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Abstract

The animal species depicted in the rock art of Shuwaymis, Saudi Arabia, provide a record of Holocene climatic changes, as seen by the engravers. Of
1903 animal engravings, 1514 contained sufficient detail to allow identification with confidence. In addition, the stratigraphy of the engravings and the
depiction of domesticates provide a broad chronological framework that allows a division into images created during the Holocene humid phase and
animals represented after the onset of desert conditions. Despite the large sample size, only 16 animal species could be identified, which represents an
extraordinarily narrow species spectrum. Comparison with the scarce faunal record of the Arabian Peninsula shows that all larger animals that are thought
to have been present in the area were also depicted in the rock art. The contemporaneous presence of at least four large carnivores during the Holocene
humid phase suggests that prey animals were abundant, and that the landscape consisted of a mosaic of habitats, potentially with thicker vegetation along
the water courses of the wadis and more open vegetation in the landscape around them. Community Earth System Models (COSMOS) climate simulations
show that Shuwaymis was at the northern edge of the African Summer Monsoon rainfall regime. It is therefore possible that Shuwaymis was ecologically
connected with southwestern Arabia, and that an arid barrier remained in place to the north, restricting the dispersal of Levantine species into Arabia.
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Introduction

Animal depictions feature prominently in rock art around the
world and offer a unique perspective on the cultural traditions and
ecological settings of past societies. Animals convey important
information about prehistoric environments because they have
particular habitat requirements that vary between species. Where
multiple depictions of different animal species can be identified
within a single rock art phase, a complex picture of the environ-
ment of the engravers can emerge. Particularly in areas where the
environment has undergone a climatic shift, such as the mid-
Holocene of northern Arabia, animal imagery can be an indicator
of associated habitat changes. Depictions of savannah or desert
animals have been linked to past environments since the begin-
ning of rock art research in the 19th century (see, for example,
Barth, 1857; Horsfield et al., 1933; Muzzolini, 1992; Rollefson
et al., 2008). However, while the image repertoire is driven by the
engravers’ experiences of their environment, it is important to
acknowledge that it can only be seen through the cultural filter of
the engravers’ choice to depict specific animals (Guagnin, 2014).

During the early Holocene humid phase, the landscapes of
Arabia comprised a dramatically ameliorated environment, fea-
turing lakes, wetlands and the expansion of vegetation. In the
northwest of the Arabian Peninsula, Holocene lake sediments
have been reported from the oasis towns of Tayma and Jubbabh,

indicating that lake formation occurred as early as 10,000 BC
(Crassard et al., 2013; Engel et al., 2012; Hilbert et al., 2014; see
also Dinies et al., 2015). This is in contrast to the Nefud desert
where no Holocene lake deposits have so far been identified
(Rosenberg et al., 2013). By the beginning of the fourth millen-
nium BC, palacoenvironmental records indicate a widespread
increase in aridity across much of Arabia (e.g. Magee, 2014: 85;
Parker et al., 2006; Preston et al., 2012).

While the Holocene archaeology of the area remains poorly
known, abundant rock art and large numbers of cairns and other
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The Holocene

structures indicate extensive prehistoric occupations. From locali-
ties such as Jubbah sparse Epipalaeolithic, Neolithic and possibly
Chalcolithic stone tool assemblages have been identified
(Crassard et al., 2013; Garrard et al., 1981; Hilbert et al., 2014;
Parr et al., 1978). However, no faunal remains of this date have
been retrieved or analysed in the region. Our understanding of the
environmental prehistory is, therefore, predominantly based on
early Holocene lake sediments from the Tayma and Jubbah oases,
along with the extrapolation of wider Levantine and Arabian cli-
matic patterns. The nature of environments outside the oases, the
types of animal species they supported and whether humans occu-
pied them remain largely unknown.

The range of fauna represented in the rock art of Shuwaymis,
northwestern Saudi Arabia, provides compelling evidence that
humans and animals once thrived in landscapes that are extremely
arid today. Analyses of the stratigraphic relationship between
hunter and herder imagery indicate that local hunters adopted
cattle herding (Guagnin et al., 2015). Using the transition to cattle
herding in the seventh millennium BC and the introduction of
domestic camel and horses in the first and late second millennium
BC as chronological markers (see, for example, Drechsler, 2007,
2009; Grigson, 2012; Magee, 2014; Uerpmann and Uerpmann,
2012), the rock art can be divided into engravings relating to
humid and arid environments. This allows an analysis of the spe-
cies spectrum across the Holocene climatic sequence and also
opens up wider questions: Does the species range observed in the
rock art fit with current hypotheses on environmental change in
the Arabian Peninsula during the Holocene? Can the animal
engravings give us an indication of local habitats and vegetation
in the absence of faunal remains?

In addition to evidence from the rock art, we use climate data
simulated by the Community Earth System Models (COSMOS)
to explore the intensity and timing of rainfall regimes in the area.
This combined approach will not only increase our understanding
of local environmental and habitat changes during the Holocene
but also aims to identify whether the environments identifiable at
Shuwaymis were linked to Levantine or southern Arabian climate
regimes, and ultimately provide information of the movement and
connectivity of human and animal populations.

Background
Archaeology

The prehistoric archaeological record of Arabia, and how it cor-
relates with environmental and ecological changes, remains
poorly understood, but has become a focus of increased research
in recent years (e.g. Crassard and Drechsler, 2013; Groucutt and
Petraglia, 2012; Petraglia et al., 2015; Petraglia and Rose, 2009).
In the case of the Holocene, processes of demographic and behav-
ioural change — such as ‘Neolithisation’ — are the subject of ongo-
ing debate. Unlike the Neolithic in the Levant, the transition from
hunting and gathering to food producing economies in Arabia
centred on mobile herding rather than sedentism or crop cultiva-
tion (Magee, 2014; McCorriston and Martin, 2009). The few fau-
nal remains that have been radiocarbon dated come from sites
along the eastern and southern fringes of the peninsula and sug-
gest that domestic cattle, sheep and goat were introduced as a
package between 6800 and 6200 BC (Drechsler, 2007, 2009).
Because their domestication in the Levant predates their earliest
known occurrence on the Arabian Peninsula, they are assumed to
have originated in the Levant. As a consequence, Levantine
herder populations are thought to have entered the region during
the peak of the Holocene humid period when grassland and veg-
etation expanded across the Arabian Peninsula and provided new
pastures (Drechsler, 2007). However, there are no unambiguous
traces of incoming populations in the lithic evidence (Crassard
and Drechsler, 2013; Drechsler, 2007). The recent discovery of

el-Khiam and Helwan points similar to those from the Pre-Pottery
Neolithic (PPN) at Jebel Qattar 101, at the Jubbah oasis, may pro-
vide some evidence of population movements or interactions.
However, whether they are the result of Levantine populations
coming to the Nefud desert or of local groups adopting Levantine
lithic technologies is currently unclear (Crassard and Drechsler,
2013; see also Charpentier and Crassard, 2013; Crassard et al.,
2013). In southern Arabia, early—mid-Holocene lithic technology
appears to be characterised by indigenous developments (Crassard
and Drechsler, 2013) and herding may have been adopted as a
pioneering strategy among indigenous hunters and later devel-
oped locally into specialised pastoralism (McCorriston and Mar-
tin, 2009).

