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ABSTRACT

The adoption of Zooarchaeology by Mass Spectrometry (ZooMS) provides an alternative
approach to traditional morphological and ancient DNA (aDNA) analysis, allowing
previously unidentifiable and morphologically ambiguous remains to be identified. Dietary
preferences are reflected in the stable carbon and nitrogen isotope ratios, with variations
indicating behavioural, physiological, and/or environmental change. Together, fauna
identified by ZooMS and stable carbon and nitrogen isotopes has the potential to provide
more information about vegetation and palaeoenvironmental change than either dataset

alone.

This study focuses on the morphologically unidentifiable faunal assemblage from
Grassridge Rockshelter (GRS), South Africa. Ten samples were selected from the late
Pleistocene (LP; ca. 43-28 ka), 20 from the terminal Pleistocene (TP; ca. 13.5-11.6 ka),
and 70 from the mid-Holocene (MH; ca. 7.3-6.8 ka) layers. Here, fauna identified by
ZooMS and stable carbon and nitrogen isotopes from bone collagen is used to infer the

palaeoenvironmental conditions at GRS during each occupation.

Eighty-five percent (n = 85) of the GRS sample was successfully identified to at least tribe
using ZooMS. Success increased through time, but not significantly, suggesting that
ZooMS can be used on older assemblages, up to ca. 40 ka, and in warm environments.
Faunal and stable isotope shifts are documented and are indicative of changing vegetation
and palaeoenvironment through time. At GRS, results indicate a cool and dry grassland
environment dominated by open-habitat grazers during the LP, transitioning to a warmer
and mesic mosaic environment dominated by browsers during the MH. Broad taxonomic
resolutions and the misidentification of a suni antelope (Neotragus moschatus) indicate a
need for the development of novel ZooMS peptide markers, the expansion of the reference
database, and emphasise the need to incorporate multiple proxies when undertaking
palaeoenvironmental research. Furthermore, the identification of a blue duiker
(Philantomba monticola) and ostrich (Struthio camelus) was unexpected, highlighting the
potential of ZooMS to identify rare or unexpected taxa.
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CHAPTER 1: INTRODUCTION

Southern Africa has a rich palaeoenvironmental history, but it is impeded by large spatial
and temporal gaps which lead to broad reconstructions that overlook regional differences
(Meadows & Baxter 1999; Stone 2014). Palaeoenvironmental reconstructions provide
invaluable insight into the archaeological record as the environment provides the context in
which organisms live, interact, and adapt (Lyman 2017). A wide range of
palaeoenvironmental proxies are available but not all of them are widely applicable due to
chronological and preservation constraints (Chase & Meadows 2007; Stone 2014; Stratford
et al. 2021). In South Africa, faunal assemblages are the most utilised palaeoenvironmental
proxy, comprising 52% of the utilised proxies (Stratford et al. 2021). However, their use as
a palaeoenvironmental proxy is dependent on secure taxonomic identifications (Wolverton
2013). Faunal remains are traditionally identified through osteomorphological analysis;
however, this method is inherently subjective and unable to identify highly fragmented
bones that lack diagnostic markers (Klein & Cruz-Uribe 1984; Driver 1992; O’Connor
2000; Reitz & Wing 2008; Wolverton 2013; Buckley et al. 2009; Buckley 2018).
Archaeofaunal assemblages often contain a large number of unidentifiable bones. These
are typically neglected, introducing bias and limiting archaeological and environmental
information (Klein & Cruz-Uribe 1984; Plug 1997; Outram 2001; Badenhorst & Plug
2011; Buckley & Collins 2011; Buckley 2018).

Stable isotope analysis on fauna constitutes ~5% of published proxies in southern Africa
(Stratford et al. 2021). Stable isotopes provide palaeoenvironmental information and
insight into faunal dietary preferences (Lee-Thorp 2008). The combination of faunal and
stable isotope data may enhance palaeoenvironmental reconstructions and be used to
improve and validate taxonomic identifications, ultimately providing more information

than either dataset alone.

This study will use faunal remains identified by Zooarchaeology by Mass Spectrometry
(ZooMS) and stable carbon and nitrogen isotopes to infer the palaeoenvironmental
conditions at Grassridge Rockshelter (GRS) during the late Pleistocene (LP; ca. 43-28 ka),
terminal Pleistocene (TP; ca. 13.5-11.6 ka), and mid-Holocene (MH; ca. 7.3-6.8 ka)
occupations. Notably, the occupations at GRS will be referred to as the LP, TP, and MH.
This allows this study to reconcile with time categories used in previous GRS publications
(see Opperman 1984, 1987, 1988; Collins et al. 2017). However, it does not disregard the



Marine Isotope Stages (MIS) and recognises that the LP is not confined to ca. 43-28 ka.
Zooarchaeology by Mass Spectrometry enables unidentifiable faunal remains to be
indirectly identified by comparing the collagen type | (COL1) protein sequence of an
unknown sample with known samples in the collagen peptide marker reference database
(Buckley et al. 2009; Bradfield et al. 2021; Janzen et al. 2021). Overall, this research
contributes palaeoenvironmental information to this relatively understudied interior region
of southern Africa. It is also the first to use both ZooMS and stable carbon and nitrogen

isotopes on South African faunal remains predating 2000 years.

1.1 RATIONALE

Archaeological and palaeoenvironmental studies, excluding rock art, are relatively limited
in the area surrounding GRS (Collins et al. 2017; Ames et al. 2020). Palaeoenvironmental
reconstructions predominately come from the northern, southern, and western regions of
southern Africa. Many of these records are limited by sparse, low-resolution data,
providing general regional and temporal variations, and are incapable of detecting rapid
climate change (Smith et al. 2002: 683). This study will complement the microbotanical
(Ames et al. 2020) and faunal data (Opperman 1984, 1987, 1988) from Grassridge, thus
increasing the local and regional palaeoenvironmental data. Furthermore, this study may
elucidate the factors influencing faunal and floral change and provide invaluable insight
into human-environment interactions in the eastern interior of southern Africa (Ames et al.
2020).

So far, two honours projects have examined the newly excavated GRS faunal assemblage
(Beard 2018; Geoghegan 2019). Beard (2018) attempted to infer the TP and MH
palaeoenvironmental conditions at GRS from morphologically identifiable bovid remains.
This is potentially problematic as many of the GRS faunal remains are highly fragmented
and unidentifiable, possibly introducing bias and limiting archaeological and
environmental data. This project utilises ZooMS to examine a subset of the unidentifiable
GRS faunal remains. Zooarchaeology by Mass Spectrometry was selected over ancient
DNA (aDNA) to reduce issues of contamination, cost and time-constraints, degradation,
destructiveness, and low-success rates (Smith et al. 2003; Kistler et al. 2017; Lebrasseur et
al. 2018). To date, four South African studies (see Coutu et al. 2016, 2021; Bradfield et al.
2019, 2021) have utilised ZooMS with studies focusing on worked bone or ivory and

domestic taxa, mostly dating to the last 2000 years.



Furthermore, this project utilises stable carbon and nitrogen isotopes to track the
proportion of C3 and C4 vegetation and changes in mean annual temperature (MAT) and
mean annual precipitation (MAP) (O’Leary 1981; Handley et al. 1999; Lee-Thorp 2008;
Pate & Anson 2008; Szpak et al. 2013; Makarewicz & Sealy 2015; Loftus et al. 2016a).
Stable isotope data complements the faunal and microbotanical data, providing further

palaeoenvironmental information and insight into faunal dietary choices over time.

1.2 AIM
This study aims to infer the palaeoenvironmental conditions at GRS during the LP, TP, and
MH. Palaeoenvironmental conditions will be inferred from faunal remains identified by

ZooMS and stable carbon and nitrogen isotopes.

1.3 OBJECTIVES
1) Construct a bone selection protocol and select ten LP, 20 TP, and 70 MH faunal
bone fragments from the GRS faunal assemblage
2) ldentify the LP, TP, and MH faunal remains using ZooMS
3) Determine the stable carbon and nitrogen isotope ratios from the TP and MH faunal
remains
4) Use the faunal remains identified by ZooMS and stable isotope data to infer the

palaeoenvironmental conditions at GRS during the LP, TP, and MH

1.4 RESEARCH QUESTIONS
1) Can GRS taxa be successfully identified using ZooMS?
2) Does the faunal assemblage change between the LP, TP, and MH?
3) Do the stable carbon and nitrogen isotope ratios change between the TP and MH?
4) What were the palaeoenvironmental conditions at GRS during the LP, TP, and
MH?

1.5 OUTLINE OF DISSERTATION

Each chapter begins with an introduction that describes the chapters’ layout and structure.
Where appropriate, each chapter will be organised following the four research questions
outlined above. This thesis contains six chapters. The first is an introductory chapter that
covers a general overview of this field, the rationale, and presents the aims, objectives, and
research questions. The second chapter delves into the current literature and expands on the
site background at GRS and the surrounding region, faunal theory and methods, and the

southern African palaeoenvironment. The third chapter describes the materials and



methods used to obtain these data. The fourth chapter contains the results from this study
and the fifth chapter discusses and interprets the results. Finally, the sixth chapter is a

conclusion.



CHAPTER 2: LITERATURE REVIEW

The following chapter includes a review of the current literature which comprises the site

background, faunal theory and methods, stable isotopes, and the palaeoenvironment.

2.1 SITE BACKGROUND

Grassridge Rockshelter (GRS) is located approximately 1500 masl at the base of the
Stormberg Mountains in the Eastern Cape province of South Africa (Fig. 2.1) (Opperman
1984, 1987, 1988; Collins et al. 2017; Ames et al. 2020). Grassridge is located near the top of
a small steep-sided valley and faces southeast. The shelter is large and curved, approximately
40 m wide, 10 m deep, and 7 m high at the dripline narrowing to less than 1 m high towards
the back wall (Opperman 1984, 1987, 1988; Collins et al. 2017: 162; Ames et al. 2020: 3).
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Figure 2.1: Grassridge Rockshelter (star) and other relevant archaeological sites within modern
vegetation bioregions as described by Mucina & Rutherford (2006) (In Ames et al. 2020: 2).



Extensive erosion has exposed a rich-artefact palimpsest along the dripline. Rock art is
present on a small overhang in front of and below the shelter opening and on the northeastern
back wall (Collins et al. 2017: 162). A stone-lined drainage channel is present in the middle
of the shelter and the remains of a stone wall are found near the northeast entrance (Collins et
al. 2017: 162).

The curved appearance of the shelter likely resulted from water scouring which removed the
weaker strata from the Clarens Formation, a Triassic sandstone (Kitching & Raath 1984;
Castro & Bell 1995; Grab 2015; Ames et al. 2020). The Clarens Formation and the
underlying Molteno and Elliot Formations form the Stormberg Group which comprises
alternating bands of shale, mudstone, fine-grained sandstone, and intrusive dolerite sills and
dykes (Smith 1990; Hoare & Bredenkamp 2001; Bordy & Catuneanu 2002; Bordy &
Eriksson 2015). This intrusion is archaeologically significant as it led to the creation of large
quantities of hornfels through contact metamorphism (Hoare & Bredenkamp 2001; Aarnes et
al. 2011). Hornfels is the primary raw material source for stone tool manufacture at GRS
(Opperman 1984, 1987; Collins et al. 2017; Ames et al. 2020).

The Stormberg region (Fig. 2.1) is divided into the Drakensberg Grassland bioregion in the
north and the Sub-Escarpment Grassland bioregion in the south (Mucina & Rutherford 2006;
Ames et al. 2020). The Drakensberg Grassland bioregion is dominated by the Stormberg
Plateau Grassland and is interspersed with Southern Drakensberg Highland Grassland which
becomes more prevalent to the east with increasing rainfall and elevation (Mucina &
Rutherford 2006; Ames et al. 2020). Vegetation from the Stormberg Plateau Grassland
includes grasses with a strong dwarf shrub component occurring on flat to undulating plains
above 1500 masl, and shrubland vegetation sometimes occurring on rocky outcrops (Mucina
& Rutherford 2006: 365). In contrast, vegetation from the Southern Drakensberg Highland
Grassland is characterised by dense tussock grasslands occurring on steep mountain slopes at
high altitudes with some dwarf shrublands on exposed rocky areas (Mucina & Rutherford
2006: 366). C4 grasses are dominant in this region, but many Cs grasses are sustained at
higher elevations, including Pentaschistis microphylla, Helictotrichon turgidulum,

Merxmuellera disticha, M. drakensbergensis, and Koeleria capensis (Ames et al. 2020: 4).

The Sub-Escarpment Grassland bioregion consists of the Tsomo Grassland and the Tarkastad
Montane Shrubland (Mucina & Rutherford 2006: 43-45; Ames et al. 2020). The Tsomo
Grassland occurs in flat or gently undulating plains between 760-1580 masl (Mucina &
Rutherford 2006: 427; Ames et al. 2020). The vegetation is characterised by grassland to



open thornveld with Aristida, Elionurus, Cymbopogon, Eragrostis, and Themeda dominating
the grass genera (Mucina & Rutherford 2006: 427; Ames et al. 2020). Non-grass vegetation
includes several shrubs (e.g., Senecio burchellii, Felicia muricata, Euryops floribundus) and
herbs of the Asteraceae family (e.g., Berkheya onoparioides, Aster bakerianus) (Ames et al.
2020: 4). The Tarkastad Montane Shrubland occurs on ridges, hills, and mountain slopes,
especially those intruded by dolerite, between 1020-1780 masl (Mucina & Rutherford 2006:
428; Ames et al. 2020: 4). Low, semi-open mixed shrubland characterises the vegetation
(Mucina & Rutherford 2006: 428). Small trees and dwarf shrubs are prevalent (e.g., Acacia
karroo, Cadaba aphylla, Diospyros austro-africana, Rhus burchellii, Tarchonanthus minor),
as well as several succulents (e.g., Aloe ferox) and C4 grasses (Mucina & Rutherford 2006;
Ames et al. 2020: 4). Grassridge Rockshelter is located within the Tarkastad Montane
Shrubland and is near the Tsomo Grassland which prevails on undulating plains and valley
bottoms (Ames et al. 2020: 4). Furthermore, Grassridge is located at the biogeoclimatic
intersection (Fig. 2.1) of the Nama-Karoo biome, several coastal biomes to the south and
southeast, and the Drakensberg Grassland bioregion in the northeast. Its location makes local
vegetation susceptible to palaeoenvironmental change (Hoare & Bredenkamp 2001; Mucina
& Rutherford 2006; Ames et al. 2020: 3-4).

Precipitation predominately falls in the austral summer (October to May) with Mean Annual
Precipitation (MAP) ranging between 400-600 mm, increasing along a west to east rainfall
gradient (Fig. 2.2) (Hoare & Bredenkamp 2001: 596; Mucina & Rutherford 2006; Ames et al.
2020: 3). Mean Annual Temperature (MAT) is approximately 13 °C with summer
temperatures often exceeding 30 °C and winters regularly experiencing temperatures below
freezing with frequent frosts (Fig. 2.2) (Sampson 1970; Opperman 1987; Hoare &
Bredenkamp 2001; Mucina & Rutherford 2006). Elevation ranges from 1200 masl in the
southeast to 1800 masl in the northwest and is negatively correlated with temperature and
positively correlated with precipitation (Hoare & Bredenkamp 2001; Ames et al. 2020).
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Figure 2.2: Weather station data for the Stormberg/Drakensberg region, Eastern Cape collected
from the South African Weather Bureau. An example diagram is given on the bottom right. a: mean
rainfall curve, b: mean temperature curve, TEMP: mean annual temperature, and MAP is mean
annual precipitation (In Hoare & Bredenkamp 2001: 597).

2.1.1 PREVIOUS WORK AT GRASSRIDGE

Grassridge was first excavated by Dr Hermanus Opperman in 1979 as part of a larger project,
designed to investigate Later Stone Age (LSA) occupations in the southern foothills of the
Drakensberg Mountains (Opperman 1984, 1987, 1988; Collins et al. 2017; Ames et al. 2020).
Colwinton, Bonawe, Te Vrede, and Ravenscraig Rockshelter were the primary focus of this
project and GRS was included as a comparative control sample located in a different
environment (Opperman 1984, 1987; Collins et al. 2017; Ames et al. 2020). Opperman’s
original excavation comprised a 2x3 m trench located in the southwest portion of the shelter
close to the back wall (Fig. 2.3).
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Figure 2.3: Plan view of GRS, indicating when and where the site was
excavated (In Collins et al. 2020: 3).

Opperman (1984, 1987, 1988) identified three Middle Stone Age (MSA) occupation layers
(KGS, VGS, and GS) dated to ca. 36 ka and five artefact-rich LSA occupation layers (LBS,
AS, HSK, BR, and VB) dated from 7-6 ka (Fig. 2.4).
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Figure 2.4: Occupational layers identified by Opperman at GRS (In Opperman
1988: 3).




