot be
entirely ruled out as heavy fragmentation has limited the number of bones that can be identified to
species level. However, given that 143 bones have been identified as sheep with none as goat, it seems
probable that only sheep were present. In total 510 bones were classified as sheep/goat. Together caprines
formed 6.3% of the mammal (hare-sized or larger) faunal assemblage and therefore were an important
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Table 2. Number of identified specimens of sheep, goat, sheep/goat and gazelle bones (sh/gt/gaz excluded) from Epipalaeolithic sites
in eastern Jordan.

NISP

site location date gaz sh gt sh/gt

Uwaynid 18 [5] Limestone steppe Late Upper Palaeolithic to initial Epipalaeolithic 431 0 0 1
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Wadi Jilat 6 [58] Limestone steppe Late Upper Palaeolithic to Early Epipalaeolithic 1983 0 0 0
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Kharaneh IV [58] Limestone steppe Early Epipalaeolithic 9885 0 0 0
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ayn Qasiyya [59] Azraq Oasis Early Epipalaeolithic 3737 0 0 3
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Wadi Jilat 22 [5] Limestone steppe Mid to early Late Epipalaeolithic 861 0 0 13
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Khallat Anaza [60] Basalt desert Late Epipalaeolithic 7 0 2? 17
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Azraq 18 [5] Azraq Oasis Late Epipalaeolithic 58 0 0 0
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Shubayqa 1 Basalt desert Early Natufian 2981 26 0 92
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Shubayqa 1 Basalt desert Late Natufian 4128 117 0 418
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Shubayqa 6 Basalt desert PPNA 316 4 0 29
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

constituent of the hunted prey. Despite the limited sample of bones currently studied from Shubayqa 6,
29 bones have been identified as sheep/goat and a further four are sheep indicating the sheep population
continued in the Black Desert during the Younger Dryas or repopulated the area after this climatic event.

4. Wild sheep in the Black Desert
There is an absence of data on the distribution of sheep prior to the Epipalaeolithic in the eastern
desert since very few faunal assemblages have been studied from the Upper Palaeolithic outside of the
Mediterranean zone [56]. Table 2 summarizes data for identified caprines alongside the most common
taxon, gazelle, from Upper Palaeolithic to PPNA sites in eastern Jordan. Caprines have been identified in
very low numbers at some Epipalaeolithic sites in the limestone steppe and close to the Azraq Oasis, but
none of the bones could be identified further to sheep or goat [58,59,61]. A very limited sample of faunal
remains was identified from Khallat Anaza of Late Epipalaeolithic date and sheep/goat bones were
well represented. Identification to species level was difficult and only two bones tentatively assigned to
goat [60]. Khallat Anaza lies by an outcrop of bedrock basalt at a bend in the Wadi Rajil southwest and
upstream of Shubayqa [62]. A series of pools cut into the basalt by the wadi would have provided a water
source well beyond the rainy season. A similar site, Mugharet el-Jawa is located a further 8 km upstream
to the northwest and is located in a similar environmental setting as Khallat Anaza [62]. These sites,
along with similar ones along the route of the Wadi Rajil, would have provided attractive, well-watered
locations for people and animals traversing the basalt desert. The course of the Wadi Rajil curves around
the Jawa basalt flow which redirected the original course of the seasonal waters [63]. At Shubayqa, the
Wadi Salma feeds into the Wadi Rajil which then continues in a meandering southerly direction along
the eastern side of the lava flow, eventually turning towards the Azraq Oasis. Human mobility in the
Late Pleistocene around this semi-arid landscape must have been facilitated by following the courses of
these natural thoroughfares and hunting parties presumably targeted prey attracted to the water.

The relatively high frequency of sheep/goat at Khallat Anaza, given the caveat of small sample size,
hints that caprines were more common further upstream of Shubayqa closer to the Jebel Druze. This is
not surprising given that the environment towards the foothills of the Jebel Druze would have received
higher rainfall. Even today, in a much changed environment, the southern slopes of the Jebel Druze
receive at least 100 mm more rainfall than Shubayqa. Wild sheep would therefore have found favourable
habitats towards the higher ground of the Jebel Druze, and the occasional caprine bones present at
sites in the limestone steppe may have resulted from hunting trips into the basalt desert, or instances
of sheep forays into the steppe during winters. Figure 11 shows the location of sites in the eastern desert,
current rainfall, major wadis and the extent of the basalt boulderlands. Also indicated are other Late
Epipalaeolithic sites identified in the region suggesting a network of locations along the lines of the wadis
which hunter-gatherer groups used as main routes across the landscape. Many of the sites identified are
close to the Syrian border and unfortunately cannot be investigated more intensively at this time, but it
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can be hypothesized that in future these sites may demonstrate sheep to be a more common component
of the local wildlife since they are closer to the Jebel Druze where the environment and vegetation was
lusher. It is likely that Shubayqa was towards the southerly limit of the preferred habitat of wild sheep,
which might explain the difference between their significant presence at Shubayqa 1 compared to their
paucity at other Epipalaeolithic sites across the limestone steppe.