At the beginning of the fourth millennium BC, Arabia
became increasingly arid. Archacological contexts in southeast-
ern Arabia provide a powerful narrative of the environmental
pressures past societies had to negotiate. Around 3900 BC, the
onset of arid conditions is thought to have caused a widespread
abandonment of sites throughout southeastern Arabia. Mobile
herders retreated to the Omani coast, and for about 600 years,
their subsistence focussed on marine resources and domestic
animals. With the onset of the Bronze Age around 3100 BC,
southeast Arabia was re-settled in an expansion of oasis agricul-
ture that was likely based on the development of early irrigation
systems (Preston et al., 2012; see also Magee, 2014). How this
period of climatic deterioration affected human populations in
the central and northwestern areas of the Arabian Peninsula dur-
ing the fourth millennium BC remains unknown. Similar to
southern Arabia, the Bronze Age in the northwest was character-
ised by an intensification of irrigation-based agriculture. In the
oasis of Tayma, a substantial settlement was established (Eich-
mann et al., 2006; Hausleiter, 2010). In addition to settlements,
the distribution of rock art, and stone structures such as desert
kites and cairns also provide evidence for nomadic lifestyles and
an intensified use of the landscape that may have been based on
hunting (Magee, 2014; see also Newton and Zarins, 2000). Dur-
ing the Iron Age, inter-regional contact and trade intensified,
probably at least partly as a result of camel domestication, and
the settlements in the oases of northern Arabia grew substan-
tially (see, for example, Magee, 2014). From the early first mil-
lennium BC, a large number of literate cultures became
established in western Arabia and left their traces in countless
inscriptions engraved onto rock surfaces. Remarkably, literacy
was not limited to settled areas but was also widespread among
nomadic peoples. In the north, these scripts fell out of use
around the third century AD and were replaced by Nabatean
Aramaic and later Arabic script (Macdonald, 2010).

Environment

The palacoenvironmental history of the Arabian Peninsula during
the early—mid-Holocene period is complex, with apparent spatial
and temporal variability in the timing of climatic changes. Palaeo-
climatic evidence for increased humidity is derived from numer-
ous archives, including lacustrine and palustrine deposits,
speleothems, fluvial/alluvial deposits and palaeosols, all of which
may have responded differently to increased rainfall. In northwest-
ern regions, the palaeoclimatic record for the early-—mid-Holocene
is unclear and rather ambiguous. At the town of Tayma, the onset
of humidity and lake formation is reported from ca. 8000 BC, with
lake contraction occurring by ca. 6500 BC (Engel et al., 2012).
However, pollen from lake sediments indicate that a shallow lake
formed around 7200 BC and high lake levels were only achieved
between 6700 and 6000 BC (Dinies et al., 2015). Around 250km
to the west in the town of Jubbah, the onset of humidity is recorded
notably earlier. Hilbert et al. (2014) report a phase of lake forma-
tion from as early as ca. 10,000 BC, which was followed by a
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period of contraction at ca. 8000 BC that coincided with human
occupation of the basin. A further phase of shallow lake develop-
ment is recorded at ca. 4600 BC. Additionally, Crassard et al.
(2013) report the formation of a shallow lake at Jubbah at ca. 6700
BC. Pollen records from lake sediments at Tayma provide evi-
dence for vegetation changes and indicate that grasslands spread
after 7000 BC and reached their maximum expansion between
around 6600 and 6000 BC. These would have created favourable
grazing conditions for animal herds. At 6000 BC, pollen records
indicate an abrupt retreat of grasslands and a replacement of veg-
etation with more drought-resistant shrublands, which were simi-
lar to current landscapes (Dinies et al., 2015).

The widespread climatic amelioration during the Holocene
is also recorded in speleothem growth in Oman and Yemen
which is attributed to a northward migration and intensification
of the Indian Ocean Summer Monsoon (IOSM) at ca. 8300 BC
(Burns et al., 2001; Fleitmann et al., 2003, 2007, 2009). How-
ever, in southern and western reaches of the peninsula, rainfall
was predominantly brought by the African Summer Monsoon
(Jennings et al., 2015; Parton et al., 2015; Rosenberg et al.,
2013). By ca. 5000 BC, a climatic downturn is also indicated by
records in the south of the Arabian Peninsula (e.g. Lézine et al.,
2007).

Ostensibly, environmental proxies have predominantly com-
prised lacustrine archives, but as recent studies have shown (Par-
ton et al., 2015), in order to fully understand the range of temporal
and spatial climatic variability in Arabia throughout prehistory,
we must look beyond simplistic wet/dry indicators. Moreover, we
must build up an understanding of how human and animal popu-
lations navigated these climatic changes. In this respect, rock art
in arid regions such as Arabia is key; it provides our only visual
representation of those past environments and allows us to make
inferences of animal populations that must have been present in
the area.

Landscape

The engravings of Shuwaymis are found along the escarpments
that flank the east and west of a wadi course that stretches north-
ward from the edge of the ancient lava fields of the Harrat Khay-
bar (Figure 1). The Shuwaymis rock art complex was brought to
the attention of the Saudi Commission for Tourism and National
Heritage (SCTH) in 2001 and is thought to contain some of the
oldest engravings on the Arabian Peninsula. Preliminary field sur-
veys quickly established the significance of the site (Al-Saud and
Khan, 2005; Bednarik and Khan, 2002), and it was granted
UNESCO world heritage status in 2015. Shuwaymis East, a key
component of the site, was thoroughly mapped by the authors in
2013, at the request of SCTH. Using high-resolution differential
GPS survey equipment, 273 rock art panels were recorded over a
length of 800m along a sandstone escarpment (Jennings et al.,
2014). Of the 273 panels, 254 were found to contain representa-
tions of animals.