Opperman recorded an occupational hiatus between the late Pleistocene (LP) and
mid-Holocene (MH) occupations. This is indicated by a transition from hard sediment in the
MSA layers to relatively loose and soft sediment with high ash content in the LSA layers. An
extremely slow build-up of natural deposition during the occupational hiatus suggests that
mixing of MSA and LSA artefacts occurred at the interface of these layers (Opperman 1984,
1988).

The LSA layers contained large quantities of stone artefacts and faunal remains, as well as
two freshwater mussel pendants and some modified bone (Opperman 1984, 1987; Ames et al.
2020). Additionally, 4707 ostrich eggshell (OES) fragments, 151 complete OES beads, and
575 incomplete or broken OES beads were recovered (Opperman 1984, 1987; Collins et al.
2017). The number of OES beads at Grassridge is relatively high compared to other grassland
sites in the region. However, this is not unusual as Grassridge is located near the
Nama-Karoo biome and ostrich are currently found in the Grassridge region (Opperman
1987: 166; Ames et al. 2020: 5; Collins et al. 2020; Sinclair et al. 2020; Stewart et al. 2020).
Scraper size and form change in the LSA, with larger, elongated side and end scrapers in the
older layers (LBS and AS) and shorter, broader end scrapers in the younger layers (HSK, BR,
and VB). This is consistent with the transition from Early to MH technocomplexes
documented at other southern African sites (Opperman 1984, 1987: 167-168; Lombard et al.
2012; Ames et al. 2020). The Grassridge taxa are relatively diverse, consisting of carnivores,
browsers, and grazers (Opperman 1984: 403). A shift in subsistence activity is documented
during the LSA with GRS inhabitants shifting focus from large and medium sized bovids to
browsers and small territorial species (Opperman 1984, 1987). This trend likely resulted from

changing palaeoenvironmental conditions (Opperman 1984).

Approximately 10 000 stone artefacts, a small well-preserved faunal assemblage, and some
OES fragments were recovered from the LP layers (Opperman 1988). The stone artefacts
from the three layers are metrically and typologically similar, predominately consisting of
plain platform, unmodified hornfels flakes, and blades. Roughly 0.5% of the lithic
assemblage is retouched, including points, flakes, laterally retouched blades, and scrapers.
Twelve cores were retrieved; however, no technological detail was provided (Opperman
1988; Ames et al. 2020: 4). The faunal assemblage is small and comprises 15 identified
specimens. The data suggest that the LP occupants focused on medium to large bovids which
included hartebeest (Alcelaphus sp.), wildebeest (Connochaetes sp.), and a southern reedbuck

(Redunca arundinum) (Opperman 1988: 9).
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In 2014, the Grassridge Archaeological and Palaeoenvironmental Project (GAPP) was
launched to relocate Opperman’s original excavation, reanalyse and re-date the stratigraphic
sequence, and initiate new excavations at the site (Collins et al. 2017; Ames et al. 2020). The
GAPP aims to examine the role of the palaeoenvironment on mobility, subsistence, and
adaptation in the highland grasslands from Marine Isotope Stage (MIS) 3 (57-29 ka) through
to the recent past (Ames et al. 2020: 2). New excavations were initiated 1 m north of
Opperman’s trench (Fig. 2.3) and comprise three 1x1 m squares (B4, C4, and C5) (Collins et
al. 2017). Many of the broad LSA patterns reported by Opperman were substantiated by the
new excavation (Collins et al. 2017). In addition, a previously unknown TP occupation and a
perforated Nassarius marine shell were discovered (Collins et al. 2017, 2020; Ames et al.
2020).

Additional dates were obtained for the GRS sequence, including 16 radiocarbon age
estimates from intact charcoal fragments and eight single-grain Optically Stimulated
Luminescence dates. Three occupational pulses are recorded at Grassridge, namely the LP
(ca. 45-28 ka), TP (ca. 13.5-11.6 ka), and the MH (ca. 7.3-6.8 ka) (Collins et al. 2017; Ames
et al. 2020). Similar, pulsed occupational sequences are recorded at sites across southern
Africa (Lewis 2008, 2011; Stewart & Mitchell 2018), implying a complex relationship
between rapid palaeoenvironmental change and mobility within this biogeoclimatically

diverse region (Ames et al. 2020: 15).
The LP (Lithostratigraphic Zone [LZ] II) layer (Fig. 2.5) contains 500-800 mm of

yellowish-brown to brown sand that accumulated gradually during MIS 3 and is primarily of
geogenic origin (Collins et al. 2017: 164; Ames et al. 2020). Occupation of the site is
relatively consistent, until immediately above the carbonate crust (Fig. 2.5) where bulk
sediments indicate an increase in occupational intensity. Lithostratigraphic Zone Il and | are
separated by a thin (10-30 mm) carbonate crust (Collins et al. 2017: 164; Ames et al. 2020).
This feature is located below the recently identified TP layer and is found within the upper
portion of Opperman’s LBS layer (Fig. 2.5). Therefore, Opperman’s LBS layer should be
considered mixed as it contains both Pleistocene and Holocene sediments (Collins et al.
2017: 164-165).

The carbonate crust development is unusual as calcium carbonate is relatively scarce in this
sandstone-dominant landscape. It may be the remnant of a microbial mat that lithified into
calcium carbonate (Ames et al. 2020). Its presence may explain the depositional gap between

the LP and TP layers as this hardened surface promoted surface runoff and erosion (Chafetz
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& Buczynski 1992; Freytet & Verrecchia 1995; Riding 2000; Northup & Lavoie 2001;
Morley et al. 2017; Ames et al. 2020). Alternatively, regional records suggest that conditions
were dry and cool during MIS 2 (29-14 ka) which could explain the occupational gap at GRS
(Lewis 2008; Ames et al. 2020). However, the microbial mat’s presence suggests that some
water was available at the end of MIS 3 and possibly some of MIS 2 (Ames et al. 2020: 13).

. :hi;ﬁ;d | »\:

Approximate 1979 stratigraphy

Figure 2.5: Photograph of Opperman's excavation with an overlay of the 1979 stratigraphic
sequence and the GAPP lithostratigraphic zones (red segments = 100 mm) (In Collins et al.
2017: 165).

Lithostratigraphic Zone | contains the TP (LZ Ib) and MH (LZ la) layers which consist of
500-700 mm of grey, ashy, predominately silty sediments rich in lithics, OES fragments and
beads, marine shell beads, fauna, worked bone, ochre, and charcoal (Collins et al. 2017,
2020; Ames et al. 2020). The site was reoccupied during the TP from ca. 13.5to 11.6 ka,
which roughly corresponds with the Younger Dryas (YD; 13-11.5 ka) chronozone. This
occupation is represented by a thin layer that accumulated at a similar rate to the deposits
from MIS 3. High artefact density and the presence of a large diameter combustion feature

suggest that the shelter was used intensely during this period (Ames et al. 2020: 13). The
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lithic assemblage is consistent with the Albany/Oakhurst technocomplex and comprises large
side and end scrapers, but lacks backed segments (Deacon 1978, 1984; Opperman 1984,
1988; Lombard et al. 2012; Collins et al. 2017, 2020). The site is abruptly abandoned around
11.6 ka; however, the abruptness of this sedimentary transition warrants caution as LZ la may
truncate LZ Ib. Some of the TP (LZ Ib) occupation was possibly removed, perhaps through
hearth construction and maintenance by the MH occupants or by erosion (Ames et al. 2020:
13).

The MH occupation (LZ la) is brief and intense. Chronostratigraphic results reveal that the
MH inhabitants constructed and maintained hearths throughout the sequence (Ames et al.
2020: 13). Intact combustion features are present as well as triplets of stratified ash, rubified
sediment, and charcoal, intertwined with thick ashy sediment deposits (Goldberg &
Bar-Yosef 2002; Meignen et al. 2007; Ames et al. 2020: 13). This is further supported by the
presence of many woody-plant phytoliths and calcined and burnt bones (Collins et al. 2017,
Ames et al. 2020: 13). The lithic assemblage includes backed segments, single platform
cores, and small convex scrapers, most likely associated with the Wilton technocomplex
(Deacon 1984; Opperman 1987; Lombard et al. 2012; Collins et al. 2017; Ames et al. 2020).

Additional work on the faunal remains, marine shell, and OES has been done by Beard
(2018), Geoghegan (2019), Craig et al. (2020), and Collins et al. (2020). Beard (2018) used
morphologically identified bovid remains to infer the palaeoenvironmental conditions at GRS
during the Early Holocene (now TP) and MH. He found no significant difference between the
number of browsers, grazers, and intermediate feeders during the TP and MH suggesting that
there was no vegetation change, and thus no palaeoenvironmental change. He did, however,
document a shift in bovid size class and concluded that there was a shift in subsistence
strategy through time. These results are inconsistent with the palaeoenvironmental study
conducted by Ames et al. (2020) which documents palaeoenvironmental change at GRS from
the TP to the MH. Geoghegan (2019) analysed the taphonomy and skeletal element
representation of bovids to examine changes in subsistence behaviour at GRS during the TP
and MH. Her study documents change in subsistence behaviour and suggests that changing
environmental conditions resulted in these changes as opposed to overexploitation or

resource stress (Geoghegan 2019: 42).

Craig et al. (2020: 1) analysed the effects of heating OES on bead manufacturing. An
experimental sample of OES fragments were heated and manufactured into beads and then
compared with the worked OES assemblage from GRS (Craig et al. 2020: 1). The results
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from this study suggest that deliberate heat-treatment of OES did not aid bead manufacture
and that colour change most likely occurred after the beads were discarded, broken, or
finished (Craig et al. 2020: 8). Collins et al. (2020) examined MIS 1 gastropod and OES bead
assemblages from GRS. Results from this study emphasised the importance of bead
manufacture at GRS during the TP and MH (Collins et al. 2020: 18). Variation is found in the
bead size, aperture, and diameter, possibly indicating changes in stylistic preferences and/or
different bead manufacturing traditions (Collins et al. 2020: 17). Similar trends are
documented at other sites in Africa (Miller 2019; d’Errico et al. 2020) and have been
associated with changing lithic technocomplexes, (Ames et al. 2020; Collins et al. 2020), and
other broad cultural changes (Collins et al. 2020: 17). Use-wear and residue analysis suggest
that these beads were used as ornaments or jewellery which came into contact with ochred
surfaces, such as hide or skin (Collins et al. 2020: 17-18).

To date, only one other major archaeological project (published and excluding rock art) has
taken place in the Stormberg region. This project was undertaken by Dr Garth Sampson
(1968, 1970, 1972) at Merino Walk in response to the construction of the Gariep and
Vanderkloof dams along the Orange River. Both MSA and LSA occupations were identified
(Sampson 1968, 1970, 1972).

2.1.2 ARCHAEOLOGICAL BACKGROUND

Further investigation into the pulsed occupations at GRS and other southern African sites
could provide critical insight into socio-cultural networks across southern Africa and their
relationship to fluctuating palaeoenvironments through time (Ames et al. 2020: 2). The
following section will discuss the occupational sequences and material culture from several
southern African sites from MIS 3 to 1. Notably, MIS 1 will not include the last 5000 years

and this section will not discuss the palaeoenvironment as it is discussed later.

Marine Isotope Stage 3 (57-29 ka)

This period is marked by the abandonment of sites in the southern Cape with continued or
increased occupation in the interior and near the eastern coast of southern Africa (Deacon &
Thackeray 1984; Wadley 2015; Wurz 2019). Sites include Border Cave (d’Errico et al. 2012;
Villa et al. 2012), Boomplaas Cave (Mitchell 2008; Pargeter et al. 2018), GRS (Opperman
1984, 1987, 1988; Collins et al. 2017; Ames et al. 2020), Ha Makotoko (Mitchell & Arthur
2014), Melikane (Stewart et al. 2012; Stewart et al. 2016), Ntloana TSoana (Mitchell &
Steinberg 1992; Jacobs et al. 2008), Rose Cottage Cave (Wadley 1997, 2004), Sehonghong
(Mitchell 1994; Pargeter et al. 2017), Sibudu Cave (Wadley et al. 2011; Conard et al. 2012),
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Strathalan B (Opperman & Heydenrych 1990; Opperman 1992, 1996), and Waterfall Bluff
(Fisher et al. 2020). Occupational shifts likely occurred due to the onset of hyperarid
conditions in the southern Cape, however, rising sea levels may have resulted in flooding at
these sites (Deacon & Thackeray 1984; Wurz 2019).

Faunal assemblages were dominated by grazers and large to very large bovids, some small
animals were present (Clark & Kandel 2013; Wurz 2019). Lithic assemblages from the
beginning of MIS 3 mostly comprise unifacial retouched points such as those found at Border
Cave, Sibudu Cave, and Rose Cottage Cave (Wurz 2013). Tool forms and techniques
changed at Border Cave between ca. 49-45 cal. kBP, a period marked by a decline in both the
production of blades and conventional retouched pieces, the absence of unifacial points, and
an increase in bipolar knapping (Villa et al. 2012: 13209). This is paralleled at Rose Cottage
Cave at 47.1 + 10.2 ka (Soriano et al. 2007) and may suggest that populations interacted with
one another and encouraged the transmission of cultural information within and between
different regions (Villa et al. 2012; Mackay et al. 2014). The ‘Early Later Stone Age’
assemblage first appears at Border Cave around 46 to 43 kBP and is characterised by
unstandardised microliths and bipolar artefacts (Lombard et al. 2012; d’Errico et al. 2012;
Villa et al. 2012; Bousman & Brink 2018; Wurz 2019). This pattern of simplification is not
observed in other aspects of material culture which include well-preserved bone artefacts,
bored stones, a digging stick, OES beads, and engraved and decorated bone. This may
provide “early evidence of San material culture” (d’Errico et al. 2012: 1; Villa et al. 2012:
13210). However, this implies that ethnic groups have survived largely unchanged since the
LP and has arisen from a fundamental misunderstanding of the nature of archaeological and
cultural taxonomies, and ultimately misuses analogical reasoning (Pargeter et al. 2016: 1072).
Early LSA assemblages gradually appear throughout southern Africa and coincide with late
MSA industries, persisting until 22—-21 kBP in the interior region (Opperman & Heydenrych
1990; Wurz 2019).

Marine Isotope Stage 2 (29-14 ka)

Marked cultural changes are documented across southern Africa from MIS 3 to 2 (Loftus et
al. 2019). During MIS 2, only a few archaeological sites are occupied in the southern African
interior (Mitchell 2013; Ames et al. 2020), including Boomplaas Cave (Deacon 1995;
Pargeter et al. 2018), Strathalan B (Opperman & Heydenrych 1990; Opperman 1992, 1996),
Ha Makotoko (Mitchell & Arthur 2014), Melikane (Stewart et al. 2016), Sehonghong
(Mitchell 1996a; Pargeter et al. 2017; Loftus et al. 2019), and Rose Cottage Cave (Wadley
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1997; Loftus et al. 2019). Occupational and population trends were drastically affected by the
onset of the Last Glacial Maximum (LGM; 24-18 cal. kBP) (Chase & Meadows 2007; Wurz
2019).

Microlithic technology and compound hafted tools appeared, and symbolic material culture
became widely adopted and used more regularly (Loftus et al. 2019). Both final MSA and
Robberg-like lithic assemblages were present (Opperman 1992, 1996; Mitchell 1995; Clark
1997). The Robberg technocomplex is characterised by microlithic technologies with an
emphasis on small, unretouched bladelets (Wurz 2019) and occurs at most southern African
sites from 22—-12 kBP (Lombard et al. 2012). It was first documented in the Lesotho
highlands, at Melikane (20 200 + 150 BP; Pta-1407) and Sehonghong (19 400 + 200 BP;
Pta-6281), and in the southern Cape at Nelson Bay Cave (19 110 + 110 BP) (Klein 1974;
Deacon 1978; Mitchell 1996a; Loftus et al. 2016b) and spread rapidly through southern
Africa.

Lithic data pre-dating the LGM in and around the Maloti-Drakensberg Mountains (i.e., Rose
Cottage Cave, Sehonghong, Ha Makotoko, Ntloana TSoana, and Strathalan) record lower
core to retouch ratios, lower lithic discard intensity, and higher retouched tool frequencies.
These data indicate an increase in mobility across the region and individual provisioning
systems. Conversely, lithic data from the LGM record higher core to retouch ratios, higher
lithic discard intensity, and lower retouched tool frequencies, suggesting a reduction in

regional mobility and place provisioning strategies (Loftus et al. 2019: 13).

