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			Understanding how hunter-gatherers adapted to the marked environmental changes of the last glacial-interglacial transition (~18 to 11.7 ka cal. BP) remains a key question for archaeologists. South Africa, with its rich and well-preserved archaeological sequences, has a major role to play in this study. Reconstructing the subsistence strategies of people during the Later Stone Age (LSA) is crucial for investigating human–environment interactions at this period in South Africa, yet data are scarce. Recent excavations at a new LSA site, Klipdrift Cave, in the southern Cape, revealed c. 14–11 ka levels with excellent faunal preservation associated with an Oakhurst lithic industry. Taphonomic and zooarchaeological analyses of these levels show an almost exclusive accumulation of large mammal remains by LSA groups, with evidence of meat removal, marrow extraction, fire use and the preferential import of nutritious elements back to the site. Large mammals from the site indicate a relatively stable environment dominated by open grasslands that is in accordance with isotopic analyses, with only subtle diachronic variability. Comparison of faunal dynamics with changes in lithic industries, shellfish density and composition reflects complex, asynchronous changes in the macromammal, micromammal, shellfish and lithic records throughout the Oakhurst levels. Rather than evidence of a strong impact of global climate change, Klipdrift Cave shows subtle shifts in subsistence patterns and technology that are better explained by internal societal dynamics and the history of the Oakhurst techno-complex, or local changes in site occupation and direct environment. 

			Significance

			•LSA archaeological sequences can document the impact of the marked environmental changes of the Pleistocene–Holocene transition on hunter-gatherer societies. Studies of past subsistence strategies are central to our understanding of human–environment interactions in these contexts.

			•Zooarchaeological, taphonomical and palaeoecological analyses of the large mammal remains from the excavated LSA sequence at Klipdrift Cave provide new data on these interactions. The data highlight asynchronous changes in subsistence patterns, lithic technology and local environment, supporting a complex interplay between climate change, local environment, societal changes and human prehistory.

			•Klipdrift Cave data set also shows that excavation and analytical choices can strongly bias faunal analysis and environmental reconstructions based thereon.
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			Introduction

			Archaeologists have long tried to understand how hunter-gatherers adapted to the marked environmental changes that characterised the last glacial-interglacial transition from 18 to 11.7 ka cal. BP internationally and in South Africa.1 Such studies are hindered by the scarcity of reliable data on the subsistence strategies of human populations during this period named the Later Stone Age (LSA) in southern Africa. In 2010 and 2011, we (C.S.H. and K.L.v.N.) excavated a new site located in the southern Cape: Klipdrift Cave. Faunal preservation at the site is excellent, and the remains of a number of taxa were excavated, of which shellfish and tortoise are the most abundant,2–4 together with remains of dune mole rat, hyrax, micromammals, fish, birds (including ostriches and raptors) and large mammals. The latter are unpublished and form the focus of this study. Zooarchaeological analysis of large mammal remains allows us to provide new data on subsistence strategies and faunal exploitation patterns by LSA hunter-gatherers during the c. 14–11 ka Oakhurst lithic techno-complex in the southern Cape, showing that environmental change around the Late Pleistocene–Holocene transition cannot be simplistically linked to changes in subsistence and technology. 

			Material and methods

			Klipdrift Cave site and stratigraphy

			The Klipdrift Complex (34°27.0963’S, 20°43.4582’E), located on the coast of the southern Cape in the De Hoop Nature Reserve (Figure 1a), comprises three sectors (Figure 1b): Klipdrift Shelter (KDS, with Middle Stone Age c. 66–59 ka Howiesons Poort deposits), Klipdrift Cave (KDC) and Klipdrift Cave Lower (KDCL c. 70 ka). KDC, the focus of this paper, consists of several superimposed LSA layers containing hearths, stone and bone artefacts, ostrich eggshell beads, ochre and abundant faunal remains (macro- and micromammals, shellfish, fish, tortoise and bird). KDC, set in a steep quartzite cliff is c. 17 m above sea level and next to a rocky shoreline with few sandy beaches. Detailed information about the site context are available in Ryano et al.3 and Henshilwood et al.5 