Methods

In total, 1903 individual animal depictions were identified on the
panels recorded in Shuwaymis East. In order to address the diffi-
culty arising from the identification of the images that are occa-
sionally stylised and often reduced to stick animals, the certainty
of each taxonomic determination was rated. A score between 1
and 5 was assigned to all animal identifications, where 1 indicates
an uncertain identification and 5 very high confidence (Guagnin,
2014). However, species that appear identical in their outline,
such as different types of gazelles (Gazella sp.) or foxes (Vulpes
sp.), were grouped into genera. Onager (Equus hemionus) and
African wild ass (Equus africanus) are also difficult to distinguish

Figure |. Map showing the landscape of Shuwaymis (the surveyed
area is indicated with a rectangle). Dark grey:Ancient lava fields of
the Harrat Khaybar. Lighter shading: Rocky outcrops north of the
Harrat Khaybar and west of the Harrat Ithnayn. Dashed:Vegetation
still present in wadi courses today. The rest of the area, including
the floor of the wadi along which the engravings of Shuwaymis are
found, is covered in sand.

in their outline and were grouped together. In 10 of the 31 identi-
fications, the larger head and ears suggested a depiction of Afri-
can wild ass rather than onager. There is still some doubt whether
the range of African wild ass extended into Western Asia (Kimura
etal., 2013). While the rock art, alongside other lines of evidence,
would suggest that African wild ass was present in Arabia (Fedele,
2008; Grinder et al., 2006; Olsen and Bryant, 2013; Uerpmann,
1987), the engraved outline of two such similar animal species
cannot provide conclusive evidence. In total, 1514 of the depic-
tions contained sufficient detail to allow an identification of the
animal species with high or very high confidence. This constitutes
80% of all recorded animal engravings and represents an extraor-
dinary high frequency of confident identifications. In a similar
sample in the Sahara, an identification of 48% was achieved
(Guagnin, 2014). This high degree of positive identification is
largely a result of the naturalism of many of the depictions and a
focus on characteristic features in all depicted species. For exam-
ple, 210 male ibex (Capra (ibex) nubiana) with very large back-
ward curving horns were identified with confidence in Shuwaymis
East. In contrast, only four depictions show similar bovids with
shorter horns, which may represent females. While there is a clear
cultural bias towards the depiction of specific species and their
characteristics, the high frequency of species identifications and
large number of engravings make the rock art recorded at Shu-
waymis East a robust sample for ecological analyses.

The representation of animals in the rock art is not a direct
indication of environmental conditions, but is heavily influ-
enced by the engravers’ cultural background, artistic choice and
individual experience (Guagnin, 2014). The high degree of real-
ism in the animal engravings of Shuwaymis and the absence of
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Figure 2. Tentative chronological distribution of all 1903 animal engravings (identifiable species in brackets). In 29 engravings (9), erosion was
too advanced to identify stratigraphy or age. Dark shading indicates high frequency of engravings. Dashed line indicates the approximate timing
of the onset of arid conditions. Arrows indicate the introduction and presence of domestic animals and script.

anatomical errors suggest that the engravers were highly famil-
iar with the depicted species and had direct knowledge of them.
Transhumance patterns of herders in similar environments in
North Africa have been shown to extend over distances of ca.
200km, with routes following a length of close to 500km
(Smith, 2005: 6). The sighting of animals is therefore likely to
have been limited to a localised area. Similar studies in the
Sahara have shown that rock art tends to reflect animals that are
present in the vicinity of the engraving (Guagnin, 2014).

The main discrepancy between environmental and cultural
records lies in the frequency with which each animal species is
depicted. Comparison between rock art and faunal remains in the
Negev and in the Badia of eastern Jordan have shown that
although the rock art is characterised by a dominance of ibex and
very few depictions of gazelles, osteological evidence indicates
that gazelle was the most hunted animal (Eisenberg-Degen and
Rosen, 2013; Rollefson et al., 2008). Analyses of rock art in the
central Sahara have shown that while smaller animals such as rep-
tiles, birds and rodents are scarce in the rock art, representation of
animals with a body weight of over 10kg captures the complete
spectrum of species identified in the faunal record. However, the
majority of engravings depict animals that were of symbolic, cul-
tural or economic importance (Guagnin, 2014). As a consequence,
environmental interpretation of animal engravings has to be based
on large sample sizes, and the presence of animals, rather than
their frequency.

Three steps were followed in our ecological analysis of rock
art at Shuwaymis. In the first, the species spectrum and frequency
of securely identified animal engravings were analysed over time.
Chronometric dating of rock art is difficult and as yet no direct
dating methods exist that can be applied to a large body of engrav-
ings. The engravings of Shuwaymis have therefore been grouped
into a relative chronology that hinges on the transition from hunt-
ing to herding at one end and on the introduction of domestic
camel and horse at the other. Using the stratigraphy and relative
degree of weathering of the engravings of each panel, a group of
early (hunter/herder) rock art and a group of late (camel/horse)
rock art were identified (Figure 2). However, patina formation
and weathering are not uniform at Shuwaymis (Guagnin et al.,
2015) and not all panels have a stratigraphic sequence of engrav-
ings. Engravings that could not be attributed to either phase with
certainty were classed into a middle category. As a result, this
middle category contains some engravings that belong to the end
of the early phase and some that belong to the beginning of the

late phase. The long time span assigned to the middle category,
and the relatively low number of engravings that are not associ-
ated with the early or late period, indicates that the rock art was
largely created around introduction of domesticates: cattle and
camel/horse.

This broadly matches the chronology proposed by Khan
(2007) who dated the creation of the rock art of Shuwaymis to the
early Neolithic, followed by a hiatus and the resumption of
engraving activity with depictions of camel, which he attributes to
the Bronze Age. Although the length of time between the two
periods at Shuwaymis is uncertain, both phases are separated by
an extensive rock fall episode after which the fallen and inverted
panels of the early phase were often re-engraved in the later phase
(Jennings et al., 2014). This rock fall may have been caused by
tectonic activity (Bednarik and Khan, 2002) or increasing daily
temperature contrasts associated with the onset of desert condi-
tions (Cremaschi, 1998: 28).

The primary aim of this broad chronological framework was
to enable an analysis of the species spectrum across different
phases of rock art creation that correlate with climatic periods.
While the early rock art was created during the Holocene humid
period, the late phase post dates the onset of severe aridification
and relates to a time of absolute desertification.

