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Evidence of diverse animal 
exploitation during the Middle 
Paleolithic at Ghar‑e Boof 
(southern Zagros)
Mario Mata‑González 1,2*, Britt M. Starkovich 1,3, Mohsen Zeidi 3,4 & Nicholas J. Conard 1,3,4

Although Middle Paleolithic (MP) hominin diets consisted mainly of ungulates, increasing evidence 
demonstrates that hominins at least occasionally consumed tortoises, birds, leporids, fish, and 
carnivores. Until now, the MP zooarchaeological record in the Zagros Mountains has been almost 
exclusively restricted to ungulates. The narrow range of hominin prey may reflect socioeconomic 
decisions and/or environmental constraints, but could also result from a research bias favoring the 
study of large prey, since archaeologists have undertaken no systematic taphonomic analyses of small 
game or carnivores in the region. Here, we report on the first comprehensive taphonomic analysis 
of an MP faunal assemblage from Ghar‑e Boof (∼ 81–45 kyr), a Late Pleistocene site in the southern 
Zagros of Iran. Anthropogenic bone surface modifications point to hominins as the main agent of 
accumulation. Hominins preyed primarily on ungulates, particularly wild goat. However, we also 
found evidence for MP hominin exploitation of carnivores and tortoises at the site. Although small 
game represents only a minor portion of the diet, our results suggest that the hunting behavior of MP 
hominins in the Zagros was more diverse than previously thought, similar to what we find elsewhere in 
Eurasia.

The reconstruction of past hominin diets and subsistence strategies constitutes one of the primary goals of zoo-
archaeological studies since it informs us about how hominins adapted to and interacted with different environ-
ments. There is a general consensus among archaeologists that the animal component of the diet and foraging 
spectrum of Neanderthals and other Middle Paleolithic (MP) hominins was mainly dominated by ungulates 
or large game species across most of  Eurasia1–10. Nevertheless, there has been an increasing body of evidence 
that demonstrates the hominin exploitation of  tortoises10–15,  birds16–21,  leporids22–25,  fish26,27, and small and 
large  carnivores21,28,29 during the MP (for a more detailed synthesis of the available evidence and latest updates, 
 see30 and references therein). Independently if small game and carnivore taxa were  systematically18–20,22,24 or 
 sporadically15,21,23,28 collected or exploited when MP hominins encountered them while foraging, their presence 
in the zooarchaeological record allows us to better understand and assess crucial aspects of hominin socioeco-
nomics, behavioral variability, and hunting capabilities.

Within the prey choice model of optimal foraging theory, small game is normally considered low-ranked prey 
in comparison to high-ranked, large  game5,11,12 (but  see31). However, small animals with low capture or handling 
costs, such as slow-moving tortoises or sessile shellfish, have higher net yields relative to small, fast-moving 
 game5,11,12. As a result, tortoises might have represented higher-ranked and easy-to-catch resources collected by 
foragers of different ages and  sexes32,33. On the other hand, leporids, birds, and fish are quick, and more difficult-
to-catch animals, that generally have lower caloric  yields5,11,12. Moreover, economic decisions to include small 
game in the diet can be related to environmental constraints and prey  availability22,25,30, which directly affects the 
encounter  rate34. From a technological standpoint, hunting small, fast-moving game may require the use of trap-
ping techniques, such as nets and  snares19,25, or more efficient procurement methods (e.g., mass  collecting31,35), 
which, in turn, can reduce capture costs and increase overall return  rates11,12,31,35.
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Besides the dietary use of small  game19,20,22,23, archaeologists have suggested that MP hominins might have also 
exploited rabbits for  pelts25 and birds for  feathers16–18,20, the latter of which has been interpreted as an indicator 
of symbolic behavior. Since both large carnivores and MP hominins were top predators within the ecosystems 
that they lived, the documentation of carnivore remains in the zooarchaeological record can shed light on the 
interspecific competition for food resources, landscape and space use, and predatory-prey  relationships36,37. 
Cut-marked carnivore bones associated with defleshing and skinning activities indicate the active exploitation 
of carnivores by MP hominins, not only for the acquisition of food but also  fur21,28,29.

The Zagros Mountains represent a key geographic region in southwestern Asia for the study of human evolu-
tion and cultural and behavioral adaptations during the MP, especially because of their heterogeneous topography 
and high environmental  diversity38. However, although important archaeological sites in the Zagros have yielded 
animal bones in direct association with lithic artifacts or even hominin remains (Fig. 1), up until now the MP 
zooarchaeological record in the region is almost exclusively restricted to ungulate  species4,39–49. The only excep-
tion is Shanidar Cave, where  Evins42 proposed that land tortoise might have had an important supplementary 
economic value for hominins, based on the continuous occurrence of this taxon throughout the MP sequence, its 
higher frequency in relation to other species, and the presence of burned shell fragments. Overall, the presumably 
narrow range of hominin prey deduced from previous  studies42,43,47,48 may reflect socioeconomic decisions (e.g., 
a focus on high-ranked, large game to maximize energetic  returns5,11,12). Alternatively, some scholars suggest that 
in the Zagros Mountains the narrow exploitation of ungulate taxa, mostly caprines, was due to environmental 
 constraints48. Nevertheless, the predominance of ungulates in MP zooarchaeological assemblages could also be 
the result of research bias, caused by a disproportionate study of large prey by  zooarchaeologists4,43–46,48,49, espe-
cially since zooarchaeologists have undertaken no systematic taphonomic analyses of small game nor carnivores 
in the Zagros region. Therefore, further investigations are still required.

Here, we present the first results of a comprehensive taphonomic analysis of the MP faunal assemblage 
from Ghar-e Boof, dated between ca. 81–45 kyr (OSL  dates50). The main goals of our study are: (1) to deter-
mine whether hominins were the primary agents of bone accumulation or modification at the site, and identify 

Figure 1.  Location of Ghar-e Boof (1) in Southwest Asia and in the Zagros region, along with other Late 
Pleistocene sites with MP sequences mentioned in the text: Eshkaft-e Gavi (2), Kunji Cave (3), Kaldar Cave (4), 
Wezmeh Cave (5), Bisotun Cave (6), Warwasi Rockshelter (7), Ghar-e Khar (8), Kobeh Cave (9), Bawa Yawan 
Rockshelter (10), Shanidar Cave (11), Tamtama Cave (12). Map created by QGIS 3.10.12 (https:// www. qgis. 
org/).

https://www.qgis.org/
https://www.qgis.org/
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other post-depositional processes that might have affected and altered the preservation of the zooarchaeologi-
cal remains; and (2) to reconstruct and evaluate hominin prey choice and subsistence strategies during the MP. 
In this paper, we not only confirm that hominins were the main accumulation agent, but we also report direct 
evidence for MP hominin exploitation of carnivores and tortoises in the region. Although caprines represented 
the main prey and food resources exploited at Ghar-e Boof, we demonstrate that the hunting behavior of MP 
hominins in the Zagros was more diverse than previously thought.

Geographical, archaeological, and chronological setting
Ghar-e Boof (N 30.2839°, E 51.4352°) is located in the Dasht-e Rostam region, in the northwest of Fars Province 
(southern Zagros Mountains, Iran, Fig. 2a). The topography of the region is heterogenous, with mountains rang-
ing between 700 to 2500 m.a.s.l., and numerous plains and river valleys, which represent natural east–west and 
north–south  corridors51,52. Formed in limestone and with an area of about 60  m2, the cave lies at an altitude of 
905 m.a.s.l., and its entrance faces  north53 (Fig. 2b). The valley bottom is currently situated approximately 190 m 
directly downslope from Ghar-e Boof, and a seasonal stream, the Solak River, runs ~ 200 m away towards the 
northeast. Ghar-e Boof was discovered in 1997 by R. Nowroozi, a member of the Fars cultural heritage  office54, 
though the site was originally named Eshkaft-e Yagheh Sangar. The Tübingen-Iranian Stone Age Research Pro-
ject Team visited Ghar-e Boof in 2005 for the first time, documenting and collecting numerous lithic artifacts 
on the surface of the site, and assessing its archaeological  potential55,56. The first excavations were carried out in 
2006 and 2007, co-directed by N. J. Conard and M.  Zeidi57, while another two seasons of excavation took place 
in 2015 and  201758,59.

The excavation at Ghar-e Boof has an area of 18  m2 (2 by 9 m), extending from near the entrance of the site 
to the back wall, across its north–south  axis53 (Fig. 2c). The overall stratigraphic sequence consists of ca. 6 m of 
well-stratified  deposits50, characterized mostly by ashy silts and silty sediments with limestone clasts of different 
sizes. These sediments derive primarily from aeolian processes and the effects of gravity, which includes rocks 
and silts detached from the cave walls and  roof60. The hominin occupation of the site spans from the MP or 
MIS5a to the historical period (Table S161, and references therein).

Archaeologists identified six main geological and archaeological horizons (AH)s, and 13 sub-horizons 
(Fig. 2d). Moving from the top downward, the stratigraphic sequence begins with Holocene deposits (AHs I 
and II). In these layers, pottery sherds, metal, and glass artifacts from historical periods were recovered along 
with some Epipaleolithic-Upper Paleolithic (UP)  artifacts53. AHs IIa and IIb mainly consist of Epipaleolithic 
(Zarzian) lithic artifacts, but a radiocarbon date and a few pottery sherds have evidenced some disturbance with 
the upper  sediments62. The undisturbed Pleistocene deposits start with AH III. The early UP sequence spans from 
AH III to IVb, and radiocarbon and OSL dates situated this entire stratigraphic complex at the range of 42–35 kyr 
cal.  BP50,53,62,63. The early UP lithic artifacts recovered at Ghar-e Boof constitute the assemblage type used for 
defining the Rostamian cultural group in the southern  Zagros53. The main characteristic of the Rostamian 
technocomplex is the predominance of diminutive bladelets, retouched bladelet tools, and small platform cores 
made on radiolarian-chert  cobbles53,58,64. Besides lithic artifacts, archaeologists also documented combustion 
features and personal ornaments, such as perforated shells and  teeth53,58. Our zooarchaeological data indicate 
that, during the early UP, Ghar-e Boof was primarily occupied by humans and used as a campsite, while the 
presence of carnivores at the cave was extremely  rare65. In addition, the faunal record shows Rostamian foragers 
preyed mostly on caprines for meat and marrow, but there is also evidence for the exploitation of a great variety 
of animal taxa, including small- to very-large-bodied ungulates (i.e., gazelles, wild pigs, red deer, equids, and 
wild cattle), tortoises, birds, and  carnivores65.

AH IVd yielded an OSL date of 48–45  kyr50, but at present, we cannot confidently ascribe AHs IVc and 
IVd to either the MP or UP because of low find densities. Nonetheless, both layers lack characteristic artifacts 
of the UP techno-cultural repertoire in the Zagros, such as perforated shells and Arjeneh points, which were 
recovered in AHs IV to IVb despite having similar low find  densities50. Consequently, AHs IVc and IVd have 
been tentatively assigned to either the  MP66, or to the MP–UP  transition50. The MP deposits have only been 
excavated so far in three quadrants (6/7, 6/8, and 7/7), which are located towards the central-northern part of 
the excavation area. Moving downwards, the OSL chronology for AHs V to Vc falls in the range of 63–46 kyr, 
while AH VI spans between 81 and 72 kyr (68% credible  interval50). Although the analysis of MP lithic artifacts 
is still ongoing, preliminary observations indicate a technology focused on the production of flakes and diverse 
scrapers, in stark contrast with the UP Rostamian industries documented at Ghar-e  Boof50,59,66. The presence of 
Levallois reduction techniques is currently still unclear due to the low find  densities66. Overall, the MP record 
of Ghar-e Boof likely reflects short-term hominin occupations or even low populations in the Dasht-e Rostam 
region during the  MP58,66. Finally, most lithic artefacts preserved sharp edges, and it seems they were recovered 
in their primary position.