The Late Pleistocene is a period of significant climatic variation with the Younger Dryas notable as a
cooler and drier phase after the Bølling-Allerød interstadial. The sample of sheep bones from the Early
and Late Natufian phases predates the Younger Dryas and the sample from Shubayqa 6 postdates this
climatic period. Across the broad Late Pleistocene to Early Holocene transition the frequency of sheep
remained relatively stable but there is a notable increase in sheep frequency during the Late Natufian.
Analysis of the entire faunal assemblage from Shubayqa 1 [64] suggests that climatic shifts had already
begun influencing the prey availability in the Late Natufian resulting in some hunting activities taking
place further away from Shubayqa and upstream towards the Jebel Druze. This may explain the short-
lived increase in the frequency of sheep as populations increased mobility to seek additional prey before
mobility levels declined in the PPNA. The influence of climatic shifts needs further consideration once
additional data from the PPNA assemblage is collated but it seems that the wild sheep population was
largely resilient and could be hunted in the Black Desert across this period of climatic instability either
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remaining in the environment throughout the Younger Dryas or quickly repopulating the Black Desert
after the climatic downturn came to a close.

5. Conclusion
This paper has documented the presence of mouflon in the Late Pleistocene and Early Holocene of the
Black Desert on the basis of morphological and metrical analysis of the faunal remains from Natufian
deposits at Shubayqa 1 and PPNA deposits at Shubayqa 6. Bone collagen was not preserved well
and ZooMS (Zooarchaeology by Mass Spectrometry) analysis was unsuccessfully attempted to provide
biomolecular confirmation of the morphometric results presented here. Ancient DNA analyses are
unlikely to yield results for the same reasons. We are confident that the presence of mouflon at Shubayqa
is unrelated to later contamination because wild sheep bones are present throughout the stratigraphy,
including the earliest site occupation phases sealed below basalt slabs from the floors of the Natufian
structures. Caprine body-part representation, although heavily skewed towards elements that survive
carcass-processing for marrow and grease, suggests that sheep were hunted in the vicinity of the site.
There is no evidence that sheep carcasses were processed at kill-sites with only major meat-bearing
elements transported to Shubayqa 1; therefore we argue that hunting would have occurred relatively
close-by. Furthermore, the carcasses of mouflon were treated in the same manner as those of other prey
species; the NISP from different elements identified as gazelle or caprine (see electronic supplementary
material) do not differ (χ2 = 1.75 × 10−38).

Although mouflon were present in the Black Desert landscape around Shubayqa, they were clearly
not hunted as often as gazelle and the relative frequency of the two species (92% gazelle compared to
8% sheep) probably reflects their relative abundance in the landscape. The local environment must have
provided a mosaic of resources offering both browsers and grazers sufficient nutrients. Mouflon are non-
territorial and not known to have been migratory, although there are few studies that document the
behaviour of remaining wild sheep populations and those that do are based on small surviving refugia
groups. We can assume that wild sheep would have inhabited the local environment year-round and
formed an important resource for the human population to target for food. Most significantly, however,
the presence of the substantial number of bones identified as mouflon extends the known range of wild
sheep [4,65]. We cannot rely on broad-scale maps showing ancient wild animal distributions as neat
lines. Local ecological settings that could have provided the vegetation and water availability to provide
a habitat for a species need to be considered. We also know that the mouflon still inhabited the local
environment in the PPNA after the Younger Dryas and therefore coped with this climatic event. Wild
sheep offered the Natufian and PPNA populations one of a myriad of resources that could be exploited
during the Late Pleistocene even in this more marginal environment beyond the Mediterranean zone.
Despite the influences of climate on the resources presented to these hunter-foragers, their subsistence
strategies were flexible and could cope by shifting focus, and variation in the extent to which mouflon
were hunted is just one of the ways that this is reflected in the archaeological record.
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