In the second step, the animal repertoire identified in the
rock art is compared with the Holocene faunal record of the Ara-
bian Peninsula and the wider region of Western Asia. Although
prehistoric faunal remains are still unknown in the region around
Shuwaymis and remain scarce in the rest of the Arabian Penin-
sula, this comparison enables us to estimate the extent to which
the engraved faunal record matches the animals present in the
Holocene environment. Using biomass estimates for the prey
species of carnivores we can then gain an understanding of the
size of the animal populations in the Holocene landscapes of
Shuwaymis. Moreover, this comparison highlights any species
that are absent in the pictorial record but would have been
expected in the types of habitats projected for the area around
Shuwaymis.

In the third and final step, we study data derived with a cli-
mate model in order to understand the types of rainfall regime
that evolved in the Holocene around 6000 BC, and to explore
possibilities of ecological connectivity between Shuwaymis and
the wider region. The climate model toolbox selected for the
study is the COSMOS that are based on a coupled atmosphere-
ocean general circulation model as described by Stepanek and
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Table I. Parameters of simulations of pre-industrial (Pl) and mid-Holocene (6000 BC, HOLS6) climate, including the specification of the total
integration time of the simulation (sim., model years) and the averaging period (avg., model years).
Time reference Orbital forcing Trace gases Time period
ecc obl (°) lonp (°) CO, (ppmv) CH, (ppbv) N,O (ppbv) sim. avg.
Pl AD 1850 0.0167 23.45 282.2 280 760 270 3000 50
HOL6 6000 BC 0.0191 24.209 148.6 278 650 270 500 50

Abbreviations of orbital forcing parameters stand for ecc — eccentricity of the Earth’s Orbit around the sun; obl — Earth’s axial tilt (angle between rota-
tional axis and orbital axis); lonp — length of the perihelion with respect to the vernal equinox.
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Figure 3. Graph listing the total number of confident identifications for each species or genus; occurrence across early, middle and late
engraving periods is indicated by the grouped light, medium and dark shaded columns within the total. Dashed lines indicate changes between
animals predominantly present in early, middle and late engraving periods. Numbers for camels were capped at 350 to retain the visibility of

species with few identifications.

Lohmann (2012). The climatic data modelled with COSMOS are
taken from a simulation that is similar to simulation HOL-x 0.5
of the supplementary material of Pfeiffer and Lohmann (2015),
but considers in contrast a Greenland Ice Sheet of present-day
extent and height and orbital forcing that is corresponding to
6000 BC; the latter has been derived based on the solution of
orbital parameters by Berger (1978). Of the various simulated
climate characteristics, only the climate variable total precipita-
tion, defined as the sum of large-scale and convective precipita-
tion, is analysed in this study. The climatic data are derived in the
form of time series of global coverage at the end of time slice
equilibrium simulations. This means that internal variability as
modelled in the coupled atmosphere-ocean-land climate system
is explicitly included in the time series data, but no external vari-
ability (e.g. varying concentrations of astronomical parameters
or infrared-active trace gases) imprints on the climate state. Each
analysed time series covers a time period of 50 model years,
which are comparable with real calendar years. Average monthly
and yearly precipitation values were generated over this time
period of 50 model years from two simulations: One climate
simulation (HOL6) is representative for the period of 6000 BC,
which coincides with the later part of the Holocene humid phase.
A second climate simulation (pre-industrial (PI), refer to Pfeiffer
and Lohmann (2015) for details) is representative for the pre-
industrial period, which serves as a good analogy for an aridifica-
tion phase, as the climate of Arabia today is broadly similar to the
climate that followed the Holocene humid phase in the fourth
millennium BC. Details of parameters and configuration of the
climate simulations are summarised in Table 1.

Results
Species spectrum

Despite the large sample size and high rate of confident animal
identifications, only 16 animal species could be identified in the
rock art of Shuwaymis (Figure 3). This pattern is partly the result
of a culturally driven omission of smaller animals with a body
weight below ca. 10-15kg in the depictions. However, compared
with similar bodies of rock art in North Africa, this represents an
extraordinarily narrow species spectrum (Guagnin, 2014; see also
Le Quellec, 1998; Vernet, 1995). The rock art is dominated by a
small number of frequently depicted animals (746 camels, 210
ibex, 202 dogs, 120 ostriches and 104 cattle). Ibex are depicted
throughout all phases of rock art creation at Shuwaymis and may
have been a symbol of religious activity; for the pre-Islamic peri-
ods, ritual ibex hunts are attested in South Arabian inscriptions
(Maragqten, 2015; Serjeant, 1976: 84). Engravings of ostrich are
also very common and are often depicted in association with
domestic camels (out of 49 panels containing ostrich depictions,
44 showed an association with domestic camels). With the excep-
tion of ibex and ostrich, all frequently depicted species are domes-
ticates and as such clearly had considerable economic value.
Against the background of the Holocene humid phase, it is sur-
prising that all identified wild animals are adapted to arid or even
desert conditions and were widespread in Arabia until at least the
19th century (Cooper et al., 2009; Harrison and Bates, 1991; ITUCN,
2015). Moreover, all depicted domesticates can be raised in reason-
ably arid conditions. Horse and donkey have been used for travel
and transport across deserts since their domestication (Forster,
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2007; Macdonald, 2012; Mattingly, 2006) and camels were prob-
ably domesticated because of their adaptation to desert conditions
(see, for example, Magee, 2014). The only individual species pro-
viding an indication of a wetter environment comes from the pres-
ence of cattle herding, which is not practised under current
climatic conditions. Cattle need to be watered every second day
and also require sufficient pasture. However, traditional cattle
pastoralism, by definition, is confined to areas with less than
400mm of annual rainfall to avoid competition with agriculture
(Otte and Chilonda, 2002).

Figure 3 also shows the frequency with which each animal
species is depicted across the three identified rock art periods.
Although the middle period predominantly contains engravings
without stratigraphic context (see above), a distinct change is vis-
ible in the species depicted during the early and late periods. The
carly engraving period contains a wide range of wild animals
(onager/African wild ass, cheetah, leopard, hyena, Arabian wolf,
gazelle, lion and ibex) as well as domestic hunting dogs and cat-
tle. With the exception of lion, ibex and oryx, which are present
throughout the creation of rock art in Shuwaymis, the depiction of
wild animals ceases in the later phase and the rock art becomes
dominated by depictions of desert-adapted domesticates (camel,
horse and donkey) and ostrich. Depictions of cattle are completely
absent in the later engraving period, which indicates that the shift
to aridity may have made cattle herding impossible in this region.
While the individual species identified at Shuwaymis do not pro-
vide an indication for wetter climate, the species spectrum cap-
tured in the early and late engraving periods reflects a distinct
change in the landscape around Shuwaymis that is consistent with
the known changes of the Holocene climatic sequence.