Interior occupations post-dating the LGM (19-14 ka) are recorded at Ha Makotoko (Mitchell
& Arthur 2014), Rose Cottage Cave (Wadley 1995, 1996), Sehonghong (Mitchell 1995;
Pargeter et al. 2017; Loftus et al. 2019), and Boomplaas Cave (Deacon 1979; Deacon 1984;
Pargeter et al. 2018). Lithic data in and around the Maloti-Drakensberg Mountains is variable
with a wide range of lithic discard intensities at all four sites (i.e., Ntloana TSoana, Ha
Makotoko, Rose Cottage Cave, and Sehonghong); these values are significantly higher than
those pre-dating the LGM (Loftus et al. 2019: 14). The core to retouch ratios at Sehonghong
are significantly higher than the other three sites, suggesting some continuation of
provisioning systems in the highlands. Furthermore, low core to retouch ratios and increased
retouched tool frequencies are recorded at these sites suggesting that regional mobility and
individual provisioning systems increased. The frequency of retouched tools from
Sehonghong is low (Loftus et al. 2019: 14).
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Boomplaas Cave records its highest occupational intensity at 17-13 cal. kBP (Member CL).
Marine shell was found in member CL suggesting that there was a link to the coast, either
through group movement or exchange networks (Deacon 1984). Moreover, the number of
bone tools, tortoise shell bowls, and OES fragments in member CL increases drastically
(Deacon 1984), indicating a complex process of social and technological change during a
period of fluctuating palaeoenvironmental conditions and landscape reorganisation (Pargeter
et al. 2018: 3). Marine/estuarine shell ornaments are also found at Sehonghong around 24-23
cal. kBP and 15-14 cal. kBP, indicating a relationship between the interior and the coastal
regions (Loftus et al. 2019: 14).

Marine Isotope Stage 1 (14-5 ka)

The shift from MIS 2 to 1 is accompanied by increasing environmental productivity and
expanding populations (Mitchell 1997). A brief cold event, namely the YD (ca. 13-11.5 cal.
kBP), interrupted post-glacial warming (Alley et al. 1993; Andres et al. 2003; Thackeray &
Scott 2006), during which only a few interior sites were occupied (Mitchell & Arthur 2014;
Collins et al. 2017; Fitchett et al. 2017a; Loftus et al. 2019; Ames et al. 2020). The Robberg
technocomplex is replaced by the Oakhurst and appears at most sites between 12—-8 kBP. It is
characterised by large macrolithic scrapers and flakes, lacking microlithic technology
(Sampson 1974; Deacon 1978, 1984; Lombard et al. 2012). This transition is accompanied by
an increase in the number of interior sites and population expansion (Wadley 1993). As the
number of sites increases, there is a tendency toward more homogenous flakes and symbolic
material culture such as bone and shell beads, engraved OES, and bone artefacts, especially
after 10 ka (Wadley 1993; Mitchell 1997, 2002; Lombard et al. 2012; Dayet et al. 2017,
Ryano et al. 2017). During the TP, Robberg-like assemblages occur at Blydefontein
Rockshelter (Bousman 2005), Sehonghong (Mitchell 1996b; Pargeter et al. 2017), Rose
Cottage Cave (Wadley 1997), and Ravenscraig (Opperman 1987) with Oakhurst-like
assemblages occurring at GRS (Collins et al. 2017; Ames et al. 2020), Ha Makotoko
(Mitchell & Arthur 2014), Tloutle Rockshelter (Mitchell 1993), Rose Cottage Cave (Wadley
2000a), Nelson Bay Cave (Loftus et al. 2016b), Boomplaas Cave (Deacon 1979), and Te
Vrede (Opperman 1987). Furthermore, a regional variant of the Oakhurst technocomplex, the
Lockshoek, dated to 8541 + 471 BP (SMU-1823) was identified in the eastern Karoo
surrounding Blydefontein and is characterised by large unifacial scrapers, large flakes, and a

few cores (Sampson 1974; Bousman 2005).
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There is a notable shift in subsistence activity and diet from the TP to MH, with focus
shifting from large bovids to small bovids and territorial animals (Klein 1972, 1974, 1978;
Opperman 1984, 1987; Plug & Engela 1992; Bousman 2005; Barham & Mitchell 2008). This
trend is less noticeable at coastal sites (e.g., Nelson Bay Cave) where there are massive
accumulations of shellfish (Klein 1972, 1974). At GRS there is an increase in small bovids
such as grey rhebok (Pelea capreolus), mountain reedbuck (R. fulvorufula), steenbok/grysbok
(Raphicerus sp.), and klipspringer (Oreotragus oreotragus) (Opperman 1984: 403). A similar
trend is found at sites above the escarpment, namely Colwinton (Opperman 1982, 1987)
while a contrasting trend is found at sites below the escarpment, namely Te Vrede and
Bonawe, where equids and alcelaphines occur throughout the Holocene (Opperman 1984,
1987).

An interesting yet complex relationship exists between beads, pigments, and residues at GRS
(Collins et al. 2020) and Bushman Rockshelter (Dayet et al. 2017). At Bushman Rockshelter
beads are manufactured from OES, marine shell (N. kraussianus), and giant land snail shell
(Achatina sp.). Residue and pigment were found on some of the beads suggesting that they
encountered ochred surfaces (i.e., skin), and may have been used to convey complex social
messages (Dayet et al. 2017; Collins et al. 2020). The presence of marine shell beads at GRS
and Bushman Rockshelter is interesting as both sites are located approximately 200 km away
from the coast. Thus, indicating the existence of a long-distance relationship between the
interior regions and the coast (Collins et al. 2017, 2020; Dayet et al. 2017).

The Oakhurst technocomplex is replaced by the Wilton around 8 kBP. It is characterised by
microlithic tools and includes thumbnail scrapers, straight-backed bladelets, and segments
(Sampson 1974; Deacon 1984; Wadley 1993; Mitchell 1997, 2002). The MH Wilton
occupation at GRS is contemporaneous with other sites in the high elevation grasslands, like
Colwinton (Opperman 1987), Rose Cottage Cave (Wadley 2000b), Tloutle Rockshelter
(Mitchell 1990; Mitchell 1993), and Sehonghong (Mitchell & VVogel 1994).

2.2 FAUNAL THEORY AND METHODS

Zooarchaeology is the identification, analysis, and interpretation of faunal remains from
archaeological sites to gain insight into the relationship between humans, animals, and their
environment (Reitz & Wing 2008; Brandt et al. 2018). Zooarchaeological studies comprise
several qualitative and quantitative methodologies and theoretical frameworks, enabling the
study of several topics, including resource exploitation, animal domestication and husbandry,

diet, palaeoenvironment, cultural identities, trade networks, and economy across a range of
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periods, geographical regions, and settlement types (Reitz & Wing 2008; Steele 2015;
Makarewicz 2016; Brandt et al. 2018). This section will examine some of the methods used

to examine and interpret faunal remains from archaeological sites.

Current zooarchaeological research is composed of anthropological, methodological, and
biological research (Reitz & Wing 2008). It is best contextualised within the wider scope of
environmental archaeology which examines the efficient relationship between humans and
their environment (Reitz et al. 2012; LeFebvre & Sharpe 2018). The ontological foundation
of environmental archaeology is the understanding that we are working with zoological
remains that can be defined objectively and understood within an environmental and
biological context (LeFebvre & Sharpe 2018: 38). Therefore, we accept the principles and
uses of analogical reasoning and uniformitarian approaches within zooarchaeological studies,
especially those used to identify species and serve as palaeoenvironmental proxies (LeFebvre
& Sharpe 2018: 38).

2.2.1 ZOOARCHAEOLOGICAL METHODS

Faunal remains are commonly found at archaeological and palaeontological sites.
Zooarchaeological studies are reliant on secure taxonomic identifications. It is a central goal
of most faunal analyses and constitutes the primary source of data for almost all other
zooarchaeological quantification and interpretation (Wolverton 2013; Janzen et al. 2021).
This section will discuss the morphological and biomolecular methods used to identify faunal

remains and will highlight the advantages and limitations of each.

2.2.2 MORPHOLOGICAL METHODS

Faunal remains are traditionally identified by osteomorphological analysis by comparing the
diagnostic morphological features on archaeological bone to identified bones in modern
reference collections (Klein & Cruz-Uribe 1984; O’Connor 2000; Reitz & Wing 2008;
Chowdhury et al. 2021). This method relies on analogical inferences and uniformitarian
principles and assumes that archaeological specimens share similar morphological
characteristics with their contemporary counterparts (Lyman 2010; Brandt et al. 2018;
LeFebvre & Sharpe 2018).

Osteomorphological analysis may provide vital information about age at death, bone element,
bone preservation, pathology, sex, and traces of wear, but suffer from certain limitations. The
most notable limitation is the inability to identify highly fragmented remains, which often
lack diagnostic features (Lyman 1994; Buckley et al. 2009; Steele 2015; Buckley et al. 2017,
Brandt et al. 2018; Buckley 2018; Chowdhury et al. 2021). As a result, a large portion of the
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sample may be neglected, introducing bias, and limiting archaeological and environmental
data (Badenhorst & Plug 2011; Buckley & Collins 2011; Buckley 2018). Marean et al. (2001,
2004) attempted to mitigate these issues by refitting long bone fragments. This method,
however, time-consuming and requires specialist knowledge. Additional factors impacting
the success of osteomorphological analysis include analyst experience, access to and quality
of reference collections, and an implicit understanding of standard zooarchaeological
procedures, methods, and theories (White 1992; Reitz & Wing 2008; Buckley et al. 2010;
Buckley & Kansa 2011; Gifford-Gonzalez 2018). Several methods are proposed to overcome
these issues, ranging from histology (Harsanyi 1993; Hillier & Bell 2007; Cuijpers &
Lauwerier 2008; Greenlee & Dunnell 2010) to biomolecular methods (Lowenstein et al.
2006; Blow et al. 2008; Buckley et al. 2009; Coutu et al. 2016; Janzen et al. 2021).

2.2.3 BIOMOLECULAR METHODS

Biomolecular methods, such as ancient DNA (aDNA) (Campana et al. 2013; Matisoo-Smith
2018), protein-based methods (Fletcher et al. 1984; Kang'ethe & Gathuma 1987; Hollemeyer
et al. 2002; Buckley et al. 2009), and stable isotopes (Makarewicz & Sealy 2015; Loftus et
al. 2016a) have revolutionised zooarchaeological studies in the 21% century. These
approaches may expand the scope of zooarchaeological studies, improve taxonomic
resolution and identification rates, provide access to previously neglected unidentifiable bone
fragments, and reduce bias introduced by analysts (Horsburgh et al. 2016; Janzen et al.
2021). However, these approaches do not replace morphological analysis but rather aim to

revise and complement them.

Ancient DNA

Ancient DNA is widely used to identify archaeological specimens as the molecule is
predominant and provides a pre-eminent level of genetic information (Fiddyment et al. 2015;
Brown et al. 2016; Buckley 2016; O’Sullivan et al. 2016; Buckley et al. 2017; Cassidy et al.
2017; Librado et al. 2017; Welker 2017; Matisoo-Smith 2018). This approach is objectively
superior to morphological approaches and has been used to confirm or revise morphological
identifications, such as those from Blydefontein Rockshelter, South Africa where aDNA
showed that five out of the six specimens were incorrectly identified as domestic stock using

morphological analysis (Horsburgh & Moreno-Mayar 2015; but see Scott & Plug 2016).

Unfortunately, aDNA studies are expensive, have contamination issues, require specialist
facilities and knowledge, are destructive, and they have a low rate of success (Brown &
Brown 1992; Nielsen-Marsh & Hedges 2000; Haile et al. 2007; Leonard et al. 2007;
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Campana et al. 2013; Buckley 2018; Gifford-Gonzalez 2018; Matisoo-Smith 2018). The
success rate of aDNA decreases with age and in torrid or temperate environments
(Nielsen-Marsh & Hedges 2000; Kahila Bar-Gel et al. 2002; Campana et al. 2013); these
environments often contain the largest range of wild and domestic fauna (Buckley 2018:
227).

Proteins are generally more robust than aDNA and have often been detected in samples that
fail to yield usable aDNA (Buckley 2013, 2015; Hendy 2021). However, the relationship
between aDNA and protein survival in the same samples is still poorly understood (Buckley
et al. 2008a). Several alternatives are proposed to overcome these issues (Cattaneo et al.
1992; Collins et al. 1998; Ostrom et al. 2000; Ostrom et al. 2006; Buckley 2016).

Protein-based Methods: Collagen

Bone contains many taxonomically informative proteins, including the abundant and
persistent collagen type 1 (COL1) protein (Buckley et al. 2008b, 2010; Buckley & Kansa
2011; Buckley & Wadsworth 2014). Type | collagen is a large heterotrimeric molecule,
consisting of two identical alpha-1 chains and one genetically distinct alpha-2 chain (Termine
1993; Buckley et al. 2008b; Buckley 2018). The chain structure is formed by glycine, which
is very flexible and allows the alpha chains to bend and create a helix that connects with
hydroxylysine cross-linkages and creates fibrils that are closely organised with bone apatite
(Shoulders & Raines 2009). The chain structure is highly conserved but significant variation
in the alpha-2 chain allows it to be used for species identification (Chu et al. 1984; Buckley et
al. 2009; Shoulders & Raines 2009; Henriksen & Karsdal 2016; Buckley 2018).

Collagen is selectively enriched when non-collagenous proteins degrade (Wadsworth &
Buckley 2014). Under optimal conditions measurable amounts of collagen can survive for
well over 100 ka (Jones et al. 2001; Lee-Thorp 2008). However, collagen survival is subject
to certain biological, chemical, and environmental factors (i.e., moisture, pH, weathering, and
temperature) but its survival is intimately linked with the preservation of hydroxyapatite, the
mineral component of bone (Richter 1986; Stiner et al. 1995; Taylor et al. 1995;
Nielsen-Marsh et al. 2000; Collins et al. 2002; Lee-Thorp 2008; Gifford-Gonzalez 2018;
Kendall et al. 2018). Preservation of the mineral component (antler, bone, or dentine)
regulates collagen biodegradation, making collagen more resistant to high temperatures and
the deleterious effects of long-term burial (Collins et al. 2002, 2010: 6; Buckley et al. 2009;
Buckley & Kansa 2011; San Antonio et al. 2011; Harvey et al. 2016; Brandt et al. 2018: 3;
Desmond et al. 2018).
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Thus, in the absence of mineral dissolution, collagen should not significantly degrade over
time as seen in temperate environments (Nielsen-Marsh et al. 2000: 442). Collagen, however,
deteriorates more rapidly in tropical and warm environments (Lee-Thorp 1989; Ambrose
1990; Klinken 1991; Holmes et al. 2005; Lee-Thorp & Sponheimer 2006; Pestle & Colvard
2012). Notably, collagen degradation is significant at most African sites by ca. 10-20 ka
(Lee-Thorp 1989; Lee-Thorp & Sponheimer 2006). Mineral dissolution is promoted by low
pH which makes collagen more susceptible to degradation (Nielsen-Marsh et al. 2000).
Hydroxyapatite is less likely to dissolve and is most stable when pH is above 7.5 (Lindsay
1979; Gordon & Buikstra 1981; White & Hannus 1983). The sediments from GRS have a pH
value ranging between 7.9 and 8.8 (Ames et al. 2020). These values are high when compared
to the pH values of sandstone rockshelters from around the globe. For example, pH ranges
from 5.0 to 5.5 at Gledwood Shelter 1, Australia (Lowe et al. 2018), 4.5 to 5.5 at Nonda Rock
Rockshelter, Australia (David et al. 2007), 3.7 to 5.8 at Loberia | Rockshelter, Argentina
(Martinez et al. 2013), 4.4 to 6.4 at Santana do Riacho Rockshelter, Brazil (de Sousa et al.
2017), and 4.9 to 8.9 at Umhlatuzana Rockshelter, South Africa (Reidsma et al. 2021).

Despite a range of taphonomic processes, collagen protein sequences are known to survive in
deep time and under sub-optimal conditions (Asara et al. 2007; Buckley et al. 2008b;
Buckley et al. 2011; Cappellini et al. 2012; Wang et al. 2012; Rybczynski et al. 2013; Le
Meillour et al. 2018). Collagen is abundant and resilient and is utilised for stable isotope,
radiocarbon dating, and Zooarchaeology by Mass Spectrometry (ZooMS) analyses (Longin
1971; Vogel & van der Merwe 1977; Jones et al. 2001; Buckley et al. 2008b; Lee-Thorp
2008; Buckley et al. 2015).

2.2.4 ZOOARCHAEOLOGY BY MASS SPECTROMETRY

Taxonomic identification using ZooMS is facilitated by peptide mass fingerprinting of
proteins (i.e., COL1) (Buckley et al. 2008b, 2009; Buckley 2018; Culley 2021). This method
(Fig. 2.6) does not directly identify the amino acid sequence but rather compares the
distribution of peptide masses (i.e., the mass spectra) of an unknown sample with known
samples in the reference database (Hendy 2021). Early studies isolated the collagen a2(l)
carboxytelopeptide using solid-phase extraction after being digested by bacterial collagenase
(Buckley et al. 2008b; Buckley 2018). A single 18 amino acid peptide was produced but
could not sufficiently separate some of the major domesticates, such as goat (Capra hircus)
and sheep (Ovis aries), prompting further methodological developments (Buckley & Kansa
2011; Buckley 2018). Buckley et al. (2010) produced a single 33 amino acid peptide by
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isolating the collagen a2(I) using a similar solid phase extraction method following digestion
with trypsin and was later verified by aDNA (Campana et al. 2013). This method has been
further simplified and the adoption of a specialised C18 pipette tip has allowed samples to be
separated into two fractions (Buckley et al. 2009; Buckley 2018).
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Figure 2.6: Flow chart showing the process of ZooMS (In Brandt et al. 2018: 4).