			KDC was excavated in 2010 and 2011 over an area of 2.75 m2 (Figure 1c). Excavation was done by brush and trowel in 50x50-cm quadrates, and a Trimble VX Total Station was used to plot key artefacts and features. KDC layers are named, from top to bottom, JY, JYA, JZ, JZA, JZB, KAB, KAC, KAD and KAE (Figure 1d). Five accelerator mass spectrometry radiocarbon dates on charcoal samples place the site’s occupations between 13.8 and 10.7 ka cal. BP (Figure 1e). Typo-technological analysis identified a homogeneous lithic industry pertaining to the early phases of the Oakhurst lithic techno-complex.2,3
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			Figure 1:	(a) General location and (b) map (modified from Henshilwood et al.5) of the Klipdrift Complex. (c) Klipdrift Cave (KDC) excavation map (with quadrates included in the ‘main sample’ marked by a cross, cf. section 2.2), (d) stratigraphy and (e) radiocarbon dates (calibrated in OxCal with the SHCal13 curve25).
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			Faunal sample

			All plotted remains of large mammals (i.e. larger than hyrax) were included in this study, as well as fragments of large mammals from coarse fractions (sieve residues) from a selection of quadrates, hereafter referred to as ‘main sample’ (Figure 1c). This main sample includes material from quadrates at the centre of the excavation (all layers from quadrates L11d, M11b, M12a, M12b) and others for key layers (L12d for layer JZ, M12d and M13a for layer KAD). Remains of large mammals (including long bone shaft fragments) from the coarse fraction of the main sample that could be identified anatomically were isolated and allocated a unique ID number. For the key layers JZ and KAD, this represents the sorting of coarse fractions from about 75% of the excavated volume, and, for other layers, about 50% of the excavated volume. The extended sample adds to the main sample by including plotted bones from all the other quadrates. Thus, main sample = plotted remains and coarse fractions from quadrates L11d, M11b, M12a, M12b (all layers), L12d (layer JZ only), M12d and M13a (layer KAD only); extended sample = main sample + plotted remains from other quadrates (Figure 1c).

			Analysis of large mammal remains

			Faunal remains were identified to skeletal element, taxon and/or size classes (adapted from Brain6; Table 1), using primarily the Ditsong Museum comparative collections, as well as skeletons acquired and processed by the rangers of the De Hoop Nature Reserve and E.D. Each fragment was entered in a FileMaker database after observation of its surface under low-angled light with a 30x hand lens and a stereomicroscope when necessary. Bone surface modifications pertinent to assessing the agent that accumulated the remains were coded (cut marks, percussion marks, tooth marks, digested bones and degree of burning7–9) for the 950 remains, including 270 long bone fragments. Fracture patterns on long bones were recorded as recent, green or dry break following criteria developed by Villa and Mahieu10. Skeletal-part representation was assessed using NNISP, or normed number of identified specimens.11

			To best compare proportions of taxonomic groups between layers of very different sample size, we computed adjusted Wald proportions and confidence intervals.12 The graphical representation of proportions with 95% confidence intervals allows for quick and efficient comparison while considering biases due to small sample sizes. Chi-square tests and Spearman correlations between variables were performed using the PAST software suite.13
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			Table 1: 	Numbers of identified specimens by taxa (extended sample). Bovid size class 1 includes Raphicerus, size class 2 includes Redunca, size class 3 includes Hippotragus, and size class 4 includes Taurotragus and Syncerus (Damaliscus is considered as 2/3). Small herbivores include bovid size classes 1 and 2, large herbivores include bovid size classes 3, 4 and 5 as well as equids, hippopotamus and elephant. 