Carnivores contribute the largest range of species to the rock
art of Shuwaymis. Depictions appear to be contemporaneous dur-
ing the Holocene wet phase, which suggests that the landscape
around Shuwaymis provided suitable habitats and prey. Arabian
wolf (Canis lupus arabs) and fox are both desert-adapted and can
subsist on very small prey, such as rodents, birds and lizards (Gas-
peretti et al., 1985; Kingdon, 1997). While large predators such as
lion (Panthera leo), leopard (Panthera pardus), cheetah (Aci-
nonyx jubatus) and striped hyena (Hyaena hyaena) are also adapt-
able to arid environments, they require a substantial prey biomass
(Carbone and Gittleman, 2002). Lions are adapted to a wide range
of habitats and vegetation types with the exception of dense for-
ests and deserts (Kingdon, 1997). Leopards prefer habitats where
vegetation provides cover for stalking and protection from other
predators. Leopards also tend to cache kills in trees to protect
themselves from kleptoparasitism by competitors and scavengers
(Estes, 1991; Hayward et al., 2006a, 2007; Kingdon, 1997).
Cheetahs generally prefer the patchy cover of more open vegeta-
tion (Hayward et al., 2007; Kingdon, 1997). Hyenas also occupy
a wide range of habitats and, although primarily scavengers, they
also hunt and consume substantial biomass (Watts and Holekamp,
2007). While large mammalian predators adapt hunting behav-
iours and prey preferences in the face of competition from other
large predators (Hayward et al., 2007), the presence of all four
predators in the area around Shuwaymis does suggest that rela-
tively small, medium and large prey animals were abundant and
that the landscape consisted of a mosaic of habitats, potentially
with thicker vegetations along the water courses of the wadis and
more open vegetation in the landscape around them (Figure 4).
Different sized prey animals are also evident in the rock art, where
they range from onager and wild ass to smaller species such as
ibex and gazelle. With apex predators (e.g. lion), mesopredators
(e.g. fox) and herbivores depicted in the rock art, we can assume
a functional community assemblage that would also have con-
tained mammals with a body weight of less than 15kg, such as
hyrax or hare, that are likely to have been present in the area but
the engravers chose not to depict them.

hyaena . lion
o " cheetah " wolf © % leopard
] e SN ST LT
oyt F.ﬁ._ ‘VL M
L
aryx ibex gazelle ‘onager/wildass  cattle

rocky/sandy desert short grass plains/steppe open woodland dense woodland

Figure 4. Habitat and prey preferences (based on mass) for a
hypothetical Shuwaymis community for the early period of rock art.
Preferred prey in black lines and prey taken relative to abundance in
grey lines. Cattle are indicated in grey as domestic herds would have
been protected by humans.

The range of styles, engraving techniques and weathering pat-
terns visible on the carnivore engravings suggests that they were
created over a longer period of time. This long-term persistence of
large carnivores over the early period of the rock art, and in the
case of lions, into the late period, suggests stable populations of
species over these periods. The minimum viable population (the
minimum population size required for a species to probabilisti-
cally persist over a given length of time) estimated for lions to
persist for 40 generations (approximately 280 years — based on a
generation time of 6.98years (IUCN, 2015)) is 5792 sexually
mature adults (Reed et al., 2003). This indicates landscapes suit-
able for lions were available outside Shuwaymis and that they
were connected via corridors to allow immigration and emigra-
tion of individuals within the metapopulation.

Comparison with faunal record

The animals identified in the rock art of Shuwaymis and the species
believed to have been present in the area during the Holocene are
broadly comparable. It appears that all larger animals present in the
area were chosen for depiction (Table 2). The comparison with the
faunal record therefore suggests that the narrow species spectrum
was not a cultural choice but a reflection of the local fauna.

The close correlation between the species spectrum in the rock
art and in the faunal remains also allows a reconstruction of pred-
ator and prey patterns in the prehistoric landscapes around Shu-
waymis. Predation is linked to the age structure of prey so that
adults are targeted up to a point relative to their mass, and juve-
niles are targeted when energetically efficient. Here, we estimate
resource abundance based on adult prey mass (Figure 5).

Lions prefer prey with a body mass between 92 and 632kg,
while prey with a weight of 32-92kg is taken relative to abun-
dance (Clements et al., 2014; see also Hayward et al., 2007; Hay-
ward and Kerley, 2005; Kingdon, 1997). Leopards are solitary
predators and mostly prey on smaller animals with 15-45kg pre-
ferred body mass, animals with less than 15 kg are taken relative
to abundance. (Clements et al., 2014; Hayward et al., 2006a,
2007). Cheetahs prey on small to medium ungulates with 14—
40kg preferred body mass and up to 135 kg taken relative to abun-
dance (Clements et al., 2014; see also Hayward et al., 2007).
Although hyenas are primarily scavengers, they also hunt; their
preferred prey has a body mass of 91-139kg, and animals down
to 15kg are taken relative to abundance (estimates for the spotted
hyena (Crocuta crocuta), which has a similar diet to the striped
hyena (Watts and Holekamp, 2007)).

In terms of potential wild prey animals for large felids, of the
depicted ungulates, only onager/wild ass falls in the weight range
of the lion’s preferred prey (see Hayward et al., 2007; Hayward
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Table 2. Comparison between species identified in the rock art and faunal record of the Arabian Peninsula and the Levant. a: Barnett et al.,
2014; b: Cooper et al.,, 2009; c: Curci et al.,, 2014; d: Drechsler, 2007; e: Fedele, 2008; f: Gasperetti et al., | 985; g: Grinder et al., 2006; h: Harrison
and Bates, 1991;i: Kimura et al., 2013; j: Magee, 2014; k: McCorriston and Martin, 2009; I: Olsen and Bryant, 2013; m: Robinson and Matthee,
1999; n: Uerpmann, 1987; o: Uerpmann and Uerpmann, 2012; p:Winney et al., 2004; q: [IUCN, 2015; r: Evidence scarce but presence generally
assumed, although Kimura et al. (2013) doubt presence of Equus africanus in Western Asia; s: species not yet described. *Animal outside weight
range of animals usually chosen for depiction but representation of species not distinguishable from larger species within the Genus.