There are several advantages to using ZooMS; however, it must be noted that this method
does not attempt to replace aDNA or traditional morphological approaches but rather aims to

revise and complement them. Advantages of ZooMS include (1) collagen’s dominance in
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bone and the ability to collagen fingerprint bones with limited amounts of collagen (Buckley
et al. 2011), (2) the persistence of collagen in bone for long periods and warmer
environments (Asara et al. 2007; Schweitzer et al. 2009; Buckley et al. 2009, 2010;
Rybczynski et al. 2013; but see Buckley et al. 2008c; Kaye et al. 2008; Bern et al. 2009 for
comments on dinosaur collagen), (3) low cost of analysis (Buckley et al. 2009, 2010), (4)
significant reduction in contamination issues (Buckley et al. 2009, 2010), (5) rapid results
from otherwise unidentifiable specimens (Buckley et al. 2009, 2010), (6) minimal to
non-destructive sampling (Fiddyment et al. 2015; Coutu et al. 2016; Brandt et al. 2018), (7)
excellent screening method for large assemblages (Brown et al. 2016; Welker et al. 2016),

(8) can be successfully used by non-specialists (Kirby et al. 2013; Fiddyment et al. 2015).

The most notable limitation is the taxonomic resolution of ZooMS compared to aDNA.
Zooarchaeology by Mass Spectrometry identifications are, however, significantly better than
those achieved by other molecular and non-molecular approaches (Buckley et al. 2010,
2017). Genus-level identifications are often achieved by ZooMS, although there are notable
exceptions (Buckley et al. 2011, 2016, 2018; Rybczynski et al. 2013; Coutu et al. 2016;
Bradfield et al. 2019, 2021; Buckley & Cheylan 2020; Janzen et al. 2021). Some taxa may
not be taxonomically consistent with their phylogenetic expectations, so the extent of
molecular diversity and thus collagen fingerprint specificity may vary between taxa (Buckley
2018). For example, Alces is difficult to separate from Cervus/Dama, whereas Rangifer and
Capreolus are easier to separate, even though Rangifer should be closer to Alces than
Capreolus is to Cervus/Dama (Welker et al. 2015; Buckley 2018). Another limitation of
ZooMS is the lack of a robust peptide marker reference database outside of Eurasia (Brandt et
al. 2018; McGrath et al. 2019; Janzen et al. 2021).

African bovids are often coarsely identified to family or bovid size class using traditional
methods (Klein 1976; Brain 1981). While bovids are osteologically similar their diets and
habitat preferences are extremely diverse making them an ideal palaeoenvironmental proxy
(Vrba 1980; Gagnon & Chew 2000; Skinner & Chimimba 2005; Jousse & Escarguel 2006;
Faith 2011a; Roberts et al. 2020). Collagen peptide mass fingerprints are highly conserved in
African bovids, often resulting in sub-family or tribal-level identifications when using
ZooMS (Table 2.1). Despite lower resolutions than aDNA, tribal identifications are useful as
bovid tribes have diverse dietary and habitat requirements. For example, members of the
Alcelaphini tribe are water-dependent (WD) open grassland grazers while members of the

Cephalophini tribe are water-independent (WI) closed forest or canopy browsers (Skinner &
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Chimimba 2005; Hempson et al. 2015). The level of taxonomic resolution is likely related to
collagen turnover rates. A divergence time of approximately four to five million years is
required for identifiable discriminatory markers to develop in mammals with slow rates of
collagen sequence evolution, mostly medium-large sized mammals (Buckley & Collins 2011;
Buckley et al. 2011, 2017). Less divergence time is required in small mammals which have
higher rates of amino acid substitution (Gu & Li 1992; Buckley et al. 2016). However, the
effect of the peptides’ chemical properties on species identification cannot be discounted

(Buckley et al. 2017: 408).

Table 2.1: Taxonomic resolution of faunal identifications using ZooMS from various sites and time
periods in Africa. Most common taxonomic identification highlighted in green, this does not include
failed samples which are shown in grey.

Taxonomic Resolution
c
. . “
Location n Approximate age | 1 = 23| 3 s % a Reference
(BP) ZE|Z|S5|8|<g|3
NElF|lO | &| |2
-}
North interior region, Bradfield et al.
South Africa 77 <2000 33 1|11 0| 0 | 32 2019
Zambia 192 500-4000 58 |41 5| 0| 3|85 Janzze(;‘zit al
Taforalt, Morocco | 13 | 1350015000 | 0 | 0 | 8 | 5 | 0 | O Desmzoonldset al
Kwa-Zulu Natal, Bradfield et al.
South Africa 83 150-8500 2 35 | 6 1 0 | 39 2021
Panga ya Saidi, 105 320-1180 20 5 o le1l 3 |19 Culley et al.
Kenya 2021a

Recent work by Bradfield et al. (2021) and Janzen et al. (2021) has significantly expanded
the African bovid peptide marker reference database, however, a lot more work is required
here. Modern specimens should be submitted along with archaeological specimens (M.

Buckley, personal communication, 2021).

Applications of ZooMS: Beyond Species Identification

ZooMS has been used on an array of archaeological materials, including bone (Buckley et al.
2009; Janzen et al. 2021), hair (Solazzo et al. 2011), antler (von Holstein et al. 2014), skin
(Kirby et al. 2013; Brandt et al. 2014; Fiddyment et al. 2015), eggshell (Stewart et al. 2013;
Presslee et al. 2018), and mollusc shell (Sakalauskaite et al. 2020). It can discriminate
between closely related domesticates, like sheep and goat (Buckley et al. 2009, 2010;
Buckley & Kansa 2011), wild fauna (Buckley & Collins 2011; Buckley & Kansa 2011;
Buckley et al. 2016, 2017; Buckley & Herman 2019; Janzen et al. 2021; Peters et al. 2021),
marine animals (Buckley et al. 2014; van der Sluis et al. 2014; Harvey et al. 2019; Wagner et
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al. 2020; Winter et al. 2021), amphibians (Buckley & Cheylan 2020), molluscs
(Sakalauskaite et al. 2020), and fish (Richter et al. 2011, 2020; Harvey et al. 2018, 2019).

The combination of ZooMS with other methods is beneficial and may reduce bias. It provides
identifications for rare artefacts like worked bone and leather, allows ambiguous isotopic
identifications to be refined, increases sample size, and tests the reliability and accuracy of
morphological methods. Importantly, ZooMS provides an affordable screening method for
palaeoproteomics and radiocarbon dating (Buckley et al. 2010, 2017; Buckley & Kansa 2011;
van Doorn et al. 2011; Kirby et al. 2013; van der Sluis et al. 2014; Welker et al. 2015;
Harvey et al. 2016; Brandt et al. 2018; Bradfield et al. 2019, 2021; McGrath et al. 2019;
Pilaar Birch et al. 2019; Prendergast et al. 2019; Sinet-Mathiot et al. 2019; Kontopoulos et al.
2020; Bouchard et al. 2020; Janzen et al. 2021). For example, Buckley et al. (2010) found a
strong correlation (19/20 correctly identified) between the morphological and ZooMS
identifications of sheep and goat at Domuztepe, Turkey, suggesting that the morphological
criteria used to identify these species were reliable. Buckley and Kansa (2011), however,
documented a higher number of misidentifications (two of seven incorrectly identified) when
a wider range of taxa was examined, reducing our confidence in the morphological criteria.
Sites containing a diverse faunal assemblage will benefit from ZooMS as it has the potential
to reduce bias and increase palaeoenvironmental, symbolic, subsistence, and taphonomic
information (Buckley et al. 2017). Additionally, ZooMS provides a cost-effective method to
screen for aDNA analysis (Brown et al. 2016, Welker et al. 2016; Brandt et al. 2018;
McGrath et al. 2019) and increases the chance of identifying unexpected or exotic species
providing invaluable insight into prehistoric lifeways and relationships (Solazzo et al. 2011;
Brown et al. 2016; Buckley et al. 2017; Brandt et al. 2018). For instance, Brandt et al. (2018)
found evidence of long-distance trade networks and the pursuit of luxury items by some
inhabitants at Odense as indicated by a gaming piece made from walrus (Odobenus

rosmarus) tusk and combs made from local resources.

In recent years, non-destructive peptide mass fingerprinting has been used on unique or rare
artefacts (van Doorn et al. 2011; Fiddyment et al. 2015; McGrath et al. 2019; Kirby et al.
2020; Martisius et al. 2020). Three non-destructive methods have been proposed, the first
uses an ammonium bicarbonate (ABC) buffer to extract collagen from well-preserved bones
(van Doorn et al. 2011), the second extracts collagen using the triboelectric effect which
generates an electrostatic charge using a PVC eraser (Fiddyment et al. 2015) or a plastic

storage bag (McGrath et al. 2019), and the third abrades and removes a small amount of
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surface material using a very fine polishing film (Kirby et al. 2020). The success rates of
these analyses are variable and inconsistent, occasionally providing partial collagen peptide
fingerprints favouring low-molecular-weight peptides (Fiddyment et al. 2015; Brandt et al.
2018; Martisius et al. 2020). However, these methods have allowed researchers to access
previously inaccessible information from unique artefacts such as bone tools, parchment, and
photographs (Fiddyment et al. 2015; Bradfield et al. 2019, 2021; McGrath et al. 2019; Kirby
et al. 2020).

In Africa, ZooMS studies are limited (Coutu et al. 2016, 2021; Prendergast et al. 2017, 2019;
Desmond et al. 2018; Bradfield et al. 2019, 2021; Le Meillour et al. 2020; Culley 2021;
Culley et al. 20214, b; Janzen et al. 2021). These studies tackle similar issues and research
questions as those described above but their applicability in African environments has only
recently been explored. Of these studies, only four are from South Africa (Coutu et al. 2016,
2021; Bradfield et al. 2019, 2021). These studies focus on worked bone or ivory dating to the
last 2000 years. Older samples (3000-8700 BP) were examined by Bradfield et al. (2021) but
only 16.67% (n = 18) were successfully identified to tribe.

2.3 STABLE ISOTOPES

Stable isotope analysis emerged in the 1970s. Initial studies focused on human diet and later
included faunal and environmental studies (van der Merwe & Vogel 1978; Gifford-Gonzalez
2018). Two fundamental characteristics underlie stable isotope studies, namely, that dietary
sources have distinct isotopic compositions that allow them to be distinguished from one
another and that these distinct isotope ratios are integrated into consumer tissue (Kelly 2000:
4). Notably, stable isotope studies are reliant on middle-range theory, analogy, and
uniformitarian principles and may suffer from issues of equifinality and cannot determine the
dietary contribution of each dietary source (Bogaard & Outram 2013; Makarewicz & Sealy
2015).

2.3.1 ISOTOPES, ISOTOPE NOTATION, AND MEASUREMENTS

Isotopes are atoms of the same chemical element that have the same number of electrons and
protons, but a differing number of neutrons (Faure 1986; Fry 2006; Sulzman 2007;
Katzenberg 2008). The atomic mass is affected by the number of neutrons which cause subtle
differences in the physical properties of isotopologues and elements, affecting the isotopic
ratio (Farquhar et al. 1989; Hayes 1993; Dawson & Siegwolf 2007; Katzenberg 2008). There
are two properties or ‘isotope effects’, namely, equilibrium (reversible) or kinetic (occur in

one direction). The ratio of light to heavy isotopes varies because lighter isotopes have a
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higher vibration frequency and weaker bonds than heavier isotopes, thus less energy is
needed to break them, resulting in higher rates of reaction and ‘isotopic fractionation’
(Dawson & Siegwolf 2007; Katzenberg 2008). Isotopic fractionation occurs during chemical
reactions and the diffusion of a substance along a concentration gradient (Dawson &
Siegwolf 2007: 7). These biological or physiochemically mediated reactions result in isotopic
discrimination. Isotopic ratios are measured using an Isotope Ratio Mass Spectrometer.
(Dawson & Siegwolf 2007; Sulzman 2007).

2.3.2 STABLE CARBON ISOTOPES

Carbon has three naturally occurring isotopes, specifically, carbon-14 (**C), carbon-13 (**C),
and carbon-12 (*2C). Stable carbon isotopes, *3C and *2C, occur at 1.1% and 98.9% in the
atmosphere, respectively. They are dynamically interchanged between the atmosphere,
marine, and terrestrial environments (Peterson & Fry 1987; Fry 2006: 45). In recent times,
atmospheric carbon dioxide (CO2) has been progressively depleted in *C due to fossil fuel
combustion (Marino & McElroy 1991; Keeling et al. 2017: 10361). Overall, the global
atmospheric §3C average has declined from -6.4%o in pre-industrial times to -8.4%o at
present; this must be considered when measuring stable carbon isotope ratios (Marino &
McElroy 1991; Keeling et al. 2017: 10361).

Stable carbon isotope studies trace the flow of carbon through foodwebs. Atmospheric CO> is
incorporated into plants during photosynthesis, during which *3C is discriminated against
relative to *2C assimilation (O’Leary 1981; Ambrose & DeNiro 1986a, b; DeNiro 1987;
Farquhar et al. 1989). Discrimination of *C differs between Cs and C4 plants and was
realised when the radiocarbon dates of C4 plants were constantly underestimated compared to
Ca. This underlies the foundation of stable carbon isotope studies (Bender 1968; O’Leary
1981; van der Merwe 1982; Balasse 2003; Fry 2006; Makarewicz & Sealy 2015). Three
major photosynthetic pathways exist, namely, the Calvin-Benson cycle or C3 pathway, the
Hatch-Slack cycle or C4 pathway, and the Crassulacean Acid Metabolism (CAM) pathway
(Smith & Epstein 1971; Lee-Thorp 2008; Loftus et al. 2016a). Variation in the §**C values of
plants mostly results from the utilisation of different photosynthetic pathways, although
variation may occur due to fluctuating environmental conditions and CO> sources (Smith &
Epstein 1971; O’Leary 1981; Ehleringer & Cerling 2002; Lee-Thorp 2008; Loftus et al.
20164a; Lightfoot et al. 2020; Sanborn et al. 2021). Stronger discrimination against the heavy
13C isotope is found in Cs plants, resulting in lower *C:*2C ratios in C3 compared to C4 plants
(Bender 1968; Smith & Epstein 1971; Vogel et al. 1978).
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The Cs photosynthetic pathway (Fig. 2.7) is the oldest and most energy-efficient. It comprises
approximately 95% of terrestrial plants (Cerling et al. 1997; Fry 2006; Sharp 2017). Plants
utilising this pathway often occur in temperate environments and include trees, woody
shrubs, aquatic plants, most herbs, and temperate grasses (Ehleringer & Monson 1993; Still et
al. 2003; Fry 2006; Sharp 2017).
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Figure 2.7: Leaf anatomy and photosynthetic biochemistry of Cs plants
(Adapted from Ehleringer & Cerling 2002: 2).

Cs plants have §'3C values ranging from -36%o to -24%o, with a mean of -26.5%o (Smith
1972; Lee-Thorp 2008; Loftus et al. 2016a). This pathway begins with the uptake and
transfer of atmospheric COz across the stomata and into the internal gas space of leaves,
resulting in an apparent fractionation of roughly 4.4%. (O’Leary 1988: 398; Diefendorf et al.
2010: 5738). Kinetic isotope effects are responsible for this as 2CO is selectively diffused
over *CO; (Farquhar et al. 1989: 505). Carbon dioxide dissolves and diffuses to the
chloroplast, where the enzyme ribulose-1.5-biphosphate carboxylase/oxygenase (Rubisco)
combines CO> with ribulose bisphosphate to form two three-carbon molecules of
phosphoglycerate (Ehleringer & Cerling 2002). This reaction results in further discrimination
of 3C because differences in the kinetic constants of each reaction lead to the preferential
absorption of 2CO; (Farquhar et al. 1989: 505). Furthermore, a second discrete reaction is
catalysed by Rubisco and occurs when oxygen (O>) is the substrate. A phosphoglycolate
(two-carbon sugar) and a phosphoglycerate molecule are produced (Ehleringer & Cerling
2002). This oxygenase reaction is known as photorespiration and occurs when O, light, and
temperature are high, and CO and water are low. This results in reduced net carbon fixation
as a COz2molecule is formed and then lost through the stomata (Wingler et al. 2000;
Ehleringer & Cerling 2002; Edwards et al. 2010). The efficiency of the Cz pathway is,
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therefore inhibited by Rubisco’s sensitivity to O2 (Ehleringer & Cerling 2002). Nevertheless,
photorespiration may protect against certain stresses that can cause structural changes in
chloroplast, reduce the rate of photosynthetic CO; assimilation, and impede plant growth
(Wingler et al. 2000: 1517). The Cs pathway evolved over 2800 million years ago in a
COo-rich atmosphere. Atmospheric CO2 began to decline 30 million years ago reducing the
efficacy of the Cs pathway and creating a niche for the development of two other

photosynthetic pathways, specifically C4 and CAM (Edwards et al. 2010).