Paleoenvironmental data inferred from the small vertebrate record of Ghar-e Boof, including small mammals, 
reptiles, amphibians, and fish, show that during most of the Late Pleistocene, the landscape around the site was 
mainly dominated by warm, arid conditions with dry, open meadows, shrublands and rocky terrain, and water 
sources  nearby61. The sample size for small vertebrates is relatively small for some layers and environmental 
interpretations must be drawn with caution. However, the presence of Afghan pika (Ochotona cf. rufescens) in 
AH IVc, along with a decrease in the number of rodents between AHs IVd and IV, may suggest a short phase 
with slightly lower temperatures and/or drier  conditions61. Finally, hominin remains have not been unearthed 
at Ghar-e Boof so far. Nonetheless, there is a general agreement among archaeologists and paleoanthropologists 
regarding the association of early/initial UP sites in the Zagros exclusively with Anatomically Modern Humans 
(AMH)s47,50,64,66–68, though AMH skeletal remains are very rare in the  region69–71. As for the MP, several sites 
also yielded Neanderthal or Neanderthal-like remains, such as Shanidar  Cave39,72–78, Bisotun  Cave79, Wezmeh 
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Figure 2.  Ghar-e Boof: (a) location of the cave in the Dasht-e Rostam region, Iran (satellite view; map created 
by QGIS 3.10.12, https:// www. qgis. org/); (b) general view of the entrance of the site (white arrow); (c) Schematic 
representation of the interior of the cave and location of the excavation area divided by quadrants (created 
by Inkscape 0.92.4, https:// inksc ape. org; and modified  from53; dotted line indicates the dripline); (d) chrono-
stratigraphic sequence (west profile; some of the OSL dates were obtained for the north profile,  see50, but we 
included them here at approximate locations within the west profile in order to offer a comprehensive view of 
the chronology).

https://www.qgis.org/
https://inkscape.org
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 Cave80 and Bawa Yawan  Rockshelter81. However, the complex paleoanthropological record from the MP in 
southwestern Asia, especially in the southern Levant, indicates early dispersals of AMHs to the  region82–84, along 
with the presence of  Neanderthals85,86. In the absence of hominin remains in MP sites, both Neanderthals and 
AMHs could still be considered as plausible makers of MP  assemblages50,87.

Data presentation and results
In this paper, we examine a sample of 941 identified specimens (Table 1; Table S2) recovered from eight layers 
(AHs IVc to VI) at Ghar-e Boof, ranging from ca. 81 kyr to 45  kyr50. Although the faunal assemblage is primarily 
dominated by ungulates (NISP = 710), we also present the skeletal element representation and anthropogenic 
modifications of carnivores (NISP = 7), tortoises (NISP = 161), and medium and large bird (NISP = 63) remains 
in order to assess the complete animal foraging spectrum of MP hominins at the site, beyond just ungulate/large 
game hunting. Our sample does not include small mammals (rodents, pikas, and insectivores), amphibians, 
squamate reptiles (agamid lizards and snakes) and small birds (Passeriformes), since the accumulation of these 
taxa at the site was most likely the result of non-hominin predator activities or natural  death61.

Species representation
More than 75% of the MP faunal assemblage of Ghar-e Boof consists of ungulates, from small to very large taxa. 
The ungulate assemblage is dominated by caprines (Ovis/Capra), but mostly wild goat (Capra aegagrus), followed 
by gazelle (Gazella sp.). We also documented small numbers of wild pig (Sus scrofa), red deer (Cervus elaphus), 
equid (Equus sp.), and wild cattle (Bos primigenius). As for small game, the most common species-specific identi-
fication is tortoise (Testudo sp.), and species-specific designations for birds are restricted exclusively to partridge 
(Alectoris cf. chukar). However, the medium bird category encompasses other Galliformes and Columbiformes for 
which taxonomic identifications are not yet available, and large birds (small raptors) are also present. Carnivores 
are very rare, represented by red fox (Vulpes vulpes) and a large felid, probably leopard (Panthera cf. pardus).

Skeletal element representation and bone surface modifications
Figure S1 shows the representation of each skeletal region for caprines and medium ungulates by AH (data from 
Table S3). Despite the sample sizes, a few patterns are evident: (1) head and limb body segments are present in 
all layers, and in particular, heads are the most well-represented anatomical parts; (2) we did not record any 
horns identified as caprine or assigned to the category “medium ungulate”; (3) neck and axial elements were 
not recovered from most layers, and when documented, they are visibly underrepresented; and (4) feet are also 
relatively rare throughout the entire MP sequence. Furthermore, correlations between skeletal elements by per-
centage of minimum animal units (%MAU) for all AHs combined and food  utility88 and standard food  utility89 
indices are not statistically significant (Table S4 and S5). Instead, there are positive and statistically significant 
correlations between %MAU and  marrow88 and unsaturated  marrow90 indices respectively. Regarding the analysis 
of density-mediated attrition, we present ratios of ungulate tooth- to skull bone-based minimum number of ele-
ments (MNEs) by layer in Table S6. Most layers show higher cranial-based MNEs in comparison to tooth-based 
MNEs. There a few layers with very small sample sizes, yet they have an even ratio. Lower tooth-relative to cranial 

Table 1.  MP faunal assemblages from Ghar-e Boof. Number of identified specimens (NISP) and relative 
proportions (%) by AH for each taxon or body size group. The category “ungulates” includes all body size 
groups, from small to very large ungulates, which are represented by gazelle, wild sheep, wild goat, red deer, 
wild pig, equid, and wild cattle (for more details, see Table S2).

AH IVc IVd V Va Vb Vc Vd VI Total

Taxon NISP % NISP % NISP % NISP % NISP % NISP % NISP % NISP % NISP %

Ungulates

Subtotal ungulates 56 69.1 13 76.5 71 69.6 168 69.7 98 68.1 83 71.6 28 68.3 193 97.0 710 75.5

Carnivores

Red fox (Vulpes vulpes) 0 0.0 0 0.0 0 0.0 1 0.4 0 0.0 0 0.0 0 0.0 0 0.0 1 0.1

Large carnivore 0 0.0 0 0.0 0 0.0 1 0.4 0 0.0 0 0.0 0 0.0 0 0.0 1 0.1

Leopard (Panthera cf. 
pardus) 0 0.0 1 5.9 4 3.9 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 5 0.5

Subtotal carnivores 0 0.0 1 5.9 4 3.9 2 0.8 0 0.0 0 0.0 0 0.0 0 0.0 7 0.7

Reptiles

Tortoise (Testudo sp.) 8 9.9 2 11.8 23 22.6 57 23.7 34 23.6 27 23.3 10 24.4 0 0.0 161 17.1

Birds

Medium birds 11 13.6 0 0.0 3 2.9 12 5.0 9 6.3 6 5.2 3 7.3 5 2.5 49 5.2

Partridge (Alectoris cf. 
chukar) 5 6.2 1 5.9 1 1.0 1 0.4 3 2.1 0 0.0 0 0.0 1 0.5 12 1.3

Large birds 1 1.2 0 0.0 0 0.0 1 0.4 0 0.0 0 0.0 0 0.0 0 0.0 2 0.2

Subtotal birds 17 21.0 1 5.9 4 3.9 14 5.8 12 8.3 6 5.2 3 7.3 6 3.0 63 6.7

Total 81 100.0 17 100.0 102 100.0 241 100.0 144 100.0 116 100.0 41 100.0 199 100.0 941 100.0
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bone-based MNE values or an even ratio is the opposite of what we would expect if density-mediated attrition 
had influenced the faunal remains from Ghar-e Boof.

We recorded different types of bone surface modifications on the MP faunal remains recovered at Ghar-
e Boof, such as sedimentological alterations, weathering and gnawing (Table S7). The most extreme damage 
documented in the assemblage is crushing by sediment compaction, but just less than two percent of the total 
remains were crushed. However, 21.2% of the total specimens were partly or completely covered by sediment 
concretions. Surface weathering is rare, affecting 2.5% of the bone remains. In this case, weathering damage is 
limited to the presence of fine linear cracks, some of them open (weathering stages 1 and 2), and none of the 
specimens are splintered or have surfaces with fibrous or rough textures (stages 3 to 5,  after91). Root etching 
is very uncommon as well (1.1%), and none of the specimens are rounded or abraded. In contrast, chemical 
weathering is quite frequent, with 32.9% of the total bone specimens showing irregular etched scars and/or spots 
(Fig. S2). Frequencies of carnivore tooth marks and rodent gnawing are very low (1.2% and 3.0% respectively, 
Fig. S3; nevertheless, these frequencies would be slightly higher, 2.6% and 3.2%, if we consider specimens that 
were potentially gnawed, but for which the observed damage is not unequivocal).

Overall, burning damage occurs with fairly low intensity (Fig. S4): 6.8% of the bone assemblage is burned. 
Among the burned specimens, 5.8% are carbonized (stages 1 to 3) and only 1.0% are calcined (stages 4 to 6, 
 after92). There is no apparent temporal change in the proportion of burned remains and burning intensity over 
the stratigraphic sequence. Anthropogenic modifications on bone specimens recovered at Ghar-e Boof which are 
associated with butchery and carcass processing activities comprise green (split/spiral and transverse) fractures, 
impact damage, cut marks, and bone tools (Table S8; Fig. 3). Overall, the most frequent types of damage are splits 
and spiral fractures, documented on more than 40.0% of the total bone assemblage. The proportion of transverse 
fractures, instead, is much lower (6.5% of the assemblage). Moreover, cut-marked bones are particularly abundant 
(20.7% of the entire assemblage), while impact damage (including cone fractures, opposite cones, and percus-
sion impacts) is also not uncommon (8.5%). On ungulates, cut marks are more common on meat-bearing and 
lower limb elements (i.e., ribs, femora, humeri, radii and tibiae, Table S9). However, we also recorded cut marks 
on other elements, such as crania, mandibles, ulnae, metatarsals, and phalanges, and on a calcaneus, a scapula, 
and an astragalus. Likewise, impact damage is almost exclusively restricted to long-bone elements with high-
marrow content, such as metatarsals, tibiae, femora, humeri, radii, and a mandible. One exception is an impact 
mark on the scapula of an aurochs, which also exhibits longitudinal scraping (Fig. S5). Finally, we identified a 
small number of bone retouchers (N = 6, Fig. S6), made on medium-bodied ungulate long-bone shaft fragments, 
along with some other potential bone tools.

Table 2 shows the skeletal element representation by NISP for carnivores and small game taxa. Regarding 
carnivores, we recorded two cranial remains: an upper molar of a red fox, and an indeterminate canine of a large 
carnivore (Table S10; the latter specimen was highly damaged and a more precise taxonomic identification was 
not possible). The rest of the carnivore bones are postcranial elements, all of them identified as cf. leopard. We 
documented an appendicular element (distal epiphysis of a right radius), and four complete phalanges (three 
first phalanges and a second phalanx). All postcranial elements are fully fused and therefore belonged to an adult 
individual. Despite the small number of carnivore postcranial elements in our assemblage, all of them preserve 
cut-marks (Table 3; Fig. 4). Moreover, a radius and two first phalanges are partially carbonized (stages 1–2), and 
the radius also exhibits a green fracture.