Shuwaymis rock art Present around Elsewhere on the Arabian Fertile Crescent
Shuwaymis Peninsula
Equidae
Onager (Equus hemionus) X Xa Xedq Xnrq
Wild ass (Equus africanus) X Xighnr X2 eghnr Levant?ghnr
Wild horse (Equus ferus) Xn
Domestic donkey (Equus africanus asinus) X X X X
Domestic horse (E-quus ferus caballus) X X X X
Artiodactyla
Wild camel (Camelus 7°%) ? ? UAE and Omann°s Yemen® ?
Domestic camel (Camelus dromedarius) X (late) X X X
Bovidae
Bovinae
Aurochs (Bos primigenius) UAE and Yemenek Xn
Domestic cattle (Bos taurus) X ? East and southde X
Caprinae
Ibex (Capra ibex nubiana) X xh xh Xh
Wild goat (Capra aegagrus) UAE" Xn
Wild sheep (Ovis ammon) UAE/Oman?’h Xn
Arabian Thar (Arabitragus jayakari) UAE/Omanhn
Domestic goat (Capra aegagrus hircus) ! East and south? X
Domestic sheep (Ovis aries) ? East and south? X
Hippotraginae
Arabian oryx (Oryx leucoryx) X xh Xhin Xhn
Cervidae
Mesopotamican fallow deer (Dama mesopotamica) Xhin
Roe deer (Capreolus capreolus) Xhn
Red deer (Cervus elaphus) Xn
Antilopinae
Mountain gazelle (Gazella gazella) X (sp) xh Xhn Levanthn
Queen of Sheba’s gazelle (Gazella bilkis) X (sp) Yemenh
Goitered gazelle (Gazella subgutturosa) X (sp) xh Xhn Xhin
Dorcas gazelle (Gazella dorcas) X (sp) xh xh Xhn
Hartebeest (Alcelaphus buselaphus) Levant™
Carnivora
Felidae
Cheetah (Acinonyx jubatus) X Xeh Xeh Xeh
Lion (Panthera leo) X X2 X2 Xa
Leopard (Panthera pardus) X Xeh Xeh xh
Hyaenidae
Striped hyena (Hyaena hyaena) X Xeh Xeh Xh
Canidae
Golden jackal (Canis aureus) ? Xe Xeh Xeh
Arabian wolf (Canis lupus arabs) X Xeh Xeh xh
Domestic dog (Canis lupus familiaris) X ? X X
Blanford’s fox (Vulpes cana)* X (sp) Isolated east and south® Xh
Rueppell’s fox (Vulpes rueppelli)* X (sp) Xeh Xeh Xh
Red fox (Vulpes vulpes) X (sp) Xeh Xeh Xh
Ursidae
Brown bear (Ursus arctos) xh
Primates
Hamadryas baboon (Papio hamadryas) SouthwestP
Suidae
Wild boar (Sus scrofa) Xhn
Hippopotamidae
Hippopotamus (Hippopotamus amphibus) Levant"
Birds
Ostrich (Struthio camelus) X Xb.m North and south®™ Xb.m
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Figure 5. Carnivore preferred prey mass (black bars) and
predation relative to abundance mass (grey bars), and herbivore
mean mass (open circles).

and Kerley, 2005). While lions also commonly take smaller prey
such as gazelle and ostrich, studies of lion prey preferences show
that these species are killed less frequently than would be expected
based on their availability (Hayward and Kerley, 2005). The con-
tinued depiction of lion in the rock art suggests that they were
present in the area during most of the Holocene. A pride of lions
is usually sedentary and typically consists of about 13 individuals
(Estes, 1991; Kingdon, 1997). Based on carnivore density and
prey biomass estimates of 3.4 lions per 10,000 kg of prey biomass
(Carbone and Gittleman, 2002; see also Hatton et al., 2015), a
typical pride of lions would have required over 38,000kg of prey
or approximately 166 onager/139 wild ass in the area. Cattle also
fall in the range of lion’s preferred prey and predation of livestock
may well have been a source of human—carnivore conflict.

Leopards have a very broad diet but generally prefer prey with
a body mass below their own. They also tend to kill animals that
live in dense vegetation where they can be more easily stalked. In
addition, leopards often kill smaller competitors such as cheetah
(Hayward et al., 2006a) or dogs (Estes, 1991). Based on the spe-
cies spectrum identified in the rock art, gazelles, smaller ibex, as
well as cheetah or domestic dog fall in the preferred weight range
of leopard prey. In particular, mountain gazelles, which prefer
open habitat with light forest (Wildscreen Arkive, 2015), may
have been a suitable prey species for leopards in the area. Based
on a carnivore density of 6.17 per 10,000kg of prey (Carbone and
Gittleman, 2002), a single leopard would have required a biomass
equivalent to 72 mountain gazelles or 56 goitered gazelles. The
habitat requirements of Dorcas gazelles do not overlap with the
leopard (Kingdon, 1997), and they are less likely to have been
among their preferred prey.

Cheetah usually occur solitary or in small coalitions. They
particularly prey on species that inhabit open grasslands and
select for abundance rather than body mass alone (Hayward et al.,
2006b). Gazelles as well as ibex fall within their preferred prey
weight range, although studies of cheetah prey show a clear pref-
erence for gazelles (Hayward et al., 2006b). In addition, cheetah
could have preyed on young animals such as the fawns of oryx,
onager or wild ass. Based on Carbone and Gittleman’s estimates,
a single cheetah requires a prey biomass of about 4367 kg (Car-
bone and Gittleman, 2002). That is the equivalent of 93 ibex or
151 goitered gazelles. However, other population density esti-
mates predict even higher prey requirements for leopard and
cheetah (Hayward et al., 2007). While the mid-Holocene environ-
ment of Shuwaymis did not have a wide range of prey within the
preferred weight range of the depicted large cats, hunting may
have been more opportunistic. However, the combined prefer-
ences of lion, leopard and cheetah for specific prey sizes and spe-
cies indicate that gazelles and equids were probably abundant
around Shuwaymis during the Holocene humid phase, in addition

to smaller mammals such as hares, hyrax and birds. In particular,
the assumed abundance of gazelles is striking, as they are rare in
the rock art. This highlights the cultural filter that influenced the
frequency of the depictions and shows that prehistoric animal
communities can only be estimated using a holistic approach.