			
				
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							
							JY

						
							
							JYA

						
							
							JZ

						
							
							JZA

						
							
							JZB

						
							
							KAB

						
							
							KAC

						
							
							KAD

						
							
							KAE

						
							
							Total

						
					

					
							
							Raphicerus sp. (grysbok or steenbok)

						
							
							
							
							1

						
							
							1

						
							
							1

						
							
							2

						
							
							11

						
							
							22

						
							
							3

						
							
							41

						
					

					
							
							Redunca arundinum (southern reedbuck)

						
							
							
							
							
							
							
							
							1

						
							
							1

						
							
							
							2

						
					

					
							
							Damaliscus pygargus (blesbok or bontebok)

						
							
							
							
							4

						
							
							
							
							
							2

						
							
							1

						
							
							
							7

						
					

					
							
							Hippotragus sp. (blue, roan or sable antelope)*

						
							
							
							
							1

						
							
							1

						
							
							
							
							2

						
							
							10

						
							
							4

						
							
							18

						
					

					
							
							Equus sp. (zebra)

						
							
							1

						
							
							
							1

						
							
							3

						
							
							
							1

						
							
							
							5

						
							
							1

						
							
							12

						
					

					
							
							Taurotragus oryx (eland)

						
							
							
							
							
							2

						
							
							
							
							1

						
							
							4

						
							
							
							7

						
					

					
							
							Syncerus caffer (African buffalo)

						
							
							
							
							
							
							
							
							
							6

						
							
							1

						
							
							7

						
					

					
							
							Hippopotamus amphibius (hippopotamus)

						
							
							
							
							
							
							
							
							
							
							1

						
							
							1

						
					

					
							
							Loxodonta africana (elephant)

						
							
							
							
							
							1

						
							
							
							
							
							
							
							1

						
					

					
							
							Arctocephalus pusillus (Cape fur seal)

						
							
							1

						
							
							
							2

						
							
							
							
							1

						
							
							
							1

						
							
							
							5

						
					

					
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							Unidentified bovid, size 1

						
							
							
							
							14

						
							
							17

						
							
							3

						
							
							19

						
							
							73

						
							
							151

						
							
							31

						
							
							308

						
					

					
							
							Unidentified bovid, size 1/2

						
							
							
							
							8

						
							
							5

						
							
							
							1

						
							
							3

						
							
							26

						
							
							2

						
							
							45

						
					

					
							
							Unidentified bovid, size 2

						
							
							1

						
							
							
							26

						
							
							12

						
							
							5

						
							
							13

						
							
							55

						
							
							121

						
							
							19

						
							
							252

						
					

					
							
							Unidentified bovid, size 2/3

						
							
							
							1

						
							
							4

						
							
							
							
							1

						
							
							2

						
							
							5

						
							
							
							13

						
					

					
							
							Unidentified bovid, size 3

						
							
							2

						
							
							
							9

						
							
							6

						
							
							
							2

						
							
							8

						
							
							38

						
							
							8

						
							
							73

						
					

					
							
							Unidentified bovid, size 3/4

						
							
							
							
							3

						
							
							2

						
							
							
							
							2

						
							
							6

						
							
							5

						
							
							18

						
					

					
							
							Unidentified bovid, size 4

						
							
							1

						
							
							
							2

						
							
							1

						
							
							
							1

						
							
							2

						
							
							20

						
							
							4

						
							
							31

						
					

					
							
							Unidentified bovid, size 4/5

						
							
							
							
							
							
							
							
							
							1

						
							
							
							1

						
					

					
							
							Unidentified bovid, size 5

						
							
							
							
							1

						
							
							
							
							
							
							1

						
							
							
							2

						
					

					
							
							Unidentified large herbivore

						
							
							
							2

						
							
							18

						
							
							7

						
							
							1

						
							
							3

						
							
							13

						
							
							48

						
							
							10

						
							
							102

						
					

					
							
							Unidentified small carnivore

						
							
							1

						
							
							
							1

						
							
							2

						
							
							
							
							
							
							
							4

						
					

					
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							Total

						
							
							7

						
							
							3

						
							
							95

						
							
							60

						
							
							10

						
							
							44

						
							
							175

						
							
							467

						
							
							89

						
							
							950

						
					

				
			