The tortoise assemblage is mostly dominated by shell specimens (91.9%), comprised of both carapace and 
plastron fragments (Table 2; Table S10). In Fig. 5, we show some examples of tortoise specimens exhibiting 
burning and butchery damage. Aside from ungulates, tortoise is the taxon with the highest number of burned 
specimens recovered from the MP sequence of Ghar-e Boof (NISP = 18, Table 3), though burning is exclusively 
restricted to shell fragments. Fifteen of them were carbonized (stages 1–3), while just three were calcined (4–5). 
Likewise, green fractures were equally abundant and limited to carapace and plastron specimens. Other types 
of butchery damage were uncommon, but we documented three shell fragments with percussion impacts and 
another four specimens (two shell fragments and two appendicular long bones) that were cut-marked and/or 
scratched. Bird remains consist predominantly of long bones elements. Phalanges, cranial, and axial elements 
are underrepresented. None of the bird bones shows evidence of burning, and we did not find unambiguous 
anthropogenic modifications, such as cut marks. Green fractures are the only type of damage that might have 
been caused by hominins, though other agents of bone accumulation or modification (e.g., carnivores) cannot 
be excluded. We recorded six bird specimens (three tibiotarsi, one femur, one ulna, and one undiagnostic piece 
of a long bone) that exhibit either transverse or split/spiral breakages. However, the absence of carnivore damage 
on bird remains likewise does not allow us to rule out hominins as potential accumulators.

Discussion and conclusions
In general, the results of our taphonomic analysis indicate that post-depositional bone surface alterations, such 
as weathering and root etching, are infrequent, which is expected in the protected environment of a  cave93, and 
in agreement with the overall pattern documented previously in the UP sequence of Ghar-e  Boof65. The absence 
of rounding or abrasion damage in our assemblage also support the hypothesis that bone specimens were found 
in primary position, or at least, they were not considerably displaced horizontally by water, wind or trampling. 
Nevertheless, a considerable proportion of the bone specimens were either partially or completely covered by 
sediment concretions, or affected by chemical weathering. These mineral concretions are presumably made of 
calcium carbonate and are most likely caused by the percolation of water through the  sediments58,65. In our analy-
sis, we used the term chemical weathering to describe irregular etched scars or spots on the surface of bones. The 
observed chemical weathering is probably the result of biological or geochemical  actions93, for example, due to 
the presence of  guano60 or the decomposition of organic materials in the burial context of the faunal  remains65. 
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Figure 3.  MP ungulate remains from Ghar-e Boof with anthropogenic modifications: (a) medium/large 
ungulate long bone shaft fragment with cut marks; (b) wild goat second phalanx with cut marks; (c) medium 
ungulate tibia heavily cut-marked; (d) medium ungulate tibia exhibiting an opposite cone fracture; and (e) 
medium ungulate radius with a cone fracture, in which the negative bone flake still remains attached. All these 
specimens also present green (split/spiral) fractures. Scale: general view = 10 mm; closer-up view = 2 mm.
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Although both sediment concretions and chemical weathering might have obscured or even obliterated other 
taphonomic modifications, the relatively high proportion of green fractures, tool marks, and burning point to 
hominins as the main accumulating agent. Carnivore damage and rodent gnawing are rare in our assemblage, 
suggesting that carnivores and rodents played a minor role in the accumulation or alteration of the bones at the 
site. Based on the ratios of ungulate tooth- to skull bone-based MNEs, density-mediated attrition does not appear 
to have impacted the bone assemblage. Therefore, the faunal record of Ghar-e Boof has the potential to offer new 
information on hominin prey choice and subsistence strategies in the Zagros during the MP, not only includ-
ing evidence for hunting and butchering ungulates, but also, at least occasionally, carnivores and small game.

During the MP at Ghar-e Boof, hominins preyed primarily on ungulates, which represent more than 75% 
of the identified animal specimens in the assemblage. Within the ungulate category, the most common prey 

Table 2.  MP carnivore and small game remains from Ghar-e Boof. Skeletal element representation by 
anatomical region and NISP. All archaeological layers are combined. Data from Table S6. NA not applicable.

Taxon Total NISP Cranial Axial Appendicular Phalanges Shell fragments Others

Carnivores

Red fox (Vulpes vulpes) 1 1 0 0 0 NA 0

Large carnivore 1 1 0 0 0 NA 0

Leopard (Panthera cf. pardus) 5 0 0 1 4 NA 0

Reptiles

Tortoise (Testudo sp.) 161 0 1 12 0 148 0

Birds

Medium birds 49 3 9 24 12 NA 1

Partridge (Alectoris cf. chukar) 12 0 0 12 0 NA 0

Large birds 2 0 0 1 1 NA 0

Total 231 5 10 50 17 148 1

Table 3.  MP carnivore and small game remains from Ghar-e Boof. Anthropogenic modifications on bone 
specimens (by NISP and %NISP). Carnivore dental elements are not included.

Taxon Anatomical regions Burning Green fractures Percussion damage Cut marks

Leopard
Appendicular 1 (100.0%) 1 (100.0%) 0 1 (100.0%)

Phalanges 2 (50.0%) 0 0 4 (100.0%)

Tortoise

Axial 0 0 0 0

Appendicular 0 0 0 2 (16.7%)

Shell fragments 18 (12.2%) 18 (12.2%) 3 (2.0%) 2 (1.4%)

Birds

Cranial 0 0 0 0

Axial 0 0 0 0

Appendicular 0 6 (16.2%) 0 0

Phalanges 0 0 0 0

Others 0 0 0 0

Total 21 (9.1%) 25 (10.8%) 3 (1.3%) 9 (3.9%)

Figure 4.  Cf. leopard remains from the MP sequence of Ghar-e Boof, which have cut marks and burning: (a) 
distal epiphysis of a radius, with cut marks located on both the anterior and posterior surfaces of the preserved 
shaft, and most of them are transverse, but few are also diagonal; and (b) first phalanx with a cluster of short and 
transverse cut marks in the palmar/plantar side, near the distal epiphysis.
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was medium-bodied ungulates, including sheep/goat, but mostly wild goat. If we assume that most specimens 
identified as medium ungulates were most likely caprines too, then they constituted almost 60% of the animal 
component of the hominin diet. Hominins also hunted small ungulates such as gazelles, which are relatively 
abundant at Ghar-e Boof, and to a much lesser extent, we documented equid, wild pig, red deer, and wild cattle.

The analysis of skeletal element representation of caprines and medium ungulates show that our assemblage 
is mostly dominated by head, upper and lower limb elements, whereas horns and neck, axial and foot body seg-
ments are rare at the site. An underrepresentation of structurally weak elements, such as ribs and vertebrae, could 
track density-mediated attrition (e.g.,94). However, we feel confident that skeletal profiles mostly reflect transport 
practices and economic decisions for two reasons: (1) most AHs present a higher cranial-based MNEs in com-
parison to tooth-based MNEs; if there were density-mediated attrition, we should expect an overrepresentation 
of teeth, which are more resistant to attritional processes than bone due to their mineral  composition1,94; (2) 
phalanges, which represent relatively dense  elements94, are also uncommon. As a result, even if a minor degree 
of in-situ attrition might have occurred, we suggest that the MP occupants of Ghar-e Boof did not transport 
complete ungulate carcasses to the cave, abandoning in the kill sites most horns, and neck, axial and foot ele-
ments. Additionally, we have found positive and statistically significant correlations between %MAU and marrow 
and unsaturated marrow utility indices, which points to the preferential transportation of elements with high 
quantities of marrow and unsaturated fatty  acids88,90,95 to the cave.

Overall, anthropogenic modifications on ungulate remains, such as cut marks, impact damage, and green 
breaks demonstrate that MP hominins exploited ungulates and butchered and processed their carcasses for meat 
and  marrow96–99. Our taphonomic analysis shows that cut marks are relatively more frequent on meat-bearing 
and lower limb elements, including ribs, femora, humeri, radii, and tibiae. Experimental and ethnoarchaeo-
logical studies indicate that cut marks located on the above-mentioned elements are mostly associated with 
defleshing, filleting, and dismembering  activities96,98,99. We also recorded cut marks on elements with relatively 
low utility values, which are more related to the disarticulation, skinning, and tendon removal of ungulate 
 carcasses96,98,99. Moreover, most of the impact damage is located on long-bone elements with relatively high-
marrow  content88,90,95. Therefore, impact damage, along with the relatively large number of green (split/spiral 
and transverse) fractures, definitely suggest not only that long bones were broken when fresh through dynamic 
loading with  hammerstones94,97, but also that marrow processing and the consumption of within-bone nutrients 
played an important economic role for MP hominins at Ghar-e Boof. Finally, we recorded six bone retouchers, 
which seem to have been used to retouch stone flakes.

Recently, based on the small vertebrate assemblage recovered from Ghar-e Boof, Blanco-Lapaz et al.61 sug-
gested that during the Late Pleistocene the surrounding landscape of the site was mainly dominated by warm 
and arid conditions, open, dry meadows and shrublands, and rocky terrain, with some nearby water sources. 
Wild goats mostly live in piedmonts and craggy-rocky slopes, but they can also inhabit dry lowlands and steppe 

Figure 5.  MP tortoise remains from Ghar-e Boof with anthropogenic modifications: (a) burnt plastron 
fragment; (b) burnt carapace shell fragment; (c) cut-marked scapula; (d) plastron fragment with a percussion 
impact.
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 landscapes100,101. Therefore, as we suggested for the UP zooarchaeological assemblage of Ghar-e  Boof65, the pre-
dominance of caprines and medium ungulates, along with gazelles and small-bodied ungulates, could indicate 
that MP hominins were likely hunting near the site, or at least locally where those environments were present. 
On the other hand, according to the prey choice model from optimal foraging theory, hunter-gatherers are 
expected to maximize their foraging efforts and energetic return rates by targeting high-ranked resources, such 
as ungulate prey, which provide the greatest nutritional benefits per hunting episode (i.e.5,11,12,33, and references 
therein). Optimality models predict that foragers would only turn to low-return animal resources when high-
ranked prey decline or are no longer  available12,33. If we consider caprines as high-ranked prey in the Zagros 
Mountains in comparison to other types of resources (e.g., small, fast-moving game), then a narrow diet, with a 
focus on caprines, would mean that MP hominin groups in the region were able to meet most of their daily caloric 
demands with high-ranked  prey5. This narrow economic focus on medium ungulates during the MP could only 
have been maintained due to short-term, sporadic hominin occupations at the site, or low population  densities3,5. 
In fact, our team previously suggested that Ghar-e Boof was occupied ephemerally by hominins based on the low 
find densities recovered from the MP  deposits58,66, which consequently may also reflect low population densities 
or small population groups living in the southern Zagros region during the MP.

Regarding small game, the documentation of anthropogenic marks and burning damage on tortoise speci-
mens demonstrate that hominins collected and processed tortoises for dietary purposes. We observed no signs 
of carnivore or raptor damage. Instead, green fractures and percussion impacts indicate that tortoise shells 
were broken and crushed with stone tools, while cut marks and scratches are associated with the defleshing and 
removal of meat, viscera, and  ligaments14,15. The observed burning pattern on tortoise remains does not seem 
to be caused by accidental exposure to fire: (1) we only documented burning damage on shell fragments, and it 
appears to be restricted, with a few exceptions, to the outside surfaces of the shells, which most archaeologists 
have interpreted as evidence for in-shell roasting of tortoises on a  fire13,15,42,102; (2) tortoise specimens display 
higher instances of burning compared to other  taxa13; and (3) some of the shell fragments are also calcined, 
which is rarely accidental, since calcination of faunal remains takes place with direct exposure to live  coals92. In 
addition, based on the relative abundance of tortoises throughout most of the MP sequence of Ghar-e Boof, we 
suggest that tortoises most likely constituted important dietary supplements. Although in general small game 
animals yield relatively low return rates, slow or sessile small game taxa, such as tortoises, are very easy to collect, 
and therefore, represent high-ranked resources because of their low capture  costs5,11,12. The relative proportion of 
tortoises seems to vary little throughout time, or at least, there is no visible chronological trend. Since tortoises 
are susceptible to human overexploitation due to their slow maturation rates and population  recovery5,11,12, it 
seems that the MP hominins that inhabited Ghar-e Boof did not exert great harvesting pressure on tortoises, 
which again could point to an ephemeral occupation of the site or small population groups in the region.