Cagrasslands emerged globally as an important ecosystem roughly six to eight million years
ago (Ehleringer & Cerling 2002: 187). Plants utilising this pathway include maize, sorghum,
sugarcane, and tropical grasses (Sharp 2017: 189). They have §'3C values ranging from -17%o
t0 -9%o, with a mean of -12.5%o (Smith 1972; Lee-Thorp et al. 2007; Lee-Thorp 2008). This
pathway (Fig. 2.8) begins with the absorption of atmospheric CO> through the stomata which
is subsequently fixed by phosphoenolpyruvate (PEP) carboxylase enzyme in the mesophyli
cells, producing oxaloacetate, a four-carbon sugar, which is transferred to the bundle sheath
cells where a phosphoglycerate molecule and CO- are formed (O’Leary 1988: 330; Marshall
et al. 2007: 23). The CO- formed during photosynthesis is concentrated in the bundle sheath
cells, where it is resorbed and refixed by Rubisco, allowing CO- to be retained (Ehleringer &
Cerling 2002; Marshall et al. 2007; Sharp 2017).
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Figure 2.8: Leaf anatomy and photosynthetic biochemistry of C4 plants (Adapted from Ehleringer
& Cerling 2002: 2).

The adverse effects of photorespiration are minimised in C4 photosynthesis making it more
efficient than Cs photosynthesis in hot and dry environments, when insolation is strong and
direct, and atmospheric COz is low (e.g., during the LGM) (Vogel et al. 1978; Ehleringer et
al. 1997; Ehleringer & Cerling 2002; Sharp 2017). However, under elevated atmospheric

COo, cool temperatures, shade cover, and increased moisture availability, photorespiration is
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minimised in Cs plants and the efficiency of C4 photosynthesis is offset by the additional
adenosine triphosphate cost involved (Ehleringer & Cerling 2002: 186; Sharp 2017: 188). A
third photosynthetic pathway, CAM, developed in some plants growing in arid conditions
(Sponheimer & Cerling 2014).

Plants utilising the CAM pathway are usually succulents like agave, bromeliads, cacti, and
euphorbia. These plants are adapted to arid environments with low atmospheric moisture and
high temperatures (Sponheimer & Cerling 2014). Two types of CAM plants exist, namely,
obligate and facultative. Obligate CAM plants use the C4 photosynthetic pathway and
carboxylating enzymes but split enzyme activity between day and night (DeNiro 1987,
Marshall et al. 2007). Carbon dioxide diffuses through the stomata and is fixed by the
enzyme PEP carboxylase into oxaloacetate at night. It is then reduced to and stored as malate
in the vacuoles of bulky leaves and stems (O’Leary 1988; Farquhar et al. 1989; Marshall et
al. 2007). The stomata close at dawn and malate is decarboxylated, releasing CO2 which is
refixed by Rubisco (O’Leary 1988; Farquhar et al. 1989; Marshall et al. 2007). Carbon-13 is
similarly discriminated against in both C4 and obligate CAM plants, thus obligate CAM
plants have 513C values ranging from -14%o t0 -10%o, with a mean of -11%o (Luyt 2001;
Marshall et al. 2007). Alternatively, facultative CAM plants, fluctuate between Cs
photosynthesis during favourable conditions and CAM photosynthesis during unfavourable
conditions, thus their §*3C values range between Cs plants (-26.5%0) and obligate CAM plants
(-11%o) (Marshall et al. 2007; Britton 2010).

The distribution (Fig. 2.9) of C4 plants is strongly influenced by growing season temperature
(Ehleringer et al. 1997). In southern Africa, C4 plants dominate (>50%) areas with maximum
summer temperatures exceeding 25 °C. Cz plants typically replace C4 plants in the Winter
Rainfall Zone (WRZ), shaded and moist habitats like forests, and at higher altitudes and
latitudes (Vogel et al. 1978; Tieszen et al. 1979a; Livingstone & Clayton 1980; Smith et al.
2002). While CAM plants are mostly found in desert, high-salinity, and semi-arid
environments (Sponheimer & Cerling 2014). The isotopic composition of plants is affected
by several factors including edaphic factors, minor physiological adaptations, partial
pressure, and environmental conditions (Ehleringer et al. 1997; Diefendorf et al. 2010;
Sponheimer & Cerling 2014; Loftus et al. 2016a). Environmental conditions such as moisture
availability, canopy effects, CO2 concentration, and temperature affect 53C values (Tieszen
1991, van der Merwe & Medina 1991; Heaton 1999; Diefendorf et al. 2010; Kohn 2010).
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Figure 2.9: The relationship between growing season temperature and pCO, showing the

modelled crossover favouring Cs and the different Ca plants (In Ehleringer et al. 1997:

292).
An inverse relationship was found between 5'C and water availability (Swap et al. 2004;
Murphy & Bowman 2009). Swap et al. (2004) found a weak inverse relationship (r? = 0.2)
between water-stress and the 83C values of Cs plants from southern Africa; however, this
was not found in C4 plants. In Australia, Murphy and Bowman (2009) report a similar
relationship between water availability and the 5!°C values of C; grasses (r> = 0.21), and a
weak relationship in C4 grasses. Generally, Cs plants tend to have more positive *3C values
in arid environments due to the partial closure of their stomata to conserve water, resulting in
decreased discrimination of $3C by Rubisco during photosynthesis. C4 plants, however, are
thought to be relatively insensitive to changes in water availability, exhibiting less isotopic
variability than Cs plants (Farquhar et al. 1989; Ambrose 1993; Swap et al. 2004). Both
positive (Peisker & Henderson 1992; Schulze et al. 1996; Dercon et al. 2006; Murphy &
Bowman 2009; Cernusak et al. 2013; An et al. 2015; Lightfoot et al. 2016, 2020; Sanborn et
al. 2021) and negative (Peisker & Henderson 1992; Ghannoum et al. 2002; Weiguo et al.
2005; Cernusak et al. 2013) correlations are found between 5**C and water availability in Ca
plants and has been associated with the amount of CO- leakage out the bundle-sheath cells
(Farquhar et al. 1989; Lightfoot et al. 2016, 2020).
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Murphy and Bowman (2009) also examined the relationship between §**C and temperature in
Czand C4grasses. This relationship was less significant than the one described above,
although increases in photorespiration and decreases in net carbon fixation are observed in Cs3
plants. C4 plants become more efficient at high temperatures (Vogel et al. 1978; Ehleringer et
al. 1997; Luyt 2017). Variations in the isotopic signatures of plants are transferred to
consumers through diet with some additional fractionation (Fig. 2.10) (Vogel 1978; van der
Merwe & Vogel 1983; Lee-Thorp et al. 1989; Ambrose & Norr 1993; Cerling & Harris 1999;
Hoefs 2004; Passey et al. 2005; Codron et al. 2006, 2012; Codron & Brink 2007; Lee-Thorp
2008).

P BN

Figure 2.10: Approximate fractionation factors for modern terrestrial food chain (Adapted from
Lee-Thorp et al. 1989).

This was first documented by DeNiro and Epstein (1978) who fed mice (Mus musculus) and
eight species of invertebrate diets of known isotopic compositions and found marginal
enrichments of approximately 1%o in their tissues relative to diet (DeNiro & Epstein 1978:
495). Further experimental studies revealed that collagen is typically enriched in *3C by 3.7%o
t0 6.0%o, averaging 5.0%o relative to diet (Ambrose & Norr 1993; Bocherens & Drucker
2003; Kellner & Schoeninger 2007). Tieszen et al. (1979b) showed that the 53C values of
eight ungulate species rumen contents provided an estimate of the proportion of Cs to Ca
plants consumed. This was strongly correlated with visual identifications of plant fragments.
Importantly, differences in the isotopic composition of Cz and C4 plants, as well as the
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widespread occurrence of C4 grasses in South Africa, allow grazers (C4) and browsers (C3) to
be distinguished from one another (Vogel 1978). Thus, animals consuming predominately Ca
grass have higher §'3C values than Cs browsers (Sponheimer et al. 2003a). Although

environmental factors contribute to variations in §3C, mean §**Ccoliagen Values for modern Cs
and C4 consumers are approximately -21%o and -6%o, respectively, with intermediate feeders

falling between these values (Vogel 1978).

2.3.3 STABLE NITROGEN ISOTOPES

There are two stable nitrogen isotopes, namely, nitrogen-15 (**N) and nitrogen-14 (**N)
(Faure 1986: 513; Sharp 2017: 242). Nitrogen mostly occurs as atmospheric dinitrogen gas
(N2) and has a §*°N value of 0%o and serves as an extensive, well-combined reservoir that
propels the nitrogen cycle (Peterson & Fry 1987; Ambrose 1991: 295; Fry 2006: 46). A
diverse range of biogeochemical processes affects the §'°N value of plant-soil systems and an
understanding of these processes are essential for the assessment of isotopic variation in

consumer tissues (Szpak 2014: 1).

The nitrogen cycle (Fig. 2.11) comprises several complex processes resulting in isotope
fractionation (Sharp 2017: 248). These processes are difficult to quantify because most of
them are the result of kinetic not equilibrium isotope effects. Ambient conditions, nutrient
availability, and reaction rates influence the degree of fractionation (Sharp 2017: 244). For
example, biological nitrogen fixation of N2 leads to lower 8*°N values in soils while higher

81°N soil values result from denitrification (Heaton 1986; Ambrose 1991).
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Figure 2.11: Simplified diagram of the nitrogen cycle with average fractionation for each
process included (In Sharp 2017: 243).
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In hot and arid conditions, nitrogen fixation is inhibited, resulting in higher §°N (Ambrose
1991: 296; Handley et al. 1999; Hedges et al. 2004; Koch 2007; Szpak 2014). Similarly,
higher 8*°N soil values occur from the volatilisation of ammonia which is depleted by
approximately 34%o compared to its ammonium substrate (Kreitler 1975; Ambrose 1991).
Ammonia volatilisation significantly increases at high temperatures, high pH, and in dry soils
(Ambrose 1991: 296). Soil from cool and moist environments tends to have lower §'°N
values and increased rates of mineralisation and nitrogen fixation (Ambrose 1991; Handley et
al. 1999; Amundson et al. 2003; Hedges et al. 2004; Koch 2007; Murphy & Bowman 2009;
Szpak 2014).

The 6N values of soils range from -10%o to +15%o, averaging between 2%o and 5%o (Sharp
2017: 248). Several factors influence these values including the physical composition of soils,
soil maturity, ammonium (NHa+) and nitrate (NOs.) dispersion, pH, moisture availability in
soils, salinity, oxygen content, relationship with nitrogen-fixing bacteria or mycorrhizal
fungi, and temperature, likely resulting in intra-habitat differences in the 3*°N values of plants
(Heaton 1987; Ambrose 1991; Koch 2007; Pate & Anson 2008; Makarewicz 2014; Szpak
2014). Leguminous plants may incorporate nitrogen through a mutualistic relationship with
N2-fixing bacteria while non-leguminous plants incorporate nitrogen through the assimilation
of inorganic NHas+ or NOs. from the soil (Virginia & Delwiche 1982; DeNiro 1987: 184;
Sharp 2017: 248). The §*°N values of leguminous plants differ from non-leguminous plants
and are more depleted in ©®N (Heaton 1987; Craine et al. 2009; Spriggs & Dakora 2009;
Hobbie & Hogberg 2012; Szpak 2014). For example, Spriggs and Dakora (2009) documented
S1°N values between -3.6%o and -0.1%o in leguminous plants (e.g., Cyclopia) growing in the

Fynbos biome in South Africa.

Global variations in the '°N values of soils and plants are related to differences in MAP and
MAT (Heaton 1987; Sharp 2017: 248). An inverse relationship (-0.39%./100 mm rain per
year) exists between 5!°N plant values and precipitation while a direct relationship exists
between 8°N plant values and temperature (>0.5 °C) (Heaton et al. 1986a; Heaton 1987;
Handley et al. 1999; Hartman & Danin 2010; Szpak et al. 2013: 8). This is likely related to
the relative ‘openness’ of the nitrogen cycle which leads to the loss of nitrogen in hot, dry
environments and the conservation and recycling of nitrogen in cool, moist environments
(Handley et al. 1999; Pate & Anson 2008; Szpak et al. 2013: 9). Swap et al. (2004) examined
the relationship between §*°N and rainfall in southern African plants and discovered a

stronger relationship in Cs plants (r? = 0.54) compared to C4 plants (r> = 0.04). A similar
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study was conducted in Australia by Murphy and Bowman (2009). An inverse relationship (r?
= 0.40) was found between 5°N and moisture availability for Cs and C4 grasses suggesting
that moisture availability regulated §°N (Murphy & Bowman 2009). Codron et al. (2013)
examined the effects of rainfall (300—700 mm per annum) and temperature on the *°N values
of Cs foliage and C4 grasses from the Kruger National Park, South Africa. They found no
correlation between the 5'°N values of C grasses or Cs foliage and rainfall or temperature
(0.01< r? <0.08) and suggested that these results were constrained by the limited range of

rainfall.

Nitrogen is incorporated into animal tissue through diet. Consumer tissue is systematically
enriched in N relative to diet and is used to determine trophic level and dietary sources
(DeNiro & Epstein 1981; Schoeninger et al. 1983; Minagawa & Wada 1984; Schoeninger &
DeNiro 1984; Peterson & Fry 1987; Sealy et al. 1987; Ambrose 1991; Bocherens & Drucker
2003; Sponheimer et al. 2003b; Caut et al. 2008, 2009; O’Connell et al. 2012; Szpak et al.
2012). Early studies (DeNiro & Epstein 1981; Schoeninger et al. 1983; Minagawa & Wada
1984; Peterson & Fry 1987) suggest that tissue was typically enriched by 3%o to 4% relative
to diet, with higher values of ~6%o being reported in later studies (Drucker & Bocherens
2004; O’Connell et al. 2012). Several factors influence the §*°N values of animals, including
diet composition, water and nutritional stress, environmental conditions, and digestive

physiology (see review in McCue & Pollock 2008).

The 6N values of plants and animals vary along regional and global aridity gradients
(Grocke et al. 1997; Schulze et al. 1998; Kelly 2000; Hedges et al. 2004; Murphy &
Bowman 2006). Figure 2.12 shows the relationship between precipitation and §*°N in fauna
from different regions. Kelly (2000) compiled meta-data from 60 global mammal studies,
revealing a relationship between MAT, MAP, and the §°Ncollagen Values of mammals.
Herbivores inhabiting arid environments had mean §*°N values of 8.7 £ 2.8%o (n = 12), while
those inhabiting mesic environments had mean values of 6.3 + 2.2%o0 (n = 23) (Kelly 2000).
This result may be affected by small sample sizes, but this relationship is recorded in other
studies as well (Ambrose & DeNiro 1986a; Heaton et al. 1986a; Sealy et al. 1987;
Schoeninger 1989; Cormie & Schwarcz 1996; Schwarcz et al. 1999; Kelly 2000; Dewar
2007; Pate & Anson 2008; Makarewicz & Sealy 2015; Hopper et al. 2018). Mean §*°N
values of herbivores from East Turkana, Kenya, where MAP is less than 250 mm per annum
is 10.8 £ 1.0%o (Schoeninger 1989) while in highland Kenya, where MAP exceeds 600 mm
per annum, the mean is 7.1 £ 1.7%o (Ambrose & DeNiro 1986a). The mean §*°N values of
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archaeological herbivores from Namaqualand, where MAP is between 20-50 mm per annum
is 15.3 + 0.9%o (Dewar 2007: 270). Furthermore, the 5*°N values of juvenile archaeological
springbok that died during a drought in Namaqualand range from 15.7%o to 17.2%0 (Hopper
et al. 2018) and the mean §*°N values of herbivore collagen from the hyper-arid Dakhleh
Oasis, range from 12.0%o to 13.4%o (Schwarcz et al. 1999: 631). Interestingly, the 5°N
values of animals from western Asia and northern Europe were markedly decreased
following the LGM. This is likely associated with increases in moisture availability and

precipitation that impacted the nitrogen cycle in soil (Hedges et al. 2004).
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Figure 2.12: The relationship between precipitation and 5 Nconiagen faunal values from several
studies. The data was compiled and extracted from southern Africa (Heaton et al. 1986a [blue
diamond]; Sealy et al. 1987 [green triangle]), North America (Cormie & Schwarcz 1996 [red
square]), and Australia (Pate & Anson 2008 [purple circle]) (In Luyt 2017: 43).

Four hypotheses are proposed to explain the relationship between aridity and *°N consumer
values, including one dietary and three physiological hypotheses (Hartman 2011). The dietary
hypothesis suggests that the 5°N values of herbivore tissue reflect the §*°N values of plants
(Murphy & Bowman 2006). Murphy and Bowman (2006) found similar variations in both
plants and kangaroos (Macropus spp.) along environmental gradients with increased values in

arid environments. The offset between these values was relatively consistent, and thus
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Murphy and Bowman (2006) suggest that 5'°N values of kangaroos are dependent on the

315N values of plants.