			*Most Hippotragus remains could not be identified to species. Comparison of measurements of upper teeth (all with an occlusal length of 20–23.5 mm, n=8) with data from Klein27 and Faith28 seem to support at least the presence of the blue antelope Hippotragus leucophaeus. The potential presence of the roan antelope Hippotragus equinus is supported by one first phalanx of large dimensions (compatible with H. equinus modern specimens from the Ditsong Museum). However, the fragmented state of KDC Hippotragus remains does not allow decisive identifications.
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			Figure 2:	Data summary of identifications of Klipdrift Cave large mammals. (a) Species presence (extended sample; species are grouped according to their general pattern of distribution in the sequence, as either present throughout most of the sequence, only in the lower part of the sequence, or only in layer JZA) and (b) percentage of small herbivores (adjusted proportions with 95% confidence intervals, main sample only).
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			Results

			Taxonomic identifications

			Of the 950 remains entered in the database (886 from the main sample), 101 could be identified beyond a size class attribution (Table 1). Carnivores are rare, with only five remains of Cape fur seal and four of unidentified small carnivores (potentially caracal and a smaller felid). Herbivores, notably bovids, dominate. Most are grazers that are often found in open grassland/savanna ecosystems. No strong diachronic patterning is evident in terms of species present throughout the sequence (Figure 2a). Even if some variations exist (e.g. hippopotamus, southern reedbuck and buffalo are only present in the lower part of the sequence – layers KAC to KAE – while elephant is present only in JZA), most might best be explained by sample size.

			Comparisons between the main sample (that includes both plotted and coarse fraction remains) and the extended sample (only plotted remains from other quadrates) shows strong differences: large herbivores are considerably over-represented when only plotted remains are included in the analysis (70.3%, instead of 25.7% for the main sample; Table 2), a highly significant difference (chi-square = 63.743; p<0.001). This is to be expected considering that the larger remains of large herbivores have more chance of being plotted during excavation, distorting faunal compositions.14 Considering this bias, subsequent analyses in this study only consider the main sample.

			Percentages by size classes show a slight but statistically supported diachronic pattern: the proportion of small herbivores (compared to large herbivores) is about 70% in layers KAD and KAE, increases slightly in layers KAB and KAC to about 85%, before reducing to about 60% in layer JZ (Figure 2b). Both these trends are statistically significant (between KAD and KAC: chi-square = 15.937, p<0.001; between KAB and JZA: chi-square = 4.80, p<0.05).
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			Table 2: 	Total numbers of identified specimens by size classes for the main sample and for other quadrates included in the extended sample 

			
				
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Main sample (plotted and coarse fraction remains)

						
					

					
							
							 

						
							
							JY

						
							
							JYA

						
							
							JZ

						
							
							JZA

						
							
							JZB

						
							
							KAB

						
							
							KAC

						
							
							KAD

						
							
							KAE

						
							
							Total

						
					

					
							
							Bovid 1

						
							
							
							
							15

						
							
							18

						
							
							3

						
							
							19

						
							
							83

						
							
							170

						
							
							32

						
							
							340

						
					

					
							
							Bovid 1/2

						
							
							
							
							8

						
							
							5

						
							
							
							1

						
							
							3

						
							
							26

						
							
							2

						
							
							45

						
					

					
							
							Bovid 2

						
							
							1

						
							
							
							25

						
							
							11

						
							
							5

						
							
							13

						
							
							55

						
							
							119

						
							
							19

						
							
							248

						
					

					
							
							Bovid 2/3

						
							
							
							1

						
							
							7

						
							
							
							
							
							4

						
							
							5

						
							
							
							17

						
					

					
							
							Bovid 3

						
							
							1

						
							
							
							10

						
							
							5

						
							
							
							1

						
							
							6

						
							
							42

						
							
							5

						
							
							70

						
					

					
							
							Bovid 3/4

						
							
							
							
							3

						
							
							1

						
							
							
							
							2

						
							
							6

						
							
							5

						
							
							17

						
					

					
							
							Bovid 4

						
							
							1

						
							
							
							2

						
							
							1

						
							
							
							
							2

						
							