Carnivore remains are uncommon in the MP sequence of Ghar-e Boof. We only recorded an upper molar of 
a red fox, an indeterminate canine of a large carnivore, and five postcranial elements (one radius and four pha-
langes), which were identified as cf. leopard. Despite the small number of carnivore specimens in the assemblage, 
all the postcranial elements exhibit anthropogenic modifications, demonstrating the hominin exploitation of 
carnivores at Ghar-e Boof during the MP. These postcranial remains were recovered in a relatively small area 
and in close proximity to each other between the upper part of AH V, and the bottommost part of AH IVd (see 
Table S2 and comments). In addition, all these specimens are completely fused and have similar sizes. They prob-
ably belonged to a single adult individual, which indicates that the exploitation of carnivore resources at Ghar-e 
Boof represents a rare and isolated event. The observed butchery pattern on the radius and phalanges is consistent 
with the damage caused during disarticulation and skinning  actions103,104, and therefore, we suggest the process-
ing and use of carnivore pelts by MP foragers at the site. Burning damage on carnivore remains could be related 
to the direct exposure of bones to fire after carcass  processing104, or to a pelt discarding  event105, though, in this 
case, we cannot rule out indirect or accidental burning (e.g.,92). Hominins could have had access to carnivore 
fur through active hunting or scavenging of recently dead  animals29. If the latter was the case, skinning for fur 
retrieval is a task that humans can only accomplish shortly after an animal dies (from ca. an hour to maximum of 
one day depending on climatic conditions), or the hair will “slip” from the hide and it will be  ruined29,106,107. The 
small sample size of carnivore remains and the absence of meat-bearing elements in the assemblage potentially 
biases our interpretation toward skin procurement, but we do not exclude the possibility that MP foragers, on 
occasion, consumed carnivore meat, since it seems unlikely that they would waste fresh meat due to its nutritional 
 value107. In any case, the documentation of both carnivore tooth marks on ungulate remains and anthropogenic 
modifications on carnivore bones recovered at Ghar-e Boof provide compelling evidence for direct and indirect 
carnivore-hominin interactions in the southern Zagros Mountains.

Finally, any interpretations regarding the main agent responsible for the accumulation of birds must be 
made with caution. In our study, we did not find unequivocal evidence for an anthropogenic origin of the bird 
remains recovered from the MP sequence of Ghar-e Boof, yet the most common species at the site are those that 
tend to be exploited by hominin foragers. Most of the bird specimens identified in the assemblage correspond 
to medium-sized birds, probably Columbiformes or Galliformes. However, more precise taxonomic identifica-
tions (either genus or species) were not possible for several reasons: some specimens do not present diagnostic 
features; there is a high diversity of birds currently distributed across modern-day Iran and southwestern  Asia108; 
and we only had access to few Iranian taxa in our comparative collection. Columbiformes, such as rock doves 
and other pigeons, inhabit stony and rocky environments, and even breed and shelter inside  caves108. It is pos-
sible that some bird remains come from animals that died naturally in the cave, as suggested recently for some 
of the small vertebrate taxa recovered at the  site61. However, Galliformes, particularly Chukar partridges, do not 
live in  caves108. A small number of medium bird or partridge specimens exhibit green fractures, indicating that 
the bones might have been broken by predators. On the one hand, we did not record carnivore damage on bird 
remains, which allows us to consider hominins as potential accumulators. On the other hand, experimental 
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studies have demonstrated that humans can deflesh and disarticulate bird carcasses using their bare hands 
without the assistance of any  tools109. Thus, the absence of cut marks on bird specimens at Ghar-e Boof does 
not necessarily mean that MP hominins did not exploit or consume bird resources occasionally. Following the 
prey choice model, small, fast-moving, or difficult-to-catch animals, such as partridges, usually provide lower 
caloric return rates because they have higher capture and processing costs than large game or small, slow-moving 
 taxa5,11,12,35. Under the purported low population densities and hunting pressures attested in the southern Zagros 
during the MP, hominins were able to have a narrow diet dominated by high-ranked food resources, while low-
ranked birds might have been either completely ignored or represented very sporadic contributions to the total 
meat  intake3,5,11,12.

During the last decades, the reconstruction of dietary and subsistence strategies of MP hominins have ben-
efited considerably from the improvement and standardization of modern excavation techniques (e.g., systematic 
water-sieving of sediments or use of ≤ 2 mm mesh, which allow archaeologists to recover even the smallest faunal 
 remains22,25). In addition, there have been an increasing number of detailed taphonomic-oriented analyses that 
have focused on different classes of faunal remains present in archaeological assemblages (i.e.15,19,21,22,25). Some 
scholars have proposed that Neanderthals habitually exploited small, fast-moving animals, such as leporids and 
 birds18–20,22,24. However, the systematic use of small, quick animals is still rare in the MP record of  Eurasia3,22, and 
it might only have been a feasible foraging strategy at some localities due to their unique environmental condi-
tions or the availability of small  prey20,22,25,30,34. In most cases, the zooarchaeological evidence points to sporadic 
use of small, fast-moving game and  carnivores21,23,28. Nevertheless, the acquisition and exploitation of diverse 
prey highlight the high plasticity, variability, and complex foraging skills of MP hominins throughout Eurasia.

The majority of examples of hominin utilization of diverse types of prey during the MP, especially small, 
fast-moving taxa, have been documented at southwestern European  sites18–26,30. Overall, the available data are 
comparatively scarce in southwestern Asia, and most of the evidence comes from the northern and southern 
Levant. Besides a narrow focus on large game hunting, in this region, MP hominins favored the exploitation of 
small, slow-moving game species, such as shellfish, land tortoise, and freshwater  turtle2,3,11–14,110,111. Our analysis 
of the MP faunal assemblages of Ghar-e Boof shows a similar picture. MP hominins probably met most of their 
meat and marrow demands with large game animals, while sessile tortoises could be considered important 
dietary supplements. Instead, birds and carnivores seem to have played a much more marginal role within the 
animal fraction of the hominin diets. If we use the observed diet breadth as an indicator of hunting pressure 
and  demography5,11,12, in southwestern Asia, from the eastern rim of the Mediterranean Sea to the southern 
Zagros Mountains, hominin population densities were consistently low during most of the MP on local and 
regional scales.

In the Zagros Mountains, archaeologists have published zooarchaeological data for the following Late Pleis-
tocene sites with MP deposits (Fig. 1): Eshkaft-e  Gavi48, Kunji  Cave45,48, Kaldar  Cave47, Warwasi  Rockshelter41, 
Ghar-e  Khar43, Kobeh  Cave4,44–46,48, and Shanidar  Cave39,40,42,49. As we mentioned above, the only instance of 
purported hominin harvesting of tortoises in the region might be Shanidar Cave, on the basis of burning dam-
age and relative species  abundances42. Other than that, zooarchaeologists have suggested that during the MP 
hominins targeted ungulates across the Zagros almost exclusively, mostly caprines, along with equids and gazelles, 
but also red deer, roe deer, wild pig, and wild  cattle4,39,40,42–49. Overall, the relative species abundances from these 
MP sites and our analysis are very similar, and a narrow focus on ungulates could reflect both environmental 
constraints and prey  availability48, as well as socioeconomic decisions linked to the optimization of energetic 
return rates by targeting primarily high-ranked  resources5,11,12.

Our taphonomic analysis of the MP faunal remains from Ghar-e Boof suggests that tortoises constituted 
important dietary supplements for hominins, and the occupants of the site only exploited carnivores and possibly 
birds on occasion. Nonetheless, these results still offer new insights on the diversity and flexibility of foraging 
behaviors of MP hominins in the Zagros Mountains. Previously,  Evins42 suggested that the lack of tortoises at 
some Late Pleistocene sites might just attest to local prey availability. However, tortoises (Testudo spp.) are flex-
ible in their habitat requirements, and nowadays they can be found throughout the entire range of the Zagros 
 Mountains112. Chukar partridges, for example, also inhabit a great variety of habitats across the Zagros, includ-
ing stony foothills, bush-covered plains, barren terrains and gullies and wadis in arid  plains108. The ecological 
flexibility of these two species leads us to suggest that different classes of small game taxa must have been avail-
able in the surrounding environments of the above-mentioned sites. Likewise, the taxonomic and taphonomic 
analyses of the remains recovered at Bisotun Cave, Tamtama Cave, and Wezmeh Cave confirmed these sites 
were mainly carnivore  dens48,113. Carnivore remains were also documented at Kobeh Cave and Eshkaft-e  Gavi48, 
indicating that carnivores were either constant threats, potential resources for hominins, or both. Up to now, it 
seems that our understanding of hominin diets and subsistence strategies in the Zagros have been partly biased 
because zooarchaeologists have paid more attention to large game  animals4,43–46,48,49. In addition, scholars have 
demonstrated that archaeologists who originally excavated MP sites during the 1950s or 1960s introduced cer-
tain biases because excavation standards were different compared to modern practices, they did not have access 
to technology such as total stations, or did not retain all the faunal  remains48,49. Recently, new archaeological 
research projects have focused on re-excavating well-known sites, such as Shanidar  Cave76,77, but also excavat-
ing relatively new sites, including Kaldar  Cave47, Ghar-e  Boof58,59 and Bawa Yawan  Rockshelter81, among oth-
ers, with modern excavation techniques. Further investigations are still required, but the complete recovery of 
even the smallest faunal remains from these excavations will almost certainly provide us with new evidence to 
reconstruct more exhaustively the hominin foraging spectrum, and to assess the socioeconomic importance of 
different types of game during the MP in the Zagros. Meanwhile, the faunal remains from the MP sequence of 
Ghar-e Boof represent the first evidence of hominin exploitation of small game and carnivores in the southern 
Zagros Mountains. Even if the use and consumption of some of these taxa were sporadic, our results demonstrate 
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that MP hominins exploited more diverse animals than previously thought in the Zagros region, and is more 
consistent with what is found in other parts of Eurasia.

Methods summary
Archaeologists excavated Ghar-e Boof by 50 cm sub-squares within each squared meter, and in two to three 
cm-deep spits or abträge, following the slope of the  sediments58. Both lithic artifacts and organic remains were 
recorded in three dimensions, along with the orientation for elongated  finds58. In order to allow the retrieval of 
even the smallest animal remains, excavators floated all the sediments and water-screened them using superim-
posed five- and two-mm  mesh58. We identified taxonomically and anatomically the faunal remains recovered 
from Ghar-e Boof with the help of the zooarchaeological reference collection of the University of Tübingen. 
When needed, our identifications were also assisted by osteological atlases and zooarchaeological guides (i.e., 
for  caprines114,115; for  carnivores116; and for  tortoises117; among others), in combination with other unpublished 
electronic manuals and images. Number of identified specimens (NISP) is the basic counting unit in this study 
for estimating taxonomic abundance following  Grayson118’s and  Lyman94,119’s definitions. Here, NISP not only 
includes specimens identified to the lowest possible taxonomic level, such as species, genus, or family, but 
also fragments with less diagnostic features that we assigned to body size groups (e.g., medium bird or small 
 carnivore2). Specimens were recorded following  Stiner120’s coding system for skeletal elements and portions of 
elements, with some minor modifications for Aves and Testudines. Although our zooarchaeological analysis 
is based exclusively on species representation and abundance comparisons by NISP counts and percentages 
of NISP, we estimated the minimum number of individuals (MNI) and provided them in Table S2, in order to 
allow comparisons with other Late Pleistocene faunal collections from the Zagros region for which MNI values 
are available (e.g.,42,113). For the quantification of MNI, we considered the most common element, as well as side 
and age, by  taxon94,118,119, and for each AH.