However, the species spectrum also raises some questions. In
the context of an ecosystem in which animals adapted to arid con-
ditions thrived, the absence of wild camel and ostrich during the
early rock art period is surprising. While there is evidence that
both species were present in some areas of the Arabian Peninsula
(Cooper et al., 2009; Robinson and Matthee, 1999; Uerpmann and
Uerpmann, 2012), their distribution during the Holocene is not
yet known.

The faunal remains listed in Table 2 also include a number of
large animal species that were present in the Levant, such as deer,
aurochs, hartebeest, wild boar and hippo. While hippo, deer and
wild boar require woodland vegetation or water bodies, hartebeest
and aurochs are adapted to savannah environments, and during
the Holocene wet phase, their distribution included the central
Sahara (Guagnin, 2014; Le Quellec, 1998; Lutz and Lutz, 1995).
While a single depiction of an aurochs is known from Kilwa, on
the northern edge of the Nefud desert (Guagnin et al., 2015; Hors-
field et al., 1933), none were observed in Shuwaymis East. More-
over, the Neolithic pastoralists of the Negev as well as southern
and eastern Jordan specialised in caprine herding (Eisenberg-
Degen and Rosen, 2013; Henry et al., 2003; Rollefson et al.,
2014). It is therefore surprising that no sheep or goat were identi-
fied in Shuwaymis.

Climate modelling

The climate data simulated by COSMOS indicate a substantial
increase in rainfall levels at 6000 BC (Figure 6). Given that an
increase in humidity is recorded in the lake sediments of Jubbah
and Tayma at 10,000 BC and 8000 BC, respectively (Engel et al.,
2012; Hilbert et al., 2014), and pollen records indicate high lake
levels between 6700 and 6000 BC (Dinies et al., 2015), it is prob-
able that this time slice is representative of a period of increased
humidity in Arabia that extended back over 2000 years. This pat-
tern also corresponds with the African Humid Period, where pal-
aeohydrological data show an increase in lake records between
9500 and 5500 BC (Lézine et al., 2011; see also deMenocal and
Tierney, 2012).

Moreover, the climate simulations in Figure 6 show that rain-
fall at Shuwaymis derived from the northward advance of the
African Summer monsoon, which arrived in July, August and
September (see also Jennings et al., 2015; Parton et al., 2015;
Rosenberg et al., 2013). The simulations do not give any indica-
tion that Mediterranean winter westerlies reached Shuwaymis
8000 years ago, as they were less pronounced than today. Peaks in
summer rainfall in western Arabia therefore coincided with low
winter rainfall amounts in the Levant. In the HOL6 simulation,
annual rainfall averages around 177 mm (Figure 7). Modelling of
the aridification phase using the PI simulation shows that rainfall
levels fell significantly after the end of the Holocene humid phase
and average around 33 mm/yr. The climate modelled in the PI
simulation therefore shows that Shuwaymis is recently consider-
ably more arid than at 6000 BC.

The climate simulation also indicates that rainfall at Shuway-
mis varied from year to year (Figure 7), as it does at present. In
the HOL6 simulation, annual rainfall ranges from a low of 20 mm
through to a high of 420mm per model year. During 16 of the
modelled years, the area around Shuwaymis is estimated to have
received less than 100 mm of annual rainfall. However, 19 years
simulate more than 200 mm of rainfall, and 10years more than
300mm. In the PI simulation, 2years reach a maximum of
140 mm/yr, with all other years receiving less than 100 mm/yr.
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Figure 6. COSMOS simulated years of minimum and maximum rainfall for 6000 BC and pre-industrial time slices. Rainfall levels peaked at
Shuwaymis in year 15 of the 6000 BC climate simulation, with 420 mm/yr, and year 14 of the pre-industrial simulation, with 140 mm/yr.
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Figure 7. The 50-year time series of total annual rainfall (mm) for 6000 BC and pre-industrial climate simulation for Shuwaymis, derived from
COSMOS. For 6000 BC, annual rainfall averages 177 mm/yr over the 50-year time series, with extreme values as high as 420 mm (year 15) and as
low as 20mm (year 9). In contrast, annual rainfall values are considerably lower for pre-industrial climate, where they average 33 mm per year and
range from [40mm (year 14) to complete aridity (year 38).Average annual precipitation of both simulations is indicated with bold grey lines.

Both the HOL6 and PI climate simulations show that rainfall
levels north of Shuwaymis rarely exceeded 200 mm/yr (Figure 6),
inferring the continued presence of the Saharo-Arabian arid belt
during the Holocene humid phase. This pattern was also detected
in a study of multiple climate simulations for the Pleistocene (Jen-
nings et al., 2015) and suggests that the presence of the Saharo-
Arabia desert belt persisted even during periods of increased
rainfall.

Discussion

Although a quarter of the animal engravings recorded in Shuway-
mis East can be attributed to the Holocene humid phase, when
vegetation was abundant and lakes formed in areas that are arid
today, the rock art shows an unexpectedly narrow species spec-
trum. While depictions of crocodiles, elephants and hippo have
become iconic for the Green Sahara, evidence for wetter climate
is much more subtle at Shuwaymis.

The stratigraphy of the engravings and the depiction of domes-
ticates provide a broad chronological framework that allows a
division into images created during the Holocene humid phase
and animals represented after the onset of desert conditions. The
engraved animal spectrum shows a marked contrast between the

early and the late rock art phase, which mirror the environmental
changes associated with the Holocene humid phase and the subse-
quent aridification of the area. Considering the small number of
depicted animal species, the pictorial record of the early engrav-
ing phase at Shuwaymis contains an extraordinary range of carni-
vores. While leopard, cheetah, lion and hyena can survive in arid
conditions, their simultaneous presence, suggested in the engrav-
ings, poses constraints on their habitats and requires a diverse
landscape with different types of terrain and vegetation. In par-
ticular, leopards rely on dense vegetation and tend to cache their
kill in trees to avoid kleptoparasitism from lions and hyena (Hay-
ward et al., 2006a). Moreover, each of the large cat species spe-
cialises in a different size of prey, suggesting that equids and
gazelle were abundant in the area around Shuwaymis (Figure 5).
In contrast, gazelles are extremely rare in the rock art. This high-
lights the role of the ‘artistic filter’ in ecological reconstructions
from rock art. While the presence of species in the rock art reflects
the engraver’s knowledge of the animal and therefore its presence
in the landscape, the frequency of the depictions is unrelated to an
abundance or scarcity of gazelles in the landscape. The engraving
record and inferred abundance of gazelles mirrors the archaeo-
logical record in the Negev and the eastern Jordanian Badia,
where a high frequency of ibex depictions is juxtaposed with an
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abundance of gazelles in the faunal record (Eisenberg-Degen and
Rosen, 2013; Rollefson et al., 2008).