							26

						
							
							4

						
							
							36

						
					

					
							
							Bovid 5

						
							
							
							
							
							
							
							
							
							1

						
							
							
							1

						
					

					
							
							Large herbivores unidentified

						
							
							1

						
							
							1

						
							
							18

						
							
							8

						
							
							1

						
							
							3

						
							
							11

						
							
							52

						
							
							9

						
							
							104

						
					

					
							
							Carnivores

						
							
							1

						
							
							
							3

						
							
							2

						
							
							
							1

						
							
							
							1

						
							
							
							8

						
					

					
							
							Total for small herbivores (1/2)

						
							
							1

						
							
							0

						
							
							48

						
							
							34

						
							
							8

						
							
							33

						
							
							141

						
							
							315

						
							
							53

						
							
							633

						
					

					
							
							Total for large herbivores (3–5)

						
							
							3

						
							
							1

						
							
							33

						
							
							15

						
							
							1

						
							
							4

						
							
							21

						
							
							127

						
							
							23

						
							
							228

						
					

					
							
							Total for others

						
							
							1

						
							
							1

						
							
							10

						
							
							2

						
							
							0

						
							
							1

						
							
							4

						
							
							6

						
							
							0

						
							
							25

						
					

					
							
					

					
							
							Other quadrates (only plotted remains)

						
					

					
							
							 

						
							
							JY

						
							
							JYA

						
							
							JZ

						
							
							JZA

						
							
							JZB

						
							
							KAB

						
							
							KAC

						
							
							KAD

						
							
							KAE

						
							
							Total

						
					

					
							
							Bovid 1

						
							
							
							
							
							
							1

						
							
							2

						
							
							1

						
							
							3

						
							
							2

						
							
							9

						
					

					
							
							Bovid 2

						
							
							
							
							1

						
							
							1

						
							
							
							
							1

						
							
							3

						
							
							
							6

						
					

					
							
							Bovid 2/3

						
							
							
							
							1

						
							
							
							
							1

						
							
							
							1

						
							
							
							3

						
					

					
							
							Bovid 3

						
							
							1

						
							
							
							
							2

						
							
							
							1

						
							
							4

						
							
							6

						
							
							7

						
							
							21

						
					

					
							
							Bovid 3/4

						
							
							
							
							
							1

						
							
							
							
							
							
							
							1

						
					

					
							
							Bovid 4

						
							
							
							
							
							2

						
							
							
							1

						
							
							1

						
							
							4

						
							
							1

						
							
							9

						
					

					
							
							Bovid 4/5

						
							
							
							
							
							
							
							
							
							1

						
							
							
							1

						
					

					
							
							Bovid 5

						
							
							
							
							1

						
							
							
							
							
							
							
							
							1

						
					

					
							
							Large herbivores unidentified

						
							
							
							1

						
							
							1

						
							
							3

						
							
							
							1

						
							
							2

						
							
							1

						
							
							3

						
							
							12

						
					

					
							
							Carnivores

						
							
							1

						
							
							
							
							
							
							
							
							
							
							1

						
					

					
							
							Total for small herbivores (1/2)

						
							
							0

						
							
							0

						
							
							1

						
							
							1

						
							
							1

						
							
							2

						
							
							2

						
							
							6

						
							
							2

						
							
							15

						
					

					
							
							Total for large herbivores (3–5)

						
							
							1

						
							
							1

						
							
							2

						
							
							8

						
							
							0

						
							
							3

						
							
							7

						
							
							12

						
							
							11

						
							
							45

						
					

					
							
							Total for others

						
							
							1

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							1

						
							
							0

						
							
							1

						
							
							0

						
							
							4

						
					

				
			

			‘Others’ includes carnivores and bovid size 2/3.
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			Taphonomic observations