In order to examine anatomical part representation for the main prey (caprines and medium ungulates), we 
grouped skeletal elements into nine body regions, which constitute logical portions in terms of butchery and 
transport  decisions121. Following  Binford122 and  Stiner121, we calculated MAU by dividing our MNE values by 
the expected MNE in a complete animal skeleton for each different element and body region. We also comple-
ment our analysis of transport and butchery practices with Spearman’s rank-order correlation test to examine 
possible relationships between %MAU (MAUs divided by the highest observed MAU value in our assemblage 
and then multiplied by  100119) and food  utility88, standard food  utility89,  marrow88, and unsaturated  marrow90 
indices. Due to small sample sizes, all the caprine and medium ungulate elements recovered from MP sequence 
were combined. Bone density-mediated attrition was examined by contrasting ungulate tooth- and skull bone-
based MNE  counts1. Considered as a single transportable unit, the head region encompasses both bony and tooth 
elements that are expected to be brought together to a site, and therefore, the ratio between the most abundant 
tooth and bone cranial element based on MNE should be nearly 1:11. Because of the differences in mineral 
composition and structural density, teeth better withstand attritional processes than  bones1,94. As a result, an 
overrepresentation of teeth would indicate that density-mediated attrition had affected a faunal  assemblage1. 
We combined all ungulate taxa together for each layer in this analysis in order to have a more robust  dataset65.

We analyzed bone surface modifications and fractures to identify the main agent of accumulation or modi-
fication of the MP deposits of Ghar-e Boof, and to evaluate other post-depositional processes that may have 
affected the integrity and the interpretative protentional of the archeofaunal assemblage. All bone specimens 
were examined with a 10× hand lens. When the analysis of bone surface modifications required higher resolution 
examination and for photographing the specimens, we used an Olympus SZX7 stereo microscope with a digital 
camera and a Keyence VHX-500FD digital microscope, which offer magnifications from 4× to 336×, and from 
5× to 200× respectively. We distinguished between physical, abiotic, and non-human biological alterations, and 
anthropogenic modifications. As for non-human alterations, we recorded for each specimen the presence/absence 
of weathering damage (e.g., cracks, flaking, and exfoliation), root etching, rounding/abrasion, chemical weath-
ering, sedimentological alterations (sediment concretions and crushing), carnivore damage (e.g., tooth marks, 
crenulation, digestion, and punctures) and rodent gnawing. Our identification of such modifications follows the 
criteria described  by91,93,97. Anthropogenic modifications documented for this study include burning, percussion 
damage, cut marks, bone tools, and green/fresh fractures  (following92–94,97, and references therein). Among the 
fresh fractures, we differentiated between transverse fractures (those that occur when a bone was broken at a 
right angle or perpendicular to its long axis) and splits or spiral fractures (which break the bone parallel to the 
long axis, though spiral fractures also present a helical shape around the circumference of the bone  shaft94,123,124. 
Finally, our interpretation of the different anthropogenic modifications and bone fractures (or their absence) 
are mainly based on ethnographic and experimental studies for  ungulate95,96,98,99,  carnivore103,104, and  bird109 
carcasses, and the corresponding observed butchery behaviors, such as skinning, defleshing, dismemberment, 
and marrow processing.

Data availability
All the data supporting the results and interpretations reported in this paper are available within the main text, 
figures, and tables or as Supplementary Information. For access to the zooarchaeological assemblages from 
Ghar-e Boof temporarily housed at the University of Tübingen, the readers may contact the co-directors of the 
site (N.J.C. and M.Z.).

Received: 31 May 2023; Accepted: 26 October 2023



13

Vol.:(0123456789)

Scientific Reports |        (2023) 13:19006  | https://doi.org/10.1038/s41598-023-45974-8

www.nature.com/scientificreports/

References
 1. Stiner, M. C. Honor Among Thieves: A Zooarchaeological Study of Neandertal Ecology (Princeton University Press, 1994).
 2. Stiner, M. C. The Faunas of Hayonim Cave, Israel: A 200,000 Year Record of Paleolithic Diet, Demography, and Society (Peabody 

Museum Press, 2005).
 3. Stiner, M. C. An unshakable Middle Paleolithic? Trends versus conservatism in the predatory niche and their social ramifica-

tions. Curr. Anthropol. 54, S288–S304. https:// doi. org/ 10. 1086/ 673285 (2013).
 4. Marean, C. W. & Kim, S. Y. Mousterian large-mammal remains from Kobeh Cave. Behavioral implications for Neanderthals 

and early modern humans. Curr. Anthropol. 39, S79–S114. https:// doi. org/ 10. 1086/ 204691 (1998).
 5. Stiner, M. C. & Munro, N. D. Approaches to Prehistoric diet breadth, demography, and prey ranking systems in time and space. 

J. Archaeol. Method Theory 9, 181–214. https:// doi. org/ 10. 1023/A: 10165 30308 865 (2002).
 6. Adler, D. S., Bar-Oz, G., Belfer-Cohen, A. & Bar-Yosef, O. Ahead of the game: Middle and Upper Palaeolithic hunting behaviors 

in the southern Caucasus. Curr. Anthropol. 47, 89–118. https:// doi. org/ 10. 1086/ 432455 (2006).
 7. Speth, J. D. & Tchernov, E. The Middle Palaeolithic occupations at Kebara Cave in Kebara Cave, Mt Carmel, Part 1. The Middle 

and Upper Palaeolithic Archaeology (eds. Bar-Yosef, O. & Meignen, L.) 165–260 (Peabody Museum Press, 2007).
 8. Yeshurun, R., Bar-Oz, G. & Weinstein-Evron, M. Modern hunting behavior in the early Middle Paleolithic: Faunal remains from 

Misliya Cave, Mount Carmel. Isr. J. Hum. Evol. 53, 656–677. https:// doi. org/ 10. 1016/j. jhevol. 2007. 05. 008 (2007).
 9. Niven, L. et al. Neandertal mobility and large-game hunting: The exploitation of reindeer during the Quina Mousterian at Chez-

Pinaud Jonzac (Charente-Maritime, France). J. Hum. Evol. 63, 624–635. https:// doi. org/ 10. 1016/j. jhevol. 2012. 07. 002 (2012).
 10. Starkovich, B. M. Paleolithic subsistence strategies and changes in site use at Klissoura Cave 1 (Peloponnese, Greece). J. Hum. 

Evol. 111, 63–84. https:// doi. org/ 10. 1016/j. jhevol. 2017. 04. 005 (2017).
 11. Stiner, M. C., Munro, N. D., Surovell, T. A., Tchernov, E. & Bar-Yosef, O. Paleolithic population growth pulses evidenced by 

small animal exploitation. Science 283, 190–194. https:// doi. org/ 10. 1126/ scien ce. 283. 5399. 190 (1999).
 12. Stiner, M. C., Munro, N. D. & Surovell, T. A. The tortoise and the hare: Small-game use, the Broad-Spectrum Revolution, and 

Paleolithic demography. Curr. Anthropol. 41, 39–79. https:// doi. org/ 10. 1086/ 300102 (2000).
 13. Speth, J. D. & Tchernov, E. Middle Paleolithic tortoise use at Kebara Cave (Israel). J. Archaeol. Sci. 29, 471–483. https:// doi. org/ 

10. 1006/ jasc. 2001. 0740 (2002).
 14. Biton, R., Sharon, G., Oron, M., Steiner, T. & Rabinovich, R. Freshwater turtle or tortoise? The exploitation of testudines at the 

Mousterian site of Nahal Mahanayeem Outlet, Hula Valley, Israel. J. Archaeol. Sci. Rep. 14, 409–419. https:// doi. org/ 10. 1016/j. 
jasrep. 2017. 05. 058 (2017).

 15. Nabais, M. & Zilhão, J. The consumption of tortoise among Last Interglacial Iberian Neanderthals. Quat. Sci. Rev. 217, 225–246. 
https:// doi. org/ 10. 1016/j. quasc irev. 2019. 03. 024 (2019).

 16. Peresani, M., Fiore, I., Gala, M., Romandini, M. & Tagliacozzo, A. Late Neandertals and the intentional removal of feathers as 
evidenced from bird bone taphonomy at Fumane Cave 44 ky B.P., Italy. Proc. Natl. Acad. Sci. 108, 3888–3893. https:// doi. org/ 
10. 1073/ pnas. 10162 12108 (2011).

 17. Morin, E. & Laroulandie, V. Presumed symbolic use of diurnal raptors by Neanderthals. PLoS ONE 7, e32856. https:// doi. org/ 
10. 1371/ journ al. pone. 00328 56 (2012).

 18. Finlayson, C. et al. Birds of a feather: Neanderthal exploitation of raptors and corvids. PLoS ONE 7, e45927. https:// doi. org/ 10. 
1371/ journ al. pone. 00459 27 (2012).

 19. Blasco, R. et al. The earliest pigeon fanciers. Sci. Rep. 4, 5971. https:// doi. org/ 10. 1038/ srep0 5971 (2014).
 20. Blasco, R., Rosell, J., Rufà, A., Sánchez-Marco, A. & Finlayson, C. Pigeons and choughs, a usual resource for the Neanderthals 

in Gibraltar. Quat. Int. 421, 62–77. https:// doi. org/ 10. 1016/j. quaint. 2015. 10. 040 (2016).
 21. Gómez-Olivencia, A. et al. First data of Neandertal bird and carnivore exploitation in the Cantabrian Region (Axlor; Barandiaran 

excavations; Dima, Biscay, Northern Iberian Peninsula). Sci. Rep. 8, 10551. https:// doi. org/ 10. 1038/ s41598- 018- 28377-y (2018).
 22. Cochard, D., Brugal, J.-P., Morin, E. & Meignen, L. Evidence of small fast game exploitation in the Middle Paleolithic of Les 

Canalettes Aveyron, France. Quat. Int. 264, 32–51. https:// doi. org/ 10. 1016/j. quaint. 2012. 02. 014 (2012).
 23. Carvalho, M., Pereira, T. & Manso, C. Rabbit exploitation in the Middle Paleolithic at Gruta Nova da Columbeira, Portugal. J. 

Archaeol. Sci. Rep. 21, 821–832. https:// doi. org/ 10. 1016/j. jasrep. 2018. 09. 003 (2018).
 24. Morin, E. et al. New evidence of broader diets for archaic Homo populations in the northwestern Mediterranean. Sci. Adv. https:// 

doi. org/ 10. 1126/ sciadv. aav91 06 (2019).
 25. Pelletier, M., Desclaux, E., Brugal, J.-P. & Texier, P.-J. The exploitation of rabbits for food and pelts by last interglacial Neandertals. 

Quat. Sci. Rev. 224, 105972. https:// doi. org/ 10. 1016/j. quasc irev. 2019. 105972 (2019).
 26. Zilhão, J. et al. Last Interglacial Iberian Neandertals as fisher-hunter-gatherers. Science 367, eaaz7943. https:// doi. org/ 10. 1126/ 

scien ce. aaz79 43 (2020).
 27. Blanco-Lapaz, A., Kitagawa, K. & Kind, C. J. Aquatic resources exploitation during the Palaeolithic in the Swabian Jura based 

on fish remains from Hohlenstein-Stadel Cave. Quartär 68, 25–38 (2021).
 28. Gabucio, M. J., Cáceres, I., Rodríguez-Hidalgo, A., Rosell, J. & Saladié, P. A wildcat (Felis silvestris) butchered by Neanderthals in 

Level O of the Abric Romaní site (Capellades, Barcelona, Spain). Quat. Int. 326–327, 307–318. https:// doi. org/ 10. 1016/j. quaint. 
2013. 10. 051 (2014).

 29. Romandini, M. et al. Bears and humans, a Neanderthal tale. Reconstructing uncommon behaviors from zooarchaeological 
evidence in southern Europe. J. Archaeol. Sci. 90, 71–91. https:// doi. org/ 10. 1016/j. jas. 2017. 12. 004 (2018).