Other studies have rejected the dietary hypothesis and have suggested that variations in §*°N
plant values only account for one-third (-1.1%o to -1.3%0/100 mm rain per year) of the
covariance documented in herbivore bone collagen with rainfall (Heaton et al. 1986a; Heaton
1987; Sealy et al. 1987; Ambrose 1991). Therefore, 3'°N herbivore values are three times
more sensitive to water stress than plants (Ambrose 1991). Physiological hypotheses were
proposed to explain this relationship. The first physiological hypothesis was proposed by
Ambrose and DeNiro (1986a), who found that °N is enriched in drought-tolerant animal
tissue as proteins are catabolised to enhance water conservation. The second hypothesis
suggests that animals living in arid environments have elevated §*°N values resulting from
nitrogen conservation through increased urea recycling and dependence on symbiotic
gastrointestinal bacteria to accommodate for °N depletion in arid plants (Sealy et al. 1987).
Finally, the third hypothesis explains that increased 5'°N values in water-stressed animals is
likely the result of reduced nitrogen uptake and enhanced water recycling (Balter et al. 2006).
This is accomplished by assimilating hydrolysed urea, enriched in *°N, into amino acids
which are then synthesised into body tissue (Balter et al. 2006).

Drought-tolerant or W1 species likely have higher 5'°N values than obligate or WD species
(Ambrose & DeNiro 1986a; Ambrose 1991; Luyt 2017). Sealy et al. (1987) not only
documented lower §'°N values in obligate drinkers but also found lower 5'°N values in
grazers compared to browsers, especially those living in arid environments (Ambrose 1991).
This could be related to the nutritional quality and digestibility of these diets, in particular,
grass diets are more easily digestible but are of lower nutritional quality compared to trees
and shrubs (Codron et al. 2007a; Robbins et al. 2010). Furthermore, the shallow roots of
grasses may result in low §*°N values (Evans & Ehleringer 1993). Alternatively, $*°N values
may be influenced by an animals’ digestive physiology, such as the location of symbiotic
cellulose-digesting bacteria in a herbivores gut (Luyt 2017). In herbivores with simple
stomach structures, like equids, bacterially assisted fermentation occurs in the hindgut while
in ruminants it occurs in the foregut (Langer 1984, 2002; Luyt 2017). Ruminants include
browsers, such as duiker, eland (Taurotragus oryx), kudu (Tragelaphus strepsiceros), and
grysbok (Raphicerus sp.), and grazers, such as blue wildebeest (Connochaetes taurinus),
gemsbok (Oryx gazella), and red hartebeest (A. buselaphus caama) (Luyt 2017). The
digestion and absorption of microbial bacteria by ruminants may lead to trophic level
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enrichment (Sealy et al. 1987; Ambrose 1991). Conversely, hindgut fermenters do not digest
and absorb these bacteria which are excreted in faeces (Codron & Codron 2009). Codron and
Codron (2009) report a mean §'°N value of 5.17 + 1.5%o (n = 1486) in ruminant faeces and a
mean of 4.45 + 1.3%o (n = 267) in non-ruminant faeces. Notably, all the non-ruminants in this
study were grazers so Codron and Codron (2009) compared these with the ruminant grazers
and found that these differences persisted. However, the difference was small (<1%o)
suggesting that eco-physiological adaptations only account for a small portion of this
difference with dietary protein sources playing a primary role in §:°N faecal values (Codron
& Codron 2009).

Elevated CO> concentrations are linked to declines in the nitrogen content of plants (Cotrufo
et al. 1998; Hungate et al. 2004; Luo et al. 2004; Bigras & Bertrand 2006). Plant nitrogen
content also decreases with increased MAT (Yin 1993) and decreased MAP (OIff et al. 2002;
Swap et al. 2004). The relative importance of each variable in driving a decline in plant
nitrogen content is presently unclear (Faith 2011b). However, given the abrupt climate
reversals associated with the YD, atmospheric COz is likely the only variable to have
uniformly increased since the LGM (Monnin et al. 2001). This would affect nitrogen flow
through the food chain (Fig. 2.13) and may have resulted in reduced carrying capacity or
extinctions (Pastor et al. 2006; Faith 2011b). The detrimental effects of reduced nutrient
availability resulting from environmental change have been demonstrated by Hjeljord and
Histol (1999), who found that calves and yearling moose (Alces alces) from Norway had
reduced body mass during warmer summers, likely due to reduced forage quality.
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Nutritional stress increases nitrogen isotope fractionation during tissue synthesis (Hobson et
al. 1993; Adams & Sterner 2000; Kelly 2000; Oelbermann & Scheu 2002; Robbins et al.
2005; Fuller et al. 2005; Reitsema 2013; Kuitems et al. 2015). Under nutritional stress, the
body may catabolise its tissues to maintain adequate nitrogen balance resulting in °N
enrichment (Hobson & Clark 1992; Hobson et al. 1993; Robbins et al. 2005; Parker et al.
2005; Reitsema 2013). These effects were initially observed in birds by Hobson and Clark
(1992) and Hobson et al. (1993). Hobson et al. (1993) reported elevated $*°N values in
incubating birds that fasted for 19-25 days. Studies by Mekota et al. (2006) and Hatch et al.
(2006) reported elevated 5'°N values in humans being treated for eating disorders. Hair was
sampled longitudinally (root to end) and was enriched by approximately 0.5%o to 2.0%o
during periods of nutritional stress relative to the treatment period. Both studies found an
inverse relationship between Body Mass Index and 8*°N (Hatch et al. 2006; Mekota et al.
2006). The effects of nutritional stress on 8*°N have been widely reported (see Polischuk et
al. 2001; Cherel et al. 2005; Barboza & Parker 2006; Boag et al. 2006; Barboza & Parker
2008; Gustine et al. 2011), but there are exceptions (Ambrose 2000; Kempster et al. 2007).
Nutritional stress may also lead to $3C enrichment of tissues as **C-depleted lipid reserves are
metabolised (DeNiro & Epstein 1977; Tieszen et al. 1983), however, no significant change is
reported in some studies (Varela et al. 2015). These exceptions are reviewed in Hatch (2012),

and it is suggested that :°N and §'3C are not affected by mild nutritional stress.

2.3.4 ZOOMS AND STABLE CARBON AND NITROGEN ISOTOPES
Zooarchaeological studies could benefit from the combined use of ZooMS and stable
isotopes. To date, one southern African study combines both techniques (Coutu et al. 2016).
This study provided the earliest evidence of large-scale ivory processing in southern Africa,
the pioneer of a larger more extensive trade-network that developed later (Coutu et al. 2016:
431). Furthermore, species-level identifications were achieved by ZooMS and the isotope

results showed that the ivory was sourced from a widespread area.

The combination of ZooMS and stable isotopes has the potential to validate and verify one
another, reduce bias, strengthen interpretations, provide additional insight into behavioural,
dietary, and physiological adaptations to environmental change, and increase taxonomic
resolution (van der Sluis et al. 2014; Coutu et al. 2016; Buckley 2018; Thomas & Miller
2018, Janzen et al. 2021).
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2.4 PALAEOENVIRONMENT

Palaeoenvironmental reconstructions provide valuable insight into the archaeological record
as the environment provides the context in which organisms live, interact, and adapt (Lyman
2017). The environment is complex and multifaceted, varying along spatial and temporal
scales (Lyman 2017). A wide range of proxy data are used to reconstruct past environments,
producing both complementary and contradictory data as individual proxies respond to
climate change at different rates, experience some degree of temporal lag, and/or have
variable resolutions (Jones & Mann 2004; Scott & Lee-Thorp 2004; Lewis 2011; Meadows
2014; Stone 2014; Stewart & Mitchell 2018; Lukich et al. 2020; Stratford et al. 2021). To
overcome these issues multiple proxies should be employed and the limitations of each
proxy, its archive, and the proxy’s provenance should be fully understood (Jones & Mann
2004; Meadows 2014; Stone 2014; Zhao et al. 2016a).

Palaeoenvironmental reconstructions were initiated relatively late in southern Africa and
were constrained by uncertain chronologies and inadequate comparative collections (van
Zinderen Bakker 1962; Coetzee 1967; Martin 1968; Scott 1976, 1982a, b, 1989; van Zinderen
Bakker & Coetzee 1988). Some of these issues have been addressed by advances in and
access to high precision dating facilities, large comparative collections, and the expansion of
proxy records including biomarkers (Kristen et al. 2010; Norstrom et al. 2014; Carr et al.
2015), dinoflagellate cysts (Dupont et al. 2004), faunal remains (Klein 1972, 1978, 1980;
Avery 1982), foraminifera (Strachan et al. 2014, 2015, 2016), isotopes (Heaton et al. 1986b;
Talma & Vogel 1992; Holmgren et al. 1995, 1999, 2003; Abell & Plug 2000; Smith et al.
2002; Bar-Matthews et al. 2010; Kristen et al. 2010; Chase et al. 2012; Weldeab et al. 2013;
Sealy et al. 2016, 2020; Ecker et al. 2018), molluscs (Voigt 1982), phytoliths (Rossouw et al.
2009; Burrough et al. 2012; Backwell et al. 2014; Cordova & Avery 2017), and pollen (van
Zinderen Bakker 1962; Scott et al. 2012; Truc et al. 2013). Figure 2.14 shows the published

proxy data from southern Africa.

Nevertheless, the southern African record is impeded by significant spatial and temporal gaps
leading to broad reconstructions that overlook regional differences (Meadows & Baxter 1999;
Stone 2014; Stratford et al. 2021); resulting from poor preservation (Meadows et al. 2010),
intermittent records (Talma & Vogel 1992; Holmgren et al. 2003), unreliable chronologies,
and/or the absence of suitable proxies (Chase & Meadows 2007; Kristen et al. 2007;
Neumann et al. 2008; Stone 2014, Fitchett et al. 2017a). Thus, the use of feasible proxies
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from well-dated and biogeoclimatically diverse sites is critical to reconstructing

palaeoenvironmental conditions across southern Africa through time.
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Figure 2.14: Map of southern Africa with locations of caves and rock shelter sites with
published dates and palaeoenvironmental data from Marine Isotope Stage 6 to 1. Sites and
abbreviations are listed in Table 1 in Stratford et al. (2021: 882-889) (In Stratford et al. 2021:

881).

2.4.1 THE PALAEOENVIRONMENT OF SOUTHERN AFRICA

Southern Africa’s environment is influenced by several oceanic and atmospheric circulation

systems (Fig. 2.15). It encompasses the sub-tropics to mid-latitudes, comprises several

different climates and biomes, and is surrounded by the Atlantic, Indian, and Southern Ocean
(Mucina & Rutherford 2006; Chase & Meadows 2007; Mills et al. 2012; Green et al. 2015;
Sealy et al. 2016; Fitchett et al. 2017a). Climatic changes in southern Africa are primarily

driven by circulation systems which are influenced by polar ice cap encroachment and retreat
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and orbital forcing mechanisms at global, hemispheric, and regional levels (Tyson 1986;
Tyson & Preston-Whyte 2000; Lutjeharms et al. 2001; Stuut et al. 2004; Stone 2014; Chase

et al. 20154, b, 2017; Chevalier & Chase 2015, 2016; Chase 2021).
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Figure 2.15: Modern oceanic and atmospheric circulation systems. Mean monthly precipitation is
included from 1981-2010 across southern Africa during (a) austral summer and (b) austral winter.
The three rainfall zones (i.e., SRZ, YRZ, and WRZ) are shown as well as the South Atlantic
Anticyclone, South Indian Anticyclone, Benguela Current, and Agulhas Current (Tyson &
Preston-Whyte 2000) (In Zhao et al. 2016b: 844).
Southern Africa is subdivided into three climate zones (Fig. 2.15), namely, the Summer
Rainfall Zone (SRZ), Year-round Rainfall Zone (YRZ), and WRZ (Chase & Meadows 2007;
Engelbrecht et al. 2015). The SRZ and WRZ primarily interact through tropical-temperate
troughs, which result in significant precipitation events and likely plays a dominant role in
precipitation trends in the arid interior (Nicholson 1986; Tyson 1986; Chevalier & Chase
2015). This interaction also influences biome distribution and the proportion of Cs to Ca
grasses (Vogel et al. 1978; Zhao et al. 2016b). For example, dry conditions and lower
atmospheric CO; associated with glacial periods may have led to the replacement of Cs
vegetation with C4 grasslands (Ehleringer et al. 1997; Schefup et al. 2003).

The position of the Intertropical Convergence Zone (ITCZ), sub-tropical high-pressure cells,
sea surface temperature (SST) of the Indian Ocean, and the Agulhas current likely affect the
SRZ (Fig. 2.15) (Tyson & Preston-Whyte 2000; Holmgren et al. 2003; Chase & Meadows
2007; Dupont et al. 2011; Stone 2014; Zhao et al. 2016b). The SRZ and WRZ are separated
by the YRZ which receives aseasonal rainfall (Chase & Meadows 2007). Austral winter
rainfall is received in the WRZ as frontal systems embedded in westerlies shift northwards
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(Tyson & Preston-Whyte 2000; Chase & Meadows 2007; Mills et al. 2012; Stager et al.
2012; Zhao et al. 2016b).

The WRZ likely expanded beyond its current limits during glacial periods (Fig. 2.16). Three
hypotheses are proposed for this expansion, but the geographic limits of these expansions are
uncertain (Carr et al. 2006; Chase & Meadows 2007; Stager et al. 2012; Thackeray &
Fitchett 2016; Fitchett & Bamford 2017). The first predicts a northward expansion extending
into Namibia, the second predicts an eastward expansion encroaching on the present-day
YRZ, and the third predicts an expansion into the interior region of southern Africa (van
Zinderen Bakker 1967, 1976; Heine 1982; Cockcroft et al. 1987; Barrable et al. 1998; Carr et
al. 2006; Chase & Meadows 2007; Stager et al. 2012; Fitchett & Bamford 2017; Engelbrecht
et al. 2019).
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Figure 2.16: An evaluation of modern southern African rainfall zones. Conceptual
models have been proposed (see Engelbrecht et al. 2019) to elucidate the rainfall
seasonality and distribution during glacial periods (In Chase & Meadows 2007: 109).
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2.4.2 MARINE ISOTOPE STAGE 3 (57-29 KA)

Palaeoenvironmental conditions in southern Africa were relatively mild with varying degrees
of aridity during MIS 3 (Barham & Mitchell 2008). Humid conditions are recorded at
Gladysvale, Lobatse, and Wolkberg Caves between ca. 5642 ka (Holzk&mper et al. 2009),
increased precipitation is documented between ca. 55-48 ka at Tswaing Crater (Kristen et al.
2007), arid events are widespread in northern Botswana between 43-40 ka and 28-25 ka
(Stokes et al. 1997), cold and dry conditions occur between ca. 44-42 ka at Thabana
Ntlenyana, in Lesotho (Grabs & Mills 2011), cool and moist conditions are documented
between ca. 35-33 cal. kBP at Wonderwerk Cave with a brief dry period at ca. 34 cal. KBP
(Brook et al. 2010), and moist conditions are suggested in South Africa’s WRZ (Cowling et
al. 1999; Carr et al. 2006). Widespread human occupation is recorded across a range of
biogeoclimatic zones in the interior of southern Africa (Opperman & Heydenrych 1990;
Mitchell & Steinberg 1992; Mitchell 1994; Opperman 1996; Wadley 1997, 2004; Jacobs et
al. 2008; Stewart et al. 2012; Mitchell & Arthur 2014; Collins et al. 2017; Pargeter et al.
2017; Ames et al. 2020).

Human occupation is recorded at GRS between 43-28 ka. The palaeoenvironmental
conditions were reconstructed using sedimentological and microbotanical remains and
suggest that the local vegetation was dominated by Cz grasslands, drought-resistant Ca
morphotypes, and a few woody plants, indicating relatively dry and cool conditions.
Although dry, the presence of both cool (Cz) and warm (C4) growing season grasses suggests
that some year-round precipitation was received (Ames et al. 2020). At Melikane, changes in
vegetation and environmental conditions are recorded between ca. 46-38 ka, especially after
42 ka (Stewart & Mitchell 2018: 6). Relatively dry conditions are inferred from reduced
woodland vegetation, a minor increase in the 53C sediment values (-23.9%o to -22.8%o), and
a slight increase in C4 grass phytoliths; however, the effects of reduced pCO2 and warmer
conditions cannot be discounted (Stewart et al. 2016; Stewart & Mitchell 2018). Alternating
periods of intense roof fall and recurrent influxes of colluvial gravel suggest that the climatic
conditions were likely unstable during this time (Carter 1976; Stewart et al. 2012), but the
Senqu River likely provided occupants with a constant source of water (Stewart et al. 2016).
Cool conditions are indicated in the Sehonghong area between 35-29 ka by high proportions
of Cs vegetation (Loftus et al. 2015). Interestingly, the 5'3C enamel values from herbivores
suggest that they consumed a substantial proportion of Cs vegetation suggesting that

alcelaphines and zebras (Equus sp.) seasonally migrated to lower altitudes (Loftus et al.
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2015; Stewart & Mitchell 2018). Similar conditions are recorded at Ha Makotoko and
Ntloana TSoana ca. 30 ka (Roberts et al. 2013), and cool and dry conditions are recorded at
Thabana Ntlenyana between ca. 27.4-23.1 ka (Grab & Mills 2011).