			Bone surfaces are generally well preserved at KDC. Anthropic action on bones is evident (Table 3) in the form of cut marks (6.7%, n=57), percussion marks (4.3%, n=38, including percussion striae, notches, bone flakes and peeling fractures of ribs) and, most notably, burnt bones (24.8% of the remains entered in the database for the main sample, n=203, without counting the thousands of small unidentifiable fragments in the coarse fractions). The assemblage is highly fragmented, with only 6.1% (n=51) being complete or sub-complete bones, mostly small ones (e.g. carpals, tarsals, sesamoids, third phalanges and caudal vertebras). Long bone shafts have fracture morphologies characteristic of green-bone breakage in 95% of cases (n=113 out of 119 diagnostic fractures; Table 3). Conversely, only two bones have evidence of digestion and one bone has tooth marks. None of the carnivores documented (Table 1) could be responsible for the KDC accumulation of large mammals (seal and small carnivores are rarely responsible for accumulating terrestrial large mammal remains). All these data point to a nearly exclusive accumulation of large mammal remains by LSA humans in KDC, with evidence of meat removal, marrow extraction and fire use.
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			Table 3: 	Taphonomic data for the main sample (number of occurrences, total number of remains and percentage). For each criterion, ambiguous cases were not included, and thus the total number of remains included in the percentage calculation varies. 

			
				
					
					
					
					
					
					
				
				
					
							
							
							Cut marks

						
							
							Carnivore marks

						
							
							Burnt*

						
							
							Percussion marks

						
							
							Diagnostic long bone shaft fractures

						
					

					
							
							JY

						
							
							0/5 (0%)

						
							
							0/5 (0%)

						
							
							1/5 (20%)

						
							
							0/5 (0%)

						
							
							0 green, 0 dry

						
					

					
							
							JYA

						
							
							0/2 (0%)

						
							
							0/2 (0%)

						
							
							0/2 (0%)

						
							
							0/1 (0%)

						
							
							0 green, 0 dry

						
					

					
							
							JZ

						
							
							4/88 (4.5%)

						
							
							1/91 (1.1%)

						
							
							2/88 (2.3%)

						
							
							5/88 (5.7%, with 2 PS, 2 IN, 1 P)

						
							
							10 green, 2 dry 
(%green = 83.3%)

						
					

					
							
							JZA

						
							
							5/46 (10.9%)

						
							
							1/51 (2%)

						
							
							7/50 (14%)

						
							
							2/49 (4.1%, with 2 IN)

						
							
							7 green, 0 dry 
(%green = 100%)

						
					

					
							
							JZB

						
							
							0/9 (0%)

						
							
							0/9 (0%)

						
							
							0/8 (0%)

						
							
							0/9 (0%)

						
							
							2 green, 0 dry 
(%green = 100%)

						
					

					
							
							KAB

						
							
							2/36 (5.6%)

						
							
							0/38 (0%)

						
							
							5/36 (13.9%)

						
							
							0/37 (0%)

						
							
							3 green, 0 dry 
(%green = 100%)

						
					

					
							
							KAC

						
							
							9/163 (5.5%)

						
							
							0/166 (0%)

						
							
							17/159 (10.7%)

						
							
							8/164 (4.9%, with 3 PS, 5 IN)

						
							
							20 green, 2 dry 
(%green = 90.9%)

						
					

					
							
							KAD

						
							
							31/424 (7.3%)

						
							
							1/448 (0.2%)

						
							
							140/405 (34.6%)

						
							
							18/446 (4%, with 5 PS, 12 IN, 1 P)

						
							
							65 green, 1 dry 
(%green = 98.5%)

						
					

					
							
							KAE

						
							
							6/75 (8%)

						
							
							0/76 (0%)

						
							
							31/64 (48.4%)

						
							
							5/76 (6.6%, with 1 PS, 3 IN, 1 BF)

						
							
							6 green, 1 dry 
(%green = 85.7%)

						
					

					
							
							Total

						
							
							57/848 (6.7%)

						
							
							3/886 (0.3%)

						
							
							203/817 (24.8%)

						
							
							38/875 (4.3%, with 11 PS, 24 IN, 1 BF, 2 P)

						
							
							113 green, 6 dry 
(%green = 95%)

						
					

				
			

			*Numbers of burnt bones do not include the thousands of small fragments of burnt bone from the coarse fractions. 