 30. Blasco, R. et al. Small animal use by Neanderthals in Updating Neanderthals: Understanding Behavioural Complexity in the 
Late Middle Palaeolithic (eds. Romagnoli, F., Rivals, F. & Benazzi, S.) 123–143 (Elsevier, 2022). https:// doi. org/ 10. 1016/ 
C2019-0- 03240-2.

 31. Morin, E., Bird, D., Winterhalder, B. & Bliege Bird, R. Deconstructing hunting returns: Can we reconstruct and predict payoffs 
from pursuing prey?. J. Archaeol. Method Theory 29, 561–623. https:// doi. org/ 10. 1007/ s10816- 021- 09526-6 (2022).

 32. Kuhn, S. L. & Stiner, M. C. What’s a mother to do? The division of labor among Neanderthals and modern humans in Eurasia. 
Curr. Anthropol. 47, 953–981. https:// doi. org/ 10. 1086/ 507197 (2006).

 33. Kelly, R. L. The Lifeways of Hunter–Gatherers: The Foraging Spectrum (Cambridge University Press, 2013). https:// doi. org/ 10. 
1017/ CBO97 81139 176132.

 34. Blasco, R. et al. Environmental availability, behavioural diversity and diet: A zooarchaeological approach from the TD10-1 
sublevel of Gran Dolina (Sierra de Atapuerca, Burgos, Spain) and Bolomor Cave (Valencia, Spain). Quat. Sci. Rev. 70, 124–144. 
https:// doi. org/ 10. 1016/j. quasc irev. 2013. 03. 008 (2013).

 35. Madsen, D. B. & Schmitt, D. N. Mass collecting and the Diet Breadth Model: A Great Basin example. J. Archaeol. Sci. 25, 445–455. 
https:// doi. org/ 10. 1006/ jasc. 1997. 0245 (1998).

 36. Stiner, M. C. Competition theory and the case for Pleistocene hominin–carnivore coevolution. J. Taphon. 10, 129–145 (2012).
 37. Camarós, E., Münzel, S. C., Cueto, M., Rivals, F. & Conard, N. J. The evolution of Paleolithic hominin–carnivore interaction 

written in teeth: Stories from the Swabian Jura (Germany). J. Archaeol. Sci. Rep. 6, 798–809. https:// doi. org/ 10. 1016/j. jasrep. 
2015. 11. 010 (2016).

https://doi.org/10.1086/673285
https://doi.org/10.1086/204691
https://doi.org/10.1023/A:1016530308865
https://doi.org/10.1086/432455
https://doi.org/10.1016/j.jhevol.2007.05.008
https://doi.org/10.1016/j.jhevol.2012.07.002
https://doi.org/10.1016/j.jhevol.2017.04.005
https://doi.org/10.1126/science.283.5399.190
https://doi.org/10.1086/300102
https://doi.org/10.1006/jasc.2001.0740
https://doi.org/10.1006/jasc.2001.0740
https://doi.org/10.1016/j.jasrep.2017.05.058
https://doi.org/10.1016/j.jasrep.2017.05.058
https://doi.org/10.1016/j.quascirev.2019.03.024
https://doi.org/10.1073/pnas.1016212108
https://doi.org/10.1073/pnas.1016212108
https://doi.org/10.1371/journal.pone.0032856
https://doi.org/10.1371/journal.pone.0032856
https://doi.org/10.1371/journal.pone.0045927
https://doi.org/10.1371/journal.pone.0045927
https://doi.org/10.1038/srep05971
https://doi.org/10.1016/j.quaint.2015.10.040
https://doi.org/10.1038/s41598-018-28377-y
https://doi.org/10.1016/j.quaint.2012.02.014
https://doi.org/10.1016/j.jasrep.2018.09.003
https://doi.org/10.1126/sciadv.aav9106
https://doi.org/10.1126/sciadv.aav9106
https://doi.org/10.1016/j.quascirev.2019.105972
https://doi.org/10.1126/science.aaz7943
https://doi.org/10.1126/science.aaz7943
https://doi.org/10.1016/j.quaint.2013.10.051
https://doi.org/10.1016/j.quaint.2013.10.051
https://doi.org/10.1016/j.jas.2017.12.004
https://doi.org/10.1016/C2019-0-03240-2
https://doi.org/10.1016/C2019-0-03240-2
https://doi.org/10.1007/s10816-021-09526-6
https://doi.org/10.1086/507197
https://doi.org/10.1017/CBO9781139176132
https://doi.org/10.1017/CBO9781139176132
https://doi.org/10.1016/j.quascirev.2013.03.008
https://doi.org/10.1006/jasc.1997.0245
https://doi.org/10.1016/j.jasrep.2015.11.010
https://doi.org/10.1016/j.jasrep.2015.11.010


14

Vol:.(1234567890)

Scientific Reports |        (2023) 13:19006  | https://doi.org/10.1038/s41598-023-45974-8

www.nature.com/scientificreports/

 38. Shoaee, M. J., Vahdati Nasab, H. & Petraglia, M. D. The Paleolithic of the Iranian Plateau: Hominin occupation history and 
implications for human dispersals across southern Asia. J. Anthropol. Archaeol. 62, 101292. https:// doi. org/ 10. 1016/j. jaa. 2021. 
101292 (2021).

 39. Solecki, R. S. Prehistory in Shanidar Valley, northern Iraq. Science 139, 179–193. https:// doi. org/ 10. 1126/ scien ce. 139. 3551. 179 
(1963).

 40. Perkins, D. Prehistoric fauna from Shanidar, Iraq. Science 144, 1565–1566. https:// doi. org/ 10. 1126/ scien ce. 144. 3626. 1565 (1964).
 41. Turnbull, P. F. The mammalian fauna of Warwasi rock shelter, West-central Iran. Fieldiana Geol. 33, 141–155. https:// doi. org/ 

10. 5962/ bhl. title. 5352 (1975).
 42. Evins, M. A. The Fauna from Shanidar Cave: Mousterian wild goat exploitation in Northeastern Iraq. Paléorient 8, 37–58. https:// 

doi. org/ 10. 3406/ paleo. 1982. 4308 (1982).
 43. Hesse, B. Paleolithic faunal remains from Ghar-i Khar, western Iran in Early Animal Domestication and its Cultural Context (eds. 

Crabtree, P. J., Campana, D. & Ryan, K.) 37–45 (MASCA, the University Museum of Archaeology and Anthropology. University 
of Pennsylvania, 1989).

 44. Marean, C. W. & Frey, C. J. Animal bones from caves to cities: Reverse utility curves as methodological artifacts. Am. Antiq. 62, 
698–711. https:// doi. org/ 10. 2307/ 281887 (1997).

 45. Cleghorn, N. & Marean, C. W. Distinguishing selective transport and in situ attrition: A critical review of analytical approaches. 
J. Taphon. 2, 43–68 (2004).

 46. Marean, C. W. A critique of the evidence for scavenging by Neandertals and early modern humans: New data from Kobeh Cave 
(Zagros Mountains, Iran) and Die Kelders Cave 1 Layer 10 (South Africa). J. Hum. Evol. 35, 111–136. https:// doi. org/ 10. 1006/ 
jhev. 1998. 0224 (1998).

 47. Bazgir, B. et al. Understanding the emergence of modern humans and the disappearance of Neanderthals: Insights from Kaldar 
Cave (Khorramabad Valley, Western Iran). Sci. Rep. 7, 43460. https:// doi. org/ 10. 1038/ srep4 3460 (2017).

 48. Hodgkins, J. M. & Marean, C. W. New information from old excavations: A comparative analysis of Paleolithic zooarchaeologi-
cal assemblages from the Zagros Mountains in The Pleistocene Archaeology of the Iranian Plateau, Iraq and the Caucasus (eds. 
Biglari, F., Mashkour, M. & Shidrang, S.) (National Museum of Iran, 2017).

 49. Campana, D. V. & Crabtree, P. Evidence for skinning and craft activities from the Middle Paleolithic of Shanidar Cave, Iraq. 
J. Archaeol. Sci. Rep. 25, 7–14. https:// doi. org/ 10. 1016/j. jasrep. 2019. 03. 024 (2019).

 50. Heydari, M., Guérin, G., Zeidi, M. & Conard, N. J. Bayesian luminescence dating at Ghār-e Boof, Iran, provides a new chronol-
ogy for Middle and Upper Paleolithic in the southern Zagros. J. Hum. Evol. 151, 102926. https:// doi. org/ 10. 1016/j. jhevol. 2020. 
102926 (2021).

 51. Heydari-Guran, S. Paleolithic Landscapes of Iran (BAR International Series, 2014).
 52. Heydari-Guran, S. Tracking Upper Pleistocene human dispersals into the Iranian Plateau: A geoarchaeological model in Human 

Origin Sites and the World Heritage Convention in Eurasia, Heads 4 (ed. Sanz, N.) vol. 1 40–53 (UNESCO Office, 2015).
 53. Conard, N. J. & Ghasidian, E. The Rostamian cultural group and the taxonomy of the Iranian Upper Palaeolithic in Between 

Sand and Sea: The Archaeology and Human Ecology of Southwestern Asia (eds. Conard, N. J., Drechsler, P. & Morales, A.) 33–52 
(Kerns Verlag, 2011).

 54. Nowroozi, R. Archaeological Survey of Prehistoric Localities in Nourabad Mmasani Plain (University of Tehran, 1997) in Farsi.
 55. Conard, N. J., Ghasidian, E., Heydari, S. & Zeidi, M. Report on the 2005 survey of the Tübingen Iranian Stone Age Research 

Project in the Provinces of Esfahan, Fars and Kohgiluyeh-Boyerahmad in Archaeological Reports 5 (ed. Azarnoush, M.) 9–34 
(Iranian Center for Archaeological Research, 2006).

 56. Zeidi, M., McCall, B. & Khosrowzadeh, A. Survey of Dasht-e Rostam-e Yek and Dasht-e Rostam-e Do in The Mamasani 
Archaeological Project Stage One: A Report on the First Two Seasons of the Iranian Center for Archaeological Research—University 
of Sydney Expedition to the Mamasani District, Fars Province, Iran (eds. Potts, D. T. & Roustaei, K.) 147–168 (Iranian Center for 
Archaeological research, 2006).

 57. Conard, N. J., Ghasidian, E., Heydari, S., Naderi, R. & Zeidi, M. The 2006 season of the Tübingen-Iranian Stone Age Research 
Project in the Provinces of Fars and Markazi in 9th Annual Report of Archaeological Organisation (ed. Fazeli, H.) 43–67 (Iranian 
Center for Archaeological Research, 2007).

 58. Conard, N. J. & Zeidi, M. New research on the Paleolithic occupation of Ghar-e Boof, Fars Province. J. Iran. Center Archaeol. 
Res. 2, 7–16 (2019).

 59. Zeidi, M. & Conard, N. J. The fourth season of excavation at Ghar-e Boof, Rostam County, Fars Province in 16th Annual Sym-
posium of the Iranian Archaeology (ed. Shirazi, R. A.) 234–238 (Iranian Center for Archaeological Research, 2019) in Farsi.

 60. Schilt, F. C. Micromorphology of Upper Paleolithic and Historic Sediments from Boof Cave, Iran (University of Tubingen, 2011).
 61. Blanco-Lapaz, A., Mata-González, M., Starkovich, B. M., Zeidi, M. & Conard, N. J. Late Pleistocene environments in the southern 

Zagros of Iran and their implications for human evolution. Archaeol. Anthropol. Sci. 14, 161. https:// doi. org/ 10. 1007/ s12520- 
022- 01615-1 (2022).

 62. Baines, J. A., Riehl, S., Conard, N. J. & Zeidi, M. Upper Palaeolithic archaeobotany of Ghar-e Boof cave, Iran: A case study in 
site disturbance and methodology. Archaeol. Anthropol. Sci. 7, 245–256. https:// doi. org/ 10. 1007/ s12520- 014- 0191-6 (2015).