A comparison with the faunal record of the Arabian Peninsula
shows that all larger animals that are thought to have been present
in the area around Shuwaymis were also depicted in the rock art.
The presence and absence of larger animals in the engravings are
therefore a relatively accurate representation of the local ecosys-
tem. In the context of the savannah-like environments indicated
by the contemporaneous presence of several apex predators in the
rock art and by palacoenvironmental evidence (Crassard et al.,
2013; Dinies et al., 2015; Engel et al., 2012; Hilbert et al., 2014),
the absence of Levantine savannah species such as hartebeest and
aurochs needs to be explained. In addition, caprine pastoralism is
attested for the Negev and the Jordanian Badia from the PPNB
onwards (Betts, 1993; Henry et al., 2003; Kd&hler-Rollefson,
1988; Martin, 1999; Rollefson et al., 2014). The absence of sheep
and goat in the pictorial record is therefore highly unusual.
Although the engravings show a clear cultural bias towards the
depiction of larger animal species, where caprines are present,
they are usually depicted in small numbers (Guagnin, 2014;
Khan, 2007; Rollefson et al., 2008). Considering the sample size
of Shuwaymis East, we would therefore expect at least a handful
of depictions if caprines were herded alongside cattle.

The COSMOS climate simulations show that Shuwaymis was
at the northern edge of the African Summer Monsoon rainfall
regime (Figure 6). The region north of Shuwaymis remained sub-
stantially more arid, even during the Holocene humid period. This
inferred aridity is also indicated by an absence of Holocene lake
deposits observed in the dune fields of the Nefud (Rosenberg
et al., 2013). It is therefore possible that an arid barrier remained
in place, which restricted the dispersal of Levantine species into
Arabia. The narrow species spectrum identified in the rock art and
in the scarce faunal records, as well as the absence of caprines,
may therefore be a result of an ecological barrier that largely
remained in place during the Holocene humid period and restricted
the movement of Levantine species. This challenges current Neo-
lithisation models that assume a spread of Levantine herders via
Mesopotamia and the Persian Gulf, or via the Red Sea coast and
the Hejaz (Drechsler, 2009; Uerpmann et al., 2009) and indicates
that the Neolithisation of the Arabian Peninsula may have been
more complex (Charpentier and Crassard, 2013; Crassard and
Drechsler, 2013). However, lithic evidence from Epipalaeolithic
and PPN sites in the oasis of Jubbah (Crassard et al., 2013; Hilbert
et al., 2014) suggests that links with the Levant did exist in some
form. Instead, rainfall regimes simulated in climate modelling
suggest that Shuwaymis was ecologically connected with the
southwest of the Arabian Peninsula. The long-term survival of
carnivores indicates that substantial metapopulations were avail-
able in the landscapes around Shuwaymis, enabling immigration
and emigration of individuals. Based on the results of the HOL6
climate simulation, large carnivores are likely to have found suit-
able habitats in the areas that were reached by the monsoon. How-
ever, smaller groups of animals may also have survived in oases
such as Jubbah and Tayma.

Despite the evident presence of a Holocene humid phase at
Shuwaymis, there is some indication in the rock art that the envi-
ronment was marginal and climatic amelioration may have been
short lived. Based on early dates for domestic herds in the rest of
the Arabian Peninsula, domestic cattle were probably introduced
around 6000 BC and could have been present until the onset of
severe arid conditions around 4000 BC. Only 104 cattle depic-
tions were recorded at Shuwaymis East, suggesting that occupa-
tion was either sparse and intermittent or short lived. The
similarity in the cattle representations suggests that the majority
was created shortly after the shift to a herding economy. A depic-
tion of a starving ox (Figure 8) may reflect the end of humid con-
ditions at Shuwaymis or that droughts were common in this

Figure 8. Engraving of an ox with ribs clearly visible. A number
of camels were later superimposed onto the scene. Panel 103A,
Shuwaymis East.

marginal environment (see also Figure 7). For about three millen-
nia, rock art creation at Shuwaymis ceased and hunters may only
have visited the area sporadically, occasionally engraving an
image of an ibex, or possibly of camels (Figure 2). Shuwaymis
only began to be re-visited once the domestication of camel
opened up access to landscapes that had become too arid to sus-
tain other forms of subsistence. Again, occupation at Shuwaymis
appears to have been short lived. Only 31 depictions of horses
were identified, suggesting that the area was largely abandoned
shortly after the introduction of domestic horses. This is also evi-
dent in the low number of inscriptions. While writing was wide-
spread among sedentary and nomadic societies, and tens of
thousands of inscriptions have been recorded on rock surfaces
across the northwest of the Arabia (Online Corpus of the Inscrip-
tions of Ancient North Arabia (OCIANA), 2015), only 11 inscrip-
tions were recorded at Shuwaymis. It appears that the location of
Shuwaymis, surrounded by ancient lava fields to the south and
east, and the Nefud desert to the north, was unsuitable for human
occupation for most of the Holocene.

Notwithstanding some obvious caveats that influence rock art
research, namely, a paucity of direct dating methods and a cultural
filter that determined which animals were chosen for depictions,
the rock art of Shuwaymis clearly holds a range of environmental
information. The combined approach of a zoological identifica-
tion of animal engravings, carnivore habitat and prey biomass
estimates, and climate modelling enabled a broad reconstruction
of Holocene landscapes and their ecological connectivity. In a
region where excavated archaeological sites and analysis of fau-
nal remains are still scarce, the rock art can provide a valuable
contribution to our knowledge of prehistoric animal populations,
and human occupation of Holocene landscapes. Moreover, the
rock art is a direct reflection of the impact humans and their
domestic herds had on the local landscape. Hunting and herding
would have put additional pressure on the local vegetation and
wildlife even in remote areas such as Shuwaymis, at a consider-
able distance from known settlements and oases. However, our
results also raise further questions. How can we reconcile an envi-
ronment in which carnivores and prey were abundant with a pos-
sible pattern of short lived or intermittent human occupation?
This will need to be addressed in further research focussing on the
palacoenvironment and archaeology of this extraordinary
UNESCO World Heritage site. Our analyses clearly show that the
rock art of Shuwaymis contains important evidence on the Holo-
cene wildlife and vegetation in the area and needs to be integrated
into archaeological and palacoenvironmental research.
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