At Boomplaas Cave, C4 grass increased significantly accompanied by some shrubby
vegetation between 39.7 and 36.0 cal. kKBP (Deacon et al. 1984; Sealy et al. 2016). However,
the presence of shrubby vegetation may not be the result of the climate conditions but rather
reduced pCO associated with glacial periods (Ehleringer et al. 1997; Chase & Meadows
2007). Microfaunal remains (Avery 1982, 2004; Deacon et al. 1984) and the relatively high
macrofaunal diversity (Faith 2013a), suggest that conditions were moister during this period
with increased summer rainfall (Sealy et al. 2016). This corresponds with enriched §*3C

values from the Cango Cave Stalagmite (Talma & Vogel 1992).
2.4.3 MARINE ISOTOPE STAGE 2 (29-14 KA)

Regional records suggest that the environment was cold and dry during MIS 2, culminating
during the LGM (ca. 24-18 cal. kBP) when Antarctic sea ice reached its maximum extent
(Opperman 1996; Holmgren et al. 2003; Chase & Meadows 2007; Barham & Mitchell 2008;
Lewis 2008, 2011; Sealy et al. 2016; Loftus et al. 2019). Engelbrecht et al. (2019: 24)
suggest that annual average temperatures during the LGM were 4-6 °C lower than present,
with mid-winter temperatures dropping as much as 8-10 °C over the eastern interior and
escarpment regions. Pollen records from the interior SRZ (Scott 1982a, b; Thackeray & Scott
2006; Scott et al. 2012; Truc et al. 2013) and isotope records from Cold Air Cave parallel
Engelbrecht’s et al. (2019) predictions and suggest that cool and dry conditions prevailed
between 24-17.5 ka, interrupted by a brief period of relatively warmer and moister conditions
between 20-19 ka (Holmgren et al. 2003; Scott et al. 2012). A statistical reanalysis of 27
pollen records across southern Africa suggest that two cold periods may have occurred during
the LGM at ca. 24 and 17 cal. kBP (Scott et al. 2012), roughly corresponding to the North
Atlantic Heinrich events (Hemming 2004; Fitchett et al. 2017a: 285). Similar temperature
depressions are predicted in the YRZ (Heaton et al. 1986b; Thackeray 1990; Talma & Vogel
1992); although there is marked variability in the Cango Cave Stalagmite record between 18
and 16 kBP (Talma & Vogel 1992). Larger temperature depressions are reported at high
altitude sites such as those in the Western Cape mountains (Boelhouwers & Meiklejohn
2002) and the Eastern Cape Drakensberg (Lewis & Illgner 2001).

The LGM and earlier Pleistocene glacial events have been linked to reduced solar radiation

(e.g., Imbrie et al. 1992) and increased ice volumes which may have resulted in increased
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pressure and pole-equator temperature gradients causing atmospheric and oceanic circulation
systems to shift northwards (Stuut et al. 2004; Chase & Meadows 2007; Sealy et al. 2016).
This may have resulted in the expansion of the WRZ and encouraged the growth of Cs
instead of C4 vegetation in parts of southern Africa as seen at Boomplaas Cave and the Cango
Cave speleothem (Sealy et al. 2016). Interestingly, low pCO- levels like those experienced
during the LGM (ca. 190 ppm compared to 270 ppm in the Holocene) would have favoured
the growth of C4 plants (Ehleringer et al. 1997; Sealy et al. 2020). This is documented in
marine cores from tropical and sub-tropical Africa (Collins et al. 2011; Badewien et al. 2015)
but is not documented in the WRZ or YRZ in southern Africa (Sealy et al. 2020).

Climate projections compiled by Engelbrecht et al. (2019: 24) suggest that southern Africa
was wetter during the LGM as the WRZ was displaced northward, leading to increases in
winter rainfall as far as Botswana, central Namibia, and the present-day SRZ. This concurs
with proxy records from the interior of South Africa. However, cooler conditions may have
resulted in decreased rates of evaporation indicating increased moisture availability, although
this could be confused with increased rainfall (Chase et al. 2017; Engelbrecht et al. 2019).
The current WRZ, including the western escarpment and Cape Fold mountains, most likely
received the largest increase in precipitation which combined with cold temperatures resulted
in the formation of periglacial features (Engelbrecht et al. 2019: 24). In contrast, the southern
Cape coast probably experienced less rainfall, relatively warm temperatures, and frequent
berg winds (Engelbrecht et al. 2019: 24); however, other studies suggest that conditions were
cool and dry (Thackeray & Fitchett 2016). Sea levels were lower during the LGM, extending
coastal plains which possibly led to changes in local atmospheric systems such as enhanced
or expanded continental anticyclones that blocked winter rainfall systems in the southern
Cape (Cowling et al. 1999; Carr et al. 2006). Furthermore, Engelbrecht et al. (2019: 24)
suggests that the YRZ may have extended as far as the Gauteng and Free State provinces.
These projections must be taken with some caution, and biases need to be corrected and
accounted for (Engelbrecht et al. 2019: 24).

During MIS 2, only a few interior sites are occupied in the southern African (Opperman &
Heydenrych 1990; Opperman 1992, 1996; Deacon 1995; Mitchell 1996a, 2013; Wadley
1997; Mitchell & Arthur 2014; Stewart et al. 2016; Pargeter et al. 2017, 2018; Loftus et al.
2019). No occupation is recorded at GRS between 28 and 13.5 ka, roughly coinciding with
Marine Isotope Stage (MIS) 2 (29-14 ka) (Ames et al. 2020). Charcoal, isotope, and pollen
records from Strathalan suggest that Cs vegetation was present and that conditions were cool
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and moist, likely accompanied by a strong winter rainfall regime between ca. 26-24 kBP
(Vogel et al. 1978; Opperman & Heydenrych 1990; Lewis 2008). Lower temperatures are
indicated by the presence of high-altitude vegetation at Strathalan (after ca. 24 kBP),
Wonderkrater, and Mahwaga peatland (Scott 1982a, b; Opperman & Heydenrych 1990; Low
& Rebelo 1996; Neumann et al. 2014). Pdf-based pollen analysis of sites across the SRZ
(Truc et al. 2013; Chevalier & Chase 2015) indicate sustained temperature depressions
following the LGM in southeastern Africa, however, there is contention over the nature of
rainfall in South Africa’s SRZ with arguments focusing on moisture availability and the
impact of northern and southern weather systems (Stewart & Mitchell 2018: 8; Engelbrecht et
al. 2019: 4). Dry conditions have been attributed to cooler Indian Ocean SSTs causing
reductions in available moisture (Truc et al. 2013; Chevalier & Chase 2016). Opposing
arguments suggest that constant moisture availability was ensured by lower
evapotranspiration during and shortly after the LGM (Scott & Thackeray 1987; Scott et al.
2003, 2004, 2008, 2012; Scott 2016; Chevalier & Chase 2016).

Dry conditions are recorded at Rietvlei wetland from ca. 30 to 16 cal. kBP (Carr et al. 2010;
Quick et al. 2015), Florisbad (Toffolo et al. 2017), and Mfabeni peatlands after ca. 23 ka
accompanied by increases in grassy vegetation (Finch & Hill 2008; Baker et al. 2017).
However, these conditions are contradicted by CD 15410-06P, a marine core located off the
Eastern Cape coast (Simon et al. 2015) and the Voordrag Kwa-Zulu Natal Midlands pollen
record (Botha et al. 1992). Moist and cool conditions are indicated from the Wonderwerk
Cave speleothem between ca. 22 and 14 cal. kBP with brief dry periods at 22 and 15 cal. kBP
(Brook et al. 2010). This is paralleled by pollen records dating between 32 and 12.5 cal. kBP,
with some fluctuations in moisture and temperature (Scott 1982a, b; Scott & Thackeray
2015). Moist conditions are indicated by the isotope record from the Lobatse Cave stalagmite
(Holmgren et al. 1995; Brook et al. 1997, 1998), while decreases in precipitation are recorded
at Wonderkrater (Truc et al. 2013; Chevalier & Chase 2015). Contrasting conditions are
inferred by the proxy records from Boomplaas Cave (Engelbrecht et al. 2019: 5), with
charcoal, micromammal, and pollen records suggesting that conditions were dry to
moderately wet with a lack of trees (Klein 1980; Scholtz 1986; Thackeray 1987; Deacon &
Lancaster 1988; Thackeray & Fitchett 2016), whereas increases in ungulate diversity and
isotopic records indicate an increase in winter rainfall, the presence of Cz grasses, and a high
level of effective moisture (Sealy et al. 2016; Pargeter et al. 2018; Faith et al. 2019). Modern

datasets from eastern and southern Africa show a relationship between MAP and species
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diversity (Thackeray 1980; Faith 2013a), therefore high levels of ungulate diversity at
Boomplaas Cave could indicate higher productivity during the LGM (Sealy et al. 2016: 923).
Interestingly, the 5!3C values from Boomplaas fauna and the Cango Cave speleothem differ,
with the $*3C faunal values indicating a larger proportion of C4 grass during the LGM (Sealy
et al. 2016: 923). This trend is documented elsewhere (e.g., Lister 2013) and emphasises the

role of dietary preference on isotopic results (Sealy et al. 2016: 923).

The Maloti-Drakensberg region became significantly cooler ca. 24 ka (Lewis 2008; Mills et
al. 2009a, b; Scott et al. 2012; Stewart & Mitchell 2018). Periglacial features are found along
the escarpment and include glacial moraines at approximately 3000 masl on the Sekhokong
and Tsatsa-La-Mangaung mountain ranges in Lesotho between ca. 20.8-19.6 ka (Mills et al.
2009a, b). An increase in precipitation, specifically snow, was required to maintain these
glaciers (Mills et al. 2012). Similar, periglacial features are recorded at lower altitudes, ca.
1700 masl, in the Eastern Cape Drakensberg (Mills et al. 2017), and may have developed
alongside mean temperature depressions of 6 °C (Stewart & Mitchell 2018). High-altitude
sites like Sehonghong, Ha Makotoko, and Rose Cottage Cave were occupied during MIS 2
(Mitchell 1995, 1996a; Wadley 1995, 1996, 1997; Mitchell & Arthur 2014; Pargeter et al.
2017). However, occupations in the southern Drakensberg foothills are extremely rare
(Opperman & Heydenrych 1990; Opperman 1992, 1996; Ames et al. 2020). Some
researchers suggest that cold and dry conditions lead to population contraction and the
occupation of high-altitude sites with more reliable freshwater sources in the Maloti-
Drakensberg (Scott et al. 2012; Pargeter et al. 2017; Stewart & Mitchell 2018; Ames et al.
2020: 14).

After 17.5 ka, rapid warming is recorded in both the pollen-derived temperature index from
Wonderkrater and the Makapansgat $*80 record (Holmgren et al. 2003). Similar conditions
are recorded in the Southern Hemisphere tropical, polar ice-core, and terrestrial lake sediment
records (Thompson et al. 1995; Blunier et al. 1998; Gasse & van Campo 1998; Steig et al.
2000; Johnson et al. 2002). Following the LGM, warmer conditions are documented at
Boomplaas Cave and are accompanied by an increase in Cs grass and the return of trees in the
valley (Deacon 1995; Sealy et al. 2016). Cool and dry conditions with a mix of Czand Cs
vegetation is documented at Equus Cave at 17 ka (Johnson et al. 1997: 135). Similar
conditions, with increased windiness, are recorded at the Golden Gate Highlands National
Park between ca. 17-16 ka (Stewart & Mitchell 2018: 8), while cool and moist conditions
with increased grassland vegetation are recorded at Aliwal North between ca. 16-14 kBP
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(Coetzee 1967; Lewis 2008; Scott et al. 2012). Isotope and charcoal records from Rose
Cottage Cave suggest that conditions were cooler with increased moister availability at ca. 16
ka, followed by dry and warm conditions (Smith et al. 2002; Stewart & Mitchell 2018).
Parallel conditions are recorded at Braamhoek and Mahwaga ca. 16 ka, with possible
increases in winter rainfall (Finné et al. 2010; Neumann et al. 2014; Norstrém et al. 2014). In
contrast, pollen records from Mfabeni peatland indicate that the region received a larger
component of summer rainfall between ca. 17-15 ka (Chevalier & Chase 2015). More
diverse fauna are found at Sehonghong with small, browsing, and canopy-loving antelope
re-appearing in the record (Plug & Mitchell 2008). By ca. 15.7-15.2 ka, warmer conditions
are indicated by elevated 3C sediment values (Loftus et al. 2015; Pargeter et al. 2017).
These are subsequently replaced by cooler conditions ca. 14.6—13 ka following the onset of
the Antarctic Cold Reversal (ACR) (Pedro et al. 2016; Stewart & Mitchell 2018). In general,
the early Last Glacial Interglacial Transition was characterised by relatively humid conditions
that terminated abruptly at ca. 14.2 cal. KBP (Chase et al. 2017). This aligns relatively well
with the strengthening of the Atlantic Meridional Overturning Circulation associated with the
post-Henrich Stadial 1 (ca. 18-14.6 ka) (McManus et al. 2004) and the onset of the ACR
(Pedro et al. 2016).

The ACR is not widely documented in southern Africa with weak ACR signals along the
west coast (Farmer et al. 2005), in pollen records from the marine core (GeoB1023-5), off the
Namibian coast (Dupont et al. 2004), in the southern and central regions of the SRZ
(Holmgren et al. 2003; Norstrom et al. 2009; Chase et al. 2017), and unclear signals along
the east coast (Bard et al. 1997). The ACR has been associated with Antarctic ice expansion,
a northward shift in the westerly storm belt, cooler Southern Ocean SSTs, and an
equatorward shift of the Subtropical Front, resulting in reduced precipitation in the SRZ
(Fischer et al. 2007; Barker et al. 2009; Chase et al. 2017; Kylander et al. 2021), and
increased winter rainfall in the southern Cape (Pedro et al. 2016). However, these changes
may be associated with another global climate event, namely the YD. The YD event is well
recognised in the Northern Hemisphere and is associated with a cooling period between ca.
13.5 and 11.5 cal. kBP (Alley et al. 1993; Andres et al. 2003; Thackeray & Scott 2006;
Thackeray et al. 2019). There is increasing support for its occurrence in southern African
records (Scott & Thackeray 1987; Tusenius 1989; Cohen et al. 1992; Scott et al. 1995, 2003;
Abell & Plug 2000; Dupont et al. 2004; Thackeray & Scott 2006; McCarthy et al. 2010;
Quick et al. 2011; Backwell et al. 2014; Chase et al. 2015a; Loftus et al. 2015; Collins et al.
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2017; Thackeray 2018; Ames et al. 2020), although the associated climate conditions remain
unclear and vary regionally (Chase et al. 2011; Fitchett et al. 2017a). Furthermore, there is a
lack of evidence for this event along the warm, moist east coast. This may be due to a lack of
samples but could more interestingly reflect a microclimatic effect whereby persistent local
warming driven by the warm Agulhas current conceals global scale cooling (Fitchett et al.
2017a: 283).

2.4.4 MARINE ISOTOPE STAGE 1 (14-5 KA)

The transition from MIS 2 to 1 was characterised by relatively wet conditions, with the
western and southern regions becoming more humid and the northeast region becoming drier
(Scott et al. 2012: 16). Temperatures appear to have ameliorated by ca. 14 cal. KBP at
Braamhoek and Craigrossie (Scott 1989, Norstrom et al. 2009; Scott et al. 2012). Evidence of
warming is evident in the interior highland of southern Africa by ca. 13.5 ka (Loftus et al.
2015), thereafter rapid temperature changes occur (Truc et al. 2013; Pedro et al. 2016;
Stewart & Mitchell 2018). Cool and dry conditions are recorded across the
Maloti-Drakensberg (Smith et al. 2002; Loftus et al. 2015; Pargeter et al. 2017; Stewart &
Mitchell 2018) and at Sekhokong, Lesotho from 14.3 cal. kBP (Kylander et al. 2021). Pollen
records from Wonderkrater indicate a significant cold reversal during the YD period with
temperature depressions of 6 + 2 °C and reduced summer rainfall (Truc et al. 2013: 575;
Stewart & Mitchell 2018: 9). This is supported by pollen records from sites located in the
southern Savanna biome (Scott et al. 2012), and by the depositional hiatus in the Cold Air
Cave speleothem (Holmgren et al. 2003).