 63. Becerra-Valdivia, L. et al. Chronometric investigations of the Middle to Upper Paleolithic transition in the Zagros Mountains 
using AMS radiocarbon dating and Bayesian age modelling. J. Hum. Evol. 109, 57–69. https:// doi. org/ 10. 1016/j. jhevol. 2017. 05. 
011 (2017).

 64. Ghasidian, E., Bretzke, K. & Conard, N. J. Excavations at Ghār-e Boof in the Fars Province of Iran and its bearing on models for 
the evolution of the Upper Palaeolithic in the Zagros Mountains. J. Anthropol. Archaeol. 47, 33–49. https:// doi. org/ 10. 1016/j. 
jaa. 2017. 03. 001 (2017).

 65. Mata-González, M., Starkovich, B. M., Zeidi, M. & Conard, N. J. New zooarchaeological perspectives on the early Upper Paleo-
lithic Rostamian sequence of Ghar-e Boof (southern Zagros Mountains, Iran). Quat. Sci. Rev. 279, 107350. https:// doi. org/ 10. 
1016/j. quasc irev. 2021. 107350 (2022).

 66. Bretzke, K. & Conard, N. J. Not just a crossroad: Population dynamics and changing material culture in southwestern Asia during 
the Late Pleistocene. Curr. Anthropol. 58, S449–S462. https:// doi. org/ 10. 1086/ 694077 (2017).

 67. Otte, M., Shidrang, S., Zwyns, N. & Flas, D. New radiocarbon dates for the Zagros Aurignacian from Yafteh cave, Iran. J. Hum. 
Evol. 61, 340–346. https:// doi. org/ 10. 1016/j. jhevol. 2011. 05. 011 (2011).

 68. Goder-Goldberger, M. & Malinsky-Buller, A. The initial Upper Paleolithic and its place within the Middle-to-Upper Paleolithic 
transition of Southwest Asia: What hides behind the curtain of taxonomies? J. Paleolit. Archaeol. 5, 2. https:// doi. org/ 10. 1007/ 
s41982- 022- 00112-0 (2022).

 69. Scott, J. E. & Marean, C. W. Paleolithic hominin remains from Eshkaft-e Gavi (southern Zagros Mountains, Iran): Description, 
affinities, and evidence for butchery. J. Hum. Evol. 57, 248–259. https:// doi. org/ 10. 1016/j. jhevol. 2009. 05. 012 (2009).

 70. Tsanova, T. The beginning of the Upper Paleolithic in the Iranian Zagros. A taphonomic approach and techno-economic com-
parison of early Baradostian assemblages from Warwasi and Yafteh (Iran). J. Hum. Evol. 65, 39–64. https:// doi. org/ 10. 1016/j. 
jhevol. 2013. 04. 005 (2013).

 71. Trinkaus, E. Pleistocene human remains from Iran in The Pleistocene Archaeology of the Iranian Plateau, Iraq and the Caucasus 
(eds. Biglari, F., Shidrang, S. & Mashkour, M.) 53–63 (National Museum of Iran, 2018).

https://doi.org/10.1016/j.jaa.2021.101292
https://doi.org/10.1016/j.jaa.2021.101292
https://doi.org/10.1126/science.139.3551.179
https://doi.org/10.1126/science.144.3626.1565
https://doi.org/10.5962/bhl.title.5352
https://doi.org/10.5962/bhl.title.5352
https://doi.org/10.3406/paleo.1982.4308
https://doi.org/10.3406/paleo.1982.4308
https://doi.org/10.2307/281887
https://doi.org/10.1006/jhev.1998.0224
https://doi.org/10.1006/jhev.1998.0224
https://doi.org/10.1038/srep43460
https://doi.org/10.1016/j.jasrep.2019.03.024
https://doi.org/10.1016/j.jhevol.2020.102926
https://doi.org/10.1016/j.jhevol.2020.102926
https://doi.org/10.1007/s12520-022-01615-1
https://doi.org/10.1007/s12520-022-01615-1
https://doi.org/10.1007/s12520-014-0191-6
https://doi.org/10.1016/j.jhevol.2017.05.011
https://doi.org/10.1016/j.jhevol.2017.05.011
https://doi.org/10.1016/j.jaa.2017.03.001
https://doi.org/10.1016/j.jaa.2017.03.001
https://doi.org/10.1016/j.quascirev.2021.107350
https://doi.org/10.1016/j.quascirev.2021.107350
https://doi.org/10.1086/694077
https://doi.org/10.1016/j.jhevol.2011.05.011
https://doi.org/10.1007/s41982-022-00112-0
https://doi.org/10.1007/s41982-022-00112-0
https://doi.org/10.1016/j.jhevol.2009.05.012
https://doi.org/10.1016/j.jhevol.2013.04.005
https://doi.org/10.1016/j.jhevol.2013.04.005


15

Vol.:(0123456789)

Scientific Reports |        (2023) 13:19006  | https://doi.org/10.1038/s41598-023-45974-8

www.nature.com/scientificreports/

 72. Solecki, R. S. Shanidar IV, a Neanderthal Flower Burial in Northern Iraq. Science 190, 880–881. https:// doi. org/ 10. 1126/ scien 
ce. 190. 4217. 880 (1975).

 73. Trinkaus, E. The Shanidar Neandertals (Academic Press, 1983). https:// doi. org/ 10. 1016/ C2013-0- 11620-0.
 74. Cowgill, L. W., Trinkaus, E. & Zeder, M. A. Shanidar 10: A Middle Paleolithic immature distal lower limb from Shanidar Cave, 

Iraqi Kurdistan. J. Hum. Evol. 53, 213–223. https:// doi. org/ 10. 1016/j. jhevol. 2007. 04. 003 (2007).
 75. Churchill, S. E., Franciscus, R. G., McKean-Peraza, H. A., Daniel, J. A. & Warren, B. R. Shanidar 3 Neandertal rib puncture 

wound and paleolithic weaponry. J. Hum. Evol. 57, 163–178. https:// doi. org/ 10. 1016/j. jhevol. 2009. 05. 010 (2009).
 76. Pomeroy, E. et al. Newly discovered Neanderthal remains from Shanidar Cave, Iraqi Kurdistan, and their attribution to Shanidar 

5. J. Hum. Evol. 111, 102–118. https:// doi. org/ 10. 1016/j. jhevol. 2017. 07. 001 (2017).
 77. Pomeroy, E. et al. New Neanderthal remains associated with the ‘flower burial’ at Shanidar Cave. Antiquity 94, 11–26. https:// 

doi. org/ 10. 15184/ aqy. 2019. 207 (2020).
 78. Trinkaus, E. & Villotte, S. External auditory exostoses and hearing loss in the Shanidar 1 Neandertal. PLoS ONE 12, e0186684. 

https:// doi. org/ 10. 1371/ journ al. pone. 01866 84 (2017).
 79. Trinkaus, E. & Biglari, F. Middle Paleolithic Human Remains from Bisitun Cave, Iran. Paléorient 32, 105–111. https:// doi. org/ 

10. 3406/ paleo. 2006. 5192 (2006).
 80. Zanolli, C. et al. A Neanderthal from the Central Western Zagros, Iran. Structural reassessment of the Wezmeh 1 maxillary 

premolar. J. Hum. Evol. 135, 102643. https:// doi. org/ 10. 1016/j. jhevol. 2019. 102643 (2019).
 81. Heydari-Guran, S. et al. The discovery of an in situ Neanderthal remain in the Bawa Yawan Rockshelter, West-Central Zagros 

Mountains, Kermanshah. PLoS ONE 16, e0253708. https:// doi. org/ 10. 1371/ journ al. pone. 02537 08 (2021).
 82. Hershkovitz, I. et al. Levantine cranium from Manot Cave (Israel) foreshadows the first European modern humans. Nature 520, 

216–219. https:// doi. org/ 10. 1038/ natur e14134 (2015).
 83. Hershkovitz, I. et al. The earliest modern humans outside Africa. Science 359, 456–459. https:// doi. org/ 10. 1126/ scien ce. aap83 

69 (2018).
 84. Weber, G. W. et al. Before the massive modern human dispersal into Eurasia: A 55,000-year-old partial cranium from Manot 

Cave, Israel. Quat. Int. 551, 29–39. https:// doi. org/ 10. 1016/j. quaint. 2019. 10. 009 (2020).
 85. Valladas, H. et al. TL Dates for the Neanderthal Site of the Amud Cave, Israel. J. Archaeol. Sci. 26, 259–268. https:// doi. org/ 10. 

1006/ jasc. 1998. 0334 (1999).
 86. Been, E. et al. The first Neanderthal remains from an open-air Middle Palaeolithic site in the Levant. Sci. Rep. 7, 2958. https:// 

doi. org/ 10. 1038/ s41598- 017- 03025-z (2017).
 87. Goring-Morris, A. N. & Belfer-Cohen, A. Noisy beginnings: The initial Upper Palaeolithic in Southwest Asia. Quat. Int. 551, 

40–46. https:// doi. org/ 10. 1016/j. quaint. 2020. 01. 017 (2020).
 88. Emerson, A. M. The role of body part utility in small-scale hunting under two strategies of carcass recovery in From Bones to 

Behavior. Ethnoarchaeological and Experimental Contributions to the Interpretation of Faunal Remains (ed. Hudson, J.) 138–155 
(Center for Archaeological Investigation. Southern Illinois University, 1993).

 89. Metcalfe, D. & Jones, K. T. A reconsideration of animal body-part utility indices. Am. Antiq. 53, 486–504. https:// doi. org/ 10. 
2307/ 281213 (1988).

 90. Morin, E. Fat composition and Nunamiut decision-making: A new look at the marrow and bone grease indices. J. Archaeol. Sci. 
34, 69–82. https:// doi. org/ 10. 1016/j. jas. 2006. 03. 015 (2007).

 91. Behrensmeyer, A. K. Taphonomic and ecologic information from bone weathering. Paleobiology 4, 150–162. https:// doi. org/ 10. 
1017/ S0094 83730 00058 20 (1978).

 92. Stiner, M. C., Kuhn, S. L., Weiner, S. & Bar-Yosef, O. Differential burning, recrystallization, and fragmentation of archaeological 
bone. J. Archaeol. Sci. 22, 223–237. https:// doi. org/ 10. 1006/ jasc. 1995. 0024 (1995).

 93. Fernandez-Jalvo, Y. & Andrews, P. Atlas of Taphonomic Identifications. Springer https:// doi. org/ 10. 1007/ 978- 94- 017- 7432-1 
(2016).

 94. Lyman, R. L. Vertebrate Taphonomy (Cambridge University Press, 1994). https:// doi. org/ 10. 1017/ CBO97 81139 878302.
 95. Binford, L. R. Nunamiut Ethnoarchaeology (Academic Press, 1978).
 96. Binford, L. R. Ancient Men and Modern Myths (Academic Press, 1981).
 97. Fisher, J. W. Bone surface modifications in zooarchaeology. J. Archaeol. Method Theory 2, 7–68. https:// doi. org/ 10. 1007/ BF022 

28434 (1995).
 98. Galán, A. B. & Domínguez-Rodrigo, M. An experimental study of the anatomical distribution of cut marks created by filleting 

and disarticulation on long bone ends. Archaeometry 55, 1132–1149. https:// doi. org/ 10. 1111/j. 1475- 4754. 2012. 00730.x (2013).
 99. Soulier, M.-C. & Costamagno, S. Let the cutmarks speak! Experimental butchery to reconstruct carcass processing. J. Archaeol. 