			PS, percussion marks; IN, impact notch; BF, bone flake; P, peeling
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			Skeletal-part profiles

			The small sample sizes per taxa and layer preclude detailed analysis of skeletal-part profiles. Transport strategies are thus generalised by merging all layers together in the main sample, and only distinguishing between small and large herbivores (Table 4, Figures 3 and 4). Nearly all elements were found in KDC, but in varying abundance. Elements rich in marrow or meat are over-represented (long bones), while the less nutritious short bones (carpals, tarsals, sesamoids and phalanges) are rare. Correlations between skeletal element abundance (expressed as %NNISP) and bone density are not statistically significant (p>0.05 for both small and large herbivores, Figure 3). This absence of correlation, together with the fact that bone surfaces are excellently preserved and that several foetal bones were found in the bone assemblage, point to a limited impact of post-depositional processes on body-part profiles. Skeletal-part profiles could reflect human transport decisions (i.e. preferential import of nutritious elements to KDC) and bone-processing techniques. With respect to the latter, the scarcity of carpals and tarsals – bones that are relatively robust and easily identifiable – is problematic. Considering the abundance of metapodials, tibia and radial bones (those that are anatomically connected to carpals and tarsals), the most parsimonious explanation is that short bones were brought back to KDC, but later destroyed by human activity, for example, by burning, whether intentional or not. This hypothesis is supported by the high percentage of carpals and tarsals that are burnt (44.4%). 

			When body part data are analysed by size classes (Figure 4), skeletal-part profiles appear more balanced for small herbivores (i.e. relatively comparable proportions of skull, axial and long bones) than for large ones. Complete carcasses of small bovids might have been brought back to KDC more often, while bigger prey was introduced in the form of carcass segments. 
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			Figure 3: 	Correlation tests for bone density mediated attrition (main sample, mean density values taken from Lam et al.26 Connachaetes taurinus / blue wildebeest data set).
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			NNISP, normed number of identified specimens

			Girdles = scapula and pelvis; stylopod = humerus and femur; zeugopod = ulna, radius, tibia and fibula; small bones = carpals, tarsals, phalanges and sesamoids.

			Figure 4: 	Skeletal-part profiles for small and large herbivores (main sample). 
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			Figure 5:	Summary of evidence for diachronic variability in the Klipdrift Cave sequence in (a) large mammals, (b) micromammals, (c) shellfish and (d) lithic industry. For (c) and (d), the reader is referred to Ryano et al.2,3 For the purpose of this study, micromammals (i.e. hyrax and mammals smaller than hyrax) were neither analysed nor counted, but their relative density (lower/higher) was noted while sorting the coarse fractions (b).
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			Table 4: 	Number of identified specimens by skeletal element for small and large herbivores (main sample)

			
				
					
					
					
				
				
					
							
							 

						
							
							Small herbivores

						
							
							Large herbivores

						
					

					
							
							Crania (including horn core)

						
							
							27

						
							
							2

						
					

					
							
							Mandibles

						
							
							13

						
							
							9

						
					

					
							
							Teeth

						
							
							28

						
							
							33

						
					

					
							
							Vertebrae

						
							
							59

						
							
							12

						
					

					
							
							Vertebrae (caudal)

						
							
							7

						
							
							0

						
					

					
							
							Vertebrae (sacrum)

						
							
							2

						
							
							0

						
					

					
							
							Ribs

						
							
							284

						
							
							75

						
					

					
							
							Scapulae

						
							
							4

						
							
							2

						
					

					
							
							Humeri

						
							
							16

						
							
							7

						
					

					
							
							Radio-ulnae

						
							
							21

						
							
							10

						
					

					
							
							Pelvises

						
							
							9

						
							
							2

						
					

					
							
							Femurs

						
							
							13

						
							
							4

						
					

					
							
							Tibiae

						
							
							15

						
							
							17

						
					

					
							
							Carpal bones

						
							
							16

						
							
							1

						
					

					
							
							Tarsal bones

						
							