Sci. Rep. 11, 782–802. https:// doi. org/ 10. 1016/j. jasrep. 2016. 12. 033 (2017).
 100. Firouz, E. The Complete Fauna of Iran (I.B. Tauris & Co. Ltd., 2005). https:// doi. org/ 10. 5040/ 97807 55612 215.
 101. Karami, M., Ghadirian, T. & Faizolahi, K. The Atlas of Mammals of Iran (Department of Environment of Iran, 2016).
 102. Thompson, J. C. & Henshilwood, C. S. Tortoise taphonomy and tortoise butchery patterns at Blombos Cave, South Africa. J. 

Archaeol. Sci. 41, 214–229. https:// doi. org/ 10. 1016/j. jas. 2013. 08. 017 (2014).
 103. Val, A. & Mallye, J.-B. Small carnivore skinning by professionals: Skeletal modifications and implications for the European Upper 

Palaeolithic. J. Taphon. 9, 221–243 (2011).
 104. Crezzini, J., Boschin, F., Boscato, P. & Wierer, U. Wild cats and cut marks: Exploitation of Felis silvestris in the Mesolithic of 

Galgenbühel/Dos de la Forca (South Tyrol, Italy). Quat. Int. 330, 52–60. https:// doi. org/ 10. 1016/j. quaint. 2013. 12. 056 (2014).
 105. Val, A., Porraz, G., Texier, P.-J., Fisher, J. W. & Parkington, J. Human exploitation of nocturnal felines at Diepkloof Rock Shelter 

provides further evidence for symbolic behaviours during the Middle Stone Age. Sci. Rep. 10, 6424. https:// doi. org/ 10. 1038/ 
s41598- 020- 63250-x (2020).

 106. Boren, J. C. & Hurd, B. J. How to Prepare Hides, Guide L-101 (New Mexico State University, 2004).
 107. Verheijen, I., Starkovich, B. M., Serangeli, J., van Kolfschoten, T. & Conard, N. J. Early evidence for bear exploitation during 

MIS 9 from the site of Schöningen 12 (Germany). J. Hum. Evol. 103294. https:// doi. org/ 10. 1016/j. jhevol. 2022. 103294 (2022).
 108. Kaboli, M. et al. Atlas of Birds of Iran (Department of Environment of Iran, 2016).
 109. Val, A., de la Peña, P. & Wadley, L. Direct evidence for human exploitation of birds in the Middle Stone Age of South Africa: 

The example of Sibudu Cave, KwaZulu-Natal.J. Hum. Evol. 99, 107–123. https:// doi. org/ 10. 1016/j. jhevol. 2016. 07. 007 (2016).
 110. Stiner, M. Prey choice, site occupation intensity & economic diversity in the Middle—early Upper Palaeolithic at the Üçağizli 

Caves, Turkey. Before Farm. 3, 1–20. https:// doi. org/ 10. 3828/ bfarm. 2009.3.3 (2009).
 111. Crater Gershtein, K. M., Zaidner, Y. & Yeshurun, R. A campsite on the open plain: Zooarchaeology of Unit III at the Middle 

Paleolithic site of Nesher Ramla, Israel. Quat. Int. 624, 49–66. https:// doi. org/ 10. 1016/j. quaint. 2020. 01. 026 (2022).
 112. Mozaffari, O., Kamali, K. & Fahimi, H. The Atlas of Reptiles of Iran (Department of Environment of Iran, 2016).
 113. Mashkour, M. et al. Carnivores and their prey in the Wezmeh Cave (Kermanshah, Iran): A Late Pleistocene refuge in the Zagros. 

Int. J. Osteoarchaeol. 19, 678–694. https:// doi. org/ 10. 1002/ oa. 997 (2009).
 114. Zeder, M. A. & Lapham, H. A. Assessing the reliability of criteria used to identify postcranial bones in sheep, Ovis, and goats, 

Capra. J. Archaeol. Sci. 37, 2887–2905. https:// doi. org/ 10. 1016/j. jas. 2010. 06. 032 (2010).
 115. Zeder, M. A. & Pilaar, S. E. Assessing the reliability of criteria used to identify mandibles and mandibular teeth in sheep, Ovis, 

and goats, Capra. J. Archaeol. Sci. 37, 225–242. https:// doi. org/ 10. 1016/j. jas. 2009. 10. 002 (2010).

https://doi.org/10.1126/science.190.4217.880
https://doi.org/10.1126/science.190.4217.880
https://doi.org/10.1016/C2013-0-11620-0
https://doi.org/10.1016/j.jhevol.2007.04.003
https://doi.org/10.1016/j.jhevol.2009.05.010
https://doi.org/10.1016/j.jhevol.2017.07.001
https://doi.org/10.15184/aqy.2019.207
https://doi.org/10.15184/aqy.2019.207
https://doi.org/10.1371/journal.pone.0186684
https://doi.org/10.3406/paleo.2006.5192
https://doi.org/10.3406/paleo.2006.5192
https://doi.org/10.1016/j.jhevol.2019.102643
https://doi.org/10.1371/journal.pone.0253708
https://doi.org/10.1038/nature14134
https://doi.org/10.1126/science.aap8369
https://doi.org/10.1126/science.aap8369
https://doi.org/10.1016/j.quaint.2019.10.009
https://doi.org/10.1006/jasc.1998.0334
https://doi.org/10.1006/jasc.1998.0334
https://doi.org/10.1038/s41598-017-03025-z
https://doi.org/10.1038/s41598-017-03025-z
https://doi.org/10.1016/j.quaint.2020.01.017
https://doi.org/10.2307/281213
https://doi.org/10.2307/281213
https://doi.org/10.1016/j.jas.2006.03.015
https://doi.org/10.1017/S0094837300005820
https://doi.org/10.1017/S0094837300005820
https://doi.org/10.1006/jasc.1995.0024
https://doi.org/10.1007/978-94-017-7432-1
https://doi.org/10.1017/CBO9781139878302
https://doi.org/10.1007/BF02228434
https://doi.org/10.1007/BF02228434
https://doi.org/10.1111/j.1475-4754.2012.00730.x
https://doi.org/10.1016/j.jasrep.2016.12.033
https://doi.org/10.5040/9780755612215
https://doi.org/10.1016/j.jas.2013.08.017
https://doi.org/10.1016/j.quaint.2013.12.056
https://doi.org/10.1038/s41598-020-63250-x
https://doi.org/10.1038/s41598-020-63250-x
https://doi.org/10.1016/j.jhevol.2022.103294
https://doi.org/10.1016/j.jhevol.2016.07.007
https://doi.org/10.3828/bfarm.2009.3.3
https://doi.org/10.1016/j.quaint.2020.01.026
https://doi.org/10.1002/oa.997
https://doi.org/10.1016/j.jas.2010.06.032
https://doi.org/10.1016/j.jas.2009.10.002


16

Vol:.(1234567890)

Scientific Reports |        (2023) 13:19006  | https://doi.org/10.1038/s41598-023-45974-8

www.nature.com/scientificreports/

 116. Pales, L. & Garcia, M. A. Atlas Ostéologique pour Servir à l’Identification des Mammifères du Quaternaire II. Tête, Rachis, Ceintures 
Scapulaire et Pelvienne, Membres: Carnivores, Homme (Centre National de la Recherche Scientifique, 1981).

 117. Hervet, S. Tortues du Quaternaire de France: Critères de détermination, répartition chronologique el géographique. Mésogée 
58, 3–57 (2000).

 118. Grayson, D. K. Quantitative Zooarchaeology (Academic Press, 1984). https:// doi. org/ 10. 1016/ C2009-0- 21855-1.
 119. Lyman, R. L. Quantitative Paleozoology (Cambridge University Press, 2008). https:// doi. org/ 10. 1017/ CBO97 80511 813863.
 120. Stiner, M. C. On in situ attrition and vertebrate body part profiles. J. Archaeol. Sci. 29, 979–991. https:// doi. org/ 10. 1006/ jasc. 

2001. 0798 (2002).
 121. Stiner, M. C. Food procurement and transport by human and non-human predators. J. Archaeol. Sci. 18, 455–482. https:// doi. 

org/ 10. 1016/ 0305- 4403(91) 90038-Q (1991).
 122. Binford, L. R. Faunal Remains from Klasies River Mouth (Academic Press, 1984).
 123. Johnson, E. Current developments in bone technology in Advances in Archaeological Method and Theory (ed. Schiffer, M. B.) 

vol. 8 157–235 (Academic Press, 1985). https:// doi. org/ 10. 1016/ B978-0- 12- 003108- 5. 50010-5.
 124. Gifford-Gonzalez, D. P. Ethnographic analogues for interpreting modified bones: Some cases from East Africa in Bone Modifica-

tion (eds. Bonnichsen, R. & Sorg, M. H.) 179–246 (Center for the Study of the First Americans, University of Maine, 1989).

Acknowledgements
Excavations at Ghar-e Boof were supported by a grant from the Deutsche Forschungsgemeinschaft (CO 226/30-
1), and the project Role of Culture in Early Expansions of Humans (ROCEEH) of the Heidelberg Academy of 
Science and Humanities. M.M.-G. was the beneficiary of a research grant awarded to N.J.C. from the Ministerium 
für Wissenschaft, Forschung und Kunst Baden-Württemberg as part of the Evolution of Cultural Modernity 
Project at the University of Tübingen. As part of the University of Tübingen-Connecticut (TÜConn) graduate 
student exchange program, the University of Connecticut’s Office of Global Affairs also provided funding for 
M.M.-G. Senckenberg Centre for Human Evolution and Palaeoenvironment, alongside the University of Tübin-
gen, supported us during our work. The Iranian Center for Archaeological Research (ICAR), and the Research 
Institute of Cultural Heritage and Tourism (RICHT) granted us permission to excavate and investigate in Iran, 
and their support is acknowledged here. We are grateful to all members of the Tübingen-Iranian Stone Age 
Research Project Team, and in particular, Saman Hamzavi, for their contributions and assistance during the 
excavations, water-screening, and sorting of the recovered material. Special thanks to Ángel Blanco-Lapaz, not 
only for sorting the identifiable specimens included in this study, but also for creating and assembling Figs. 2 to 
5, and Figs. S2, S3, S5 and S6. In addition, we are very thankful to Natalie D. Munro and Nicholas A. Gonzalez 
for their constructive comments and suggestions on previous versions of this paper. Finally, we acknowledge 
support from the Open Access Publishing Fund of the University of Tübingen.

Author contributions
M.M.-G., B.M.S., and N.J.C. designed the research. M.M.-G. analyzed the faunal assemblage under the supervi-
sion of B.M.S.; N.J.C. and M.Z. directed and carried out excavations at the site, and provided contextual data. M.Z. 
is the author of Figs. 1, 2a, c and d, while the photo used in Fig. 2b was taken by N.J.C.; M.M.-G. photographed 
all the general and close-up views of the faunal remains included in Figs. 3, 4, 5, and in the Supplementary 
Information section (but see Acknowledgments). Finally, M.M.-G. wrote the original manuscript, and all the 
authors contributed to the review and editing of the paper.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 45974-8.

Correspondence and requests for materials should be addressed to M.M.-G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1016/C2009-0-21855-1
https://doi.org/10.1017/CBO9780511813863
https://doi.org/10.1006/jasc.2001.0798
https://doi.org/10.1006/jasc.2001.0798
https://doi.org/10.1016/0305-4403(91)90038-Q
https://doi.org/10.1016/0305-4403(91)90038-Q
https://doi.org/10.1016/B978-0-12-003108-5.50010-5
https://doi.org/10.1038/s41598-023-45974-8
https://doi.org/10.1038/s41598-023-45974-8
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Evidence of diverse animal exploitation during the Middle Paleolithic at Ghar-e Boof (southern Zagros)
	Geographical, archaeological, and chronological setting
	Data presentation and results
	Species representation
	Skeletal element representation and bone surface modifications

	Discussion and conclusions
	Methods summary
	References
	Acknowledgements