							13

						
							
							4

						
					

					
							
							Metacarpals

						
							
							10

						
							
							8

						
					

					
							
							Metatarsals

						
							
							8

						
							
							7

						
					

					
							
							Metapodials (indeterminate)

						
							
							22

						
							
							5

						
					

					
							
							Phalanges

						
							
							59

						
							
							18

						
					

					
							
							Sesamoids

						
							
							7

						
							
							12

						
					

					
							
							Total

						
							
							633

						
							
							228

						
					

				
			

			This possibility is notably evident in the relative abundance of small herbivore ribs but not those of large herbivores. Conversely, large herbivore tibiae, one of the bones with the richest marrow yield in African bovids,15 are over-represented, suggesting transport choices favouring nutrition-rich parts.
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			Discussion and conclusion

			Analysis of Klipdrift Cave large mammal remains from the c. 14–11 ka Oakhurst levels reflects a relatively stable environment, most probably dominated by open grasslands. This finding accords with previous isotopic analyses that highlight little to no variation in the oxygen and carbon composition of KDC ostrich eggshells through time.16 Subtle variations are, however, observed in the relative proportions of small and large herbivores (Figure 5a). While sorting the coarse fractions for this study, variations in the abundance of micromammals was also noted (Figure 5b). Changes in the lithic industry and in shellfish density and composition were previously described.2,3 When summarised, these data sets reflect complex, asynchronous changes in the macromammal, micromammal, shellfish and lithic records throughout the Oakhurst levels (Figure 5). 

			Of specific interest are the two bottom layers, KAD and KAE. Their distinguishing features, compared with the overlying KAB and KAC layers, are a higher proportion of large herbivores, greater shellfish density and larger proportion of Dinoplax gigas (giant chiton), as well as more blades, cores and quartz lithic elements. The radiocarbon dates obtained for these four layers overlap (Figure 1e), hence emphasising that change was rapid. These changes occurred around 13.5 ka cal. BP, both after and before periods of major environmental changes documented at the last glacial-interglacial transition in the southern Cape (i.e. the two humid episodes described by Chase et al.17 are placed around 15.4–14.2 ka and 11.8–10.7 ka). This shift in subsistence patterns and technology is likely linked to the internal human dynamics and history of the Oakhurst techno-complex, and/or to local changes in site occupation and direct environment, and not to the influence of major climate change. The sample sizes for the upper layers of KDC are too low to allow for an investigation of potential shifts in large mammal exploitation at the onset of the Holocene, when major environmental changes are documented in the southern Cape.1

			In other LSA sequences such as Boomplaas18,19, Byneskranskop 120 and Nelson Bay Cave21, an important faunal shift is identified at around 12 ka22 with a marked decrease of grazers (notably equids and alcephalines), replaced by smaller bovids (such as mountain reedbuck, grey rhebok, klipspringer and grysbok/steenbok). This change from a grass dominated environment to one in which bush, forest and fynbos increase has been correlated with the transition from the Robberg to the Oakhurst, suggests that the hunting of smaller antelopes was one driver for technological change.23,24 KDC shows an example of early Oakhurst layers associated with a predominance of large grazing herbivores, that weakens the presumed links between environmental and technological changes. Furthermore, KDC data indicate that the integration or exclusion of remains from coarse fractions in a faunal analysis can drastically alter the proportion of large identified herbivores. Excavation and/or analytical choices (e.g. if only plotted specimens are included) may strongly bias faunal lists and environmental reconstructions.14

			KDC large mammal remains are well preserved and show strong evidence of anthropic accumulation with little to no contribution by carnivores. However, the small sample size per species limits zooarchaeological analyses. Preliminary data suggest that KDC was used by LSA people as a site to which they preferentially brought nutritious-rich carcass segments, especially those of large herbivores, considering that smaller herbivore prey may have been brought to the site as complete carcasses. Future excavations at Klipdrift Cave will provide more information on the subsistence strategies of LSA people during the Oakhurst, both before and during the marked environmental changes of the last glacial-interglacial transition.
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