A TP occupation is recorded at GRS, making GRS one of the few sites in the southern
African interior to preserve a YD occupation (Collins et al. 2017; Ames et al. 2020). The
microbotanical data suggests that relatively cool and moist grassland conditions prevail with
woody vegetation likely growing along stream margins (Ames et al. 2020). The proportion of
Cs to C4 grass is comparable and suggest that growing conditions were somewhat cooler than
present. The prevalence of Panicoideae implies that conditions were moister with a likely
increase in summer rainfall compared to the LP (Ames et al. 2020: 12). The region received
at least some year-round rainfall (Ames et al. 2020). Regional wetness was experienced at
Braamhoek wetland from 14 ka to ca. 13.6 or 13.2 ka (dependent on proxy record), followed
by persistent cold between ca. 12.6 and 11.3 ka as indicated by the presence of fynbos pollen
(Finné et al. 2010; Norstrom et al. 2014). Proxy records from Braamhoek and

palaeogeomorphogical evidence from eastern Lesotho suggest that mid-latitude cyclones
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were more intense and that the westerly storm belt migrated northwards during the TP
(Norstrom et al. 2009, 2014; Finné et al. 2010; Mills et al. 2012). Variable conditions are
recorded at several sites during this period, for example, more humid conditions are
documented at Lake Tswaing between ca. 14-10 kBP (Kristen et al. 2010), wet conditions at
Sudwala Cave (Green et al. 2015) and Tsoaing River Basin before ca. 12.2 kBP (Grab et al.
2005), cold and moist conditions at Bushmans Rockshelter between 12.2 and 11.65 ka (Abell
& Plug 2000), cool conditions with increased moisture availability are indicated at
Wonderwerk Cave (Lee-Thorp & Ecker 2015), dry and warm conditions are recorded at
Rietvlei between 14.8 and 11.0 cal. kBP (Quick et al. 2015), and warmer temperatures are
recorded across the Caledon River Valley at ca. 12.9 cal. kBP (Esterhuysen & Smith 2003).
Moister conditions are indicated across the Caledon River Valley from ca.12 to 10 kBP (Scott
1986; Wadley et al. 1992). These are subsequently replaced by drier conditions in the Aliwal
North district by ca. 11 kBP (Coetzee 1967; Scott 1989), at Ravenscraig between ca. 11.8—
11.2 ka (Tusenius 1989), and the upper Caledon River Valley by 9 kBP (Wadley et al. 1992).
Moist conditions with a strong winter rainfall regime are indicated at Elands Bay Cave (Klein
& Cruz-Uribe 1987; Cartwright & Parkington 1997; Parkington et al. 2000; Stowe & Sealy
2016). This trend extends across the region and is documented at Pakhuis Pass, De Rif (Scott
& Woodborne 20073, b; Chase et al. 2011; Quick et al. 2011), and in Namibia (Chase et al.
2009).

The period between the TP and the Holocene is marked by the mass extinction of several
large grazers and may account for the transition from large to small bovids seen in
archaeological assemblages throughout southern Africa (Klein 1972, 1978, 1983; Plug &
Engela 1992; Mitchell 1993; Faith 2011a, 2012; 2013b, 2014, Sealy et al. 2016, 2020; Ecker
et al. 2018). Several mechanisms have been proposed for this change including increased
aridity and reduced productivity or availability of grassland habitats (Klein 1980, 1984; Brink
1987, 1999, 2016; Brink & Lee-Thorp 1992), structural changes in grassland habitats (Faith
2014), intensified competition among grazers (Thackeray 1984, 2015), increased seasonality
(Faith 2011a), altered rainfall regimes (Faith 2014), elevated atmospheric CO2 concentrations
(Faith 2014), and/or increased niche specialisation (Codron et al. 2008). Environmental and
climate change affected faunal communities, but the primary forces behind these changes are
unclear (Ecker et al. 2018: 133).

Relatively warm and arid conditions are reported in the central, eastern, and northern regions

of southern Africa’s SRZ, while relatively mesic conditions are reported in the southwestern
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WRZ during the Early Holocene (Scott & Lee-Thorp 2004; Lewis 2008). These conditions
are reversed in the MH (Scott & Lee-Thorp 2004: 81). Several forcing mechanisms are
proposed for this trend. Chase et al. (2009, 2010) suggest that Northern Hemisphere forcing
is responsible for these conditions, aligning with the African Humid Period from ca. 14.8 to
5.5 cal. KBP (Kutzbach 1981; Kutzbach & Street-Perrott 1985; Street-Perrott & Perrott 1993;
deMenocal et al. 2000; Metwally et al. 2014). However, others suggest that this trend
resulted from Southern Hemisphere precessional forcing (Scott 1993; Street-Perrott & Perrott
1993; Partridge et al. 1997; Scott 19994, b; Scott et al. 2008; Brook et al. 2010; Metwally et
al. 2014). Scott et al. (2012: 16) argue that increased precessional forcing and Indian Ocean
SST led to increased rainfall in the northeastern SRZ with some delay in the central interior
as the ITCZ migrated south. Alternatively, Truc et al. (2013) argue that this relationship,
especially in the Savanna biome, may have superseded the influence of latitudinal shifts in
the ITCZ. Overall, local, regional, and global forcing mechanisms are responsible for changes
in rainfall, seasonality, and temperature between spatially separated biomes highlighting the
complexity of climate change across southern Africa (Scott & Lee-Thorp 2004; Burrough &
Thomas 2013; Metwally et al. 2014).

Warm and dry conditions are recorded in the SRZ during the early Holocene (Scott 1987,
1993, 1999a, b, 2016; Holmgren et al. 2003; Scott & Lee-Thorp 2004; Kristen et al. 2007,
2010; Scott et al. 2008, 2012; Truc et al. 2013; Metwally et al. 2014). Importantly, isotope
results do not always represent precipitation-evaporation as clearly as previously thought
(Stager et al. 2013; Sundgvist et al. 2013). Dry to arid conditions prevail at Wonderwerk
Cave between 12 and 6 cal. kBP, although sub-humid conditions may have been reached
during this period (Brook et al. 2010; Horwitz & Chazan 2015; Lee-Thorp & Ecker 2015;
Scott & Thackeray 2015), at Elands Bay Cave after 9.6 ka (Klein & Cruz-Uribe 2016), at
Boomplaas Cave between ca. 12.1 and 10.1 cal. kBP (Scholtz 1986; Deacon & Lancaster
1988; Sealy et al. 2016), in the southern Drakensberg (Tusenius 1989), and at Blydefontein
(Bousman 1991; Scott et al. 2005). Warm and moist conditions are documented at
Braamhoek wetland between 10.2 and 8.5 cal. kBP, with a strong summer rainfall component
between ca. 10.2-9.2 ka, followed by more arid conditions (Norstrom et al. 2009, 2014).
Moist conditions are documented along the east coast at Mahwaqa, Lake Eteza, and Mfabeni
peatlands between 10 and 8 cal. kBP (Neumann et al. 2010, 2014; Baker et al. 2014). Moist
or mesic conditions characterise the WRZ between ca. 10 and 8 cal. kBP (Klein 1991; Chase
& Thomas 2006; Meadows et al. 2010; Quick et al. 2011; Weldeab et al. 2013).
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Warm conditions are recorded across the Maloti-Drakensberg between ca. 11.5-8.5 ka and
coincides with the replacement of open grassland with more closed woody vegetation
(Stewart & Mitchell 2018: 9). The 8*3C values from tooth enamel and sediment indicate
warm conditions at Ha Makotoko ca. 11.4 cal. kBP, followed by cooler conditions ca. 10.5 ka
before returning to warmer conditions with a more stable C4 vegetation component,
paralleling global records (Smith et al. 2002; Roberts et al. 2013). Similar trends are recorded
at Ntloana TSoana, Sehonghong, and Rose Cottage Cave, although slightly higher
temperatures are recorded at Rose Cottage Cave (Plug & Mitchell 2008; Stewart & Mitchell
2018). Increased humidity is documented at Tloutle ca. 9.9-9.5 ka and conditions were mesic
enough to support patches of forest (Plug 1993; Esterhuysen & Mitchell 1997; Stewart &
Mitchell 2018). At Rose Cottage Cave, cool conditions are inferred from §*3C enamel values
(Smith et al. 2002) and the charcoal record (Esterhuysen et al. 1999; Esterhuysen & Smith
2003) at ca. 9.5-9.3 ka. Furthermore, the presence of kudu and wildebeest suggest that sweet
C4 grasslands and canopy cover increased between ca. 9.5-8.8 ka (Wadley 2000a) and the
charcoal record suggests that conditions were drier (Esterhuysen 1996). Wet conditions are
suggested at Ha Makotoko ca. 8.7 kBP by the presence of Podocarpus (Esterhuysen &
Mitchell 1997) and is associated with cooling between 9 and 8 kBP. Similar conditions are
reported at Tloutle (Mitchell 1993; Esterhuysen & Mitchell 1997; Esterhuysen et al. 1999;
Smith et al. 2002). These records coincide with fluctuating temperature and moisture
conditions captured in the phytolith and sedimentary records from Tsoaing River Basin
between ca. 8.6-8.45 kBP, although, moisture retention after ca. 8.45 kBP may reflect
changes in rainfall seasonality or intensity (Grab et al. 2005: 59). Finally, the highest number
of LSA occupations are recorded in eastern Lesotho between ca. 9-8.6 kBP (Mitchell 1994).

A short-lived cold event occurs at 8.2 ka and was driven by a large meltwater pulse in the
north Atlantic Ocean (Alley et al. 1997; Mayewski et al. 2004; Alley & Agustsdottir 2005;
Wanner et al. 2015). From ca. 8.4-7.8 cal. kBP, changes in cosmic ray flux or solar radiation
are documented (Stager & Mayewski 1997). This event has been commonly associated with
climate changes in the Northern Hemisphere, but evidence for this event has been
documented in Africa (Partridge et al. 1990; Lario et al. 1997; Stager & Mayewski 1997;
Gasse 2000; Cremaschi 2002; Smith et al. 2002; Thompson et al. 2002; Esterhuysen & Smith
2003; Holmgren et al. 2003; Stager et al. 2003; Finné et al. 2010; Scott et al. 2012; Neumann
et al. 2014; Norstrom et al. 2014; Chase et al. 2015a; Fitchett et al. 2017b). The widespread
occurrence of this event suggests that there was a relationship between the Northern and
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Southern Hemisphere, thus providing important insight into climate teleconnections and

ocean heat transport during the Holocene (Fitchett 2019: 49).

Southern African records aligning with this event include those from the Caledon River
Valley in western Lesotho (Smith et al. 2002), the Mafadi core (ca. 8.1-7.6 ka) on the border
of eastern Lesotho, the South African Drakensberg (Fitchett et al. 2017a, b), Makapansgat
speleothem (Holmgren et al. 2003), Braamhoek wetland ca. 8 cal. kBP (Finné et al. 2010;
Norstrom et al. 2014), and in the south-western Cape (Chase et al. 2015a). Moisture
availability decreases at Mahwaga from ca. 8.5 to 6.8 cal. kBP, and is paralleled by drying
events at Braamhoek, Florisbad, Tloutle, and Rietvlei (Esterhuysen & Mitchell 1997,
Neumann et al. 2014; Quick et al. 2015). A shift to Cz grasslands and temperature
depressions of approximately 3 °C and 4 °C are recorded between ca. 8.4-8.0 cal. kBP at
Rose Cottage Cave and Tloutle, respectively. This roughly aligns with the 8.2 ka cold event
(Wadley et al. 1992; Smith et al. 2002; Stewart & Mitchell 2018). At Sehonghong, several
large grazers became extinct and were replaced by WD species (i.e., common reedbuck)
between ca. 8.0-6.5 ka (Stewart & Mitchell 2018: 11). Similar trends are documented above
the escarpment in the Eastern Cape Drakensberg (Opperman 1987).

In contrast, there is extensive proxy evidence for the occurrence of a MH Altithermal in
southern Africa, between 7 and 5 cal. kBP (Lee-Thorp & Talma 2000; Scott & Lee-Thorp
2004; Grab et al. 2005; Scott et al. 2012; Chase et al. 2013; Truc et al. 2013). It is
characterised by improved moisture availability, at least in the SRZ, and warmer
temperatures (Chevalier & Chase 2015). However, the duration and timing of this event
varies between records, possibly signalling spatial variability (Scott 1993) or uncertainty in
the individual chronological records (Haberzettl et al. 2014). A brief and intense period of
occupation is recorded at GRS between 7.3-6.8 ka during which warmer temperatures and
summer rainfall are recorded (Ames et al. 2020). Similar conditions are inferred from the
Mafadi core after 7 ka with further warming documented between ca. 6.6-5.7 ka (Fitchett et
al. 2017b; Fitchett & Bamford 2017; Stewart & Mitchell 2018) and is paralleled at
Braamhoek and Rietvlei (Neumann et al. 2014; Norstrém et al. 2014; Quick et al. 2015).
Warm, wet conditions with increased Cs vegetation are suggested from the Cold Air Cave
stalagmite between 6.4-5.1 ka, with two reversals recorded between 5.7-5.1 ka (Lee-Thorp et
al. 2001). Similar results are reported by Holmgren et al. (2003) in another stalagmite from
Cold Air Cave. Warm SSTs are documented from 7 to 5 cal. KBP in the Mozambique
Channel (Bard et al. 1997). Increased moisture availability or wetter conditions are recorded
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in southern Africa at Lake Tswaing after ca. 7.5 kBP, reaching a maximum at ca. 5.5 kBP
(Kristen et al. 2010), Tsoaing River Basin between ca. 7.9-7.7 ka (Grab et al. 2005),
Wonderwerk Cave from ca. 7.5-5 ka (Avery 1981; Thackeray 1984, 2015; Lee-Thorp &
Ecker 2015), western Free State between ca. 7.7 and 6.3 kBP (Butzer 1984a, b), western
Lesotho between ca. 6.9 and 5 kBP (Esterhuysen & Mitchell 1997), and Mahwaga at ca. 6.2
cal. kBP (Neumann et al. 2014). Dry conditions are documented during the later Holocene at
Tsoaing River Basin ca. 6.7-6.1 ka (Grab et al. 2005), western Free State ca. 6.3 and 4.5 kBP
(Butzer 19844, b), at Braamhoek, Mahwaqga, and Rietvlei from ca. 5.6 cal. kBP (Scott et al.
2012; Neumann et al. 2014), Wonderwerk Cave (Horwitz & Chazan 2015; Scott &
Thackeray 2015), and in the central Free State ca. 5 kBP (Scott & Nyakale 2002).

Notably, many of these reconstructions are based on pollen records (Ecker et al. 2018).
Recent statistical models on pollen records from the SRZ have produced contrasting
reconstructions (Ecker et al. 2018: 133). For example, increases in moisture availability are
documented at some sites (e.g., Tswaing Crater and Wonderkrater) while dry conditions are
documented at other sites (e.g., Lake Eteza, Equus Cave, Braamhoek, and Blydefontein)
(Chevalier & Chase 2015; Scott 2016; Ecker et al. 2018). The use of Principal Components
Analysis on pollen records show that moisture decreased at several sites from 8—7 ka with
slightly cooler temperatures after 6 ka (Scott et al. 2012; Scott 2016). Unfortunately, this
method cannot distinguish between aridity and temperature signals and is further challenged

by poor chronological records (Ecker et al. 2018: 133).

Several studies suggest that conditions became gradually drier in the WRZ between ca. 8 and
3 cal. kBP (Martin 1968; Meadows & Baxter 2001; Chase & Thomas 2006; Scott &
Woodborne 2007a, b; Meadows et al. 2010; Weldeab et al. 2013), although relatively moist
conditions are suggested at Katbakkies Pass and Seweweekspoort between 8 and 1.7 cal. kBP
with brief interruptions between 8.0-7.3, 6.6-6.2, 5.7-5.2, and 3.2-2.7 cal. kBP (Zhao et al.
2016b). Notably, moister conditions occur at De Rif 2010 between 7.1 and 6.7 cal. kBP
(\Valsecchi et al. 2013). Dry conditions are recorded in the YRZ and WRZ during the
Holocene Altithermal as seen at Boomplaas Cave (Scholtz 1986), Cecilia Cave (Baxter
1989), Elands Bay Cave (Klein & Cruz-Uribe 1987; Klein 1991; Parkington et al. 2000),
Groenvlei (Martin 1968), Klaarfontein (Meadows & Baxter 2001), Pakhuis Pass (Scott &
Woodborne 20074, b), Seweweekspoort (Chase et al. 2012, 2013), Truitjies Kraal (Meadows
et al. 2010), and Vankervelsvlei (Irving 1998). This period of relative aridity has been

associated with reductions in the extent of Antarctic sea-ice (Fischer et al. 2007) and
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poleward displacement of the westerlies (Zhao et al. 2016b). However, at Byneskranskop
(Avery 1993) and Katbakkies Pass (Meadows et al. 2010; Chase et al. 2015b), more mesic
conditions with increased summer rainfall are recorded. Warmer SSTs are indicated at
Nelson Bay Cave by ca. 6.8 ka and are likely the result of more intense westerlies and their
associated frontal disturbances (Cohen & Tyson 1995), although this may also be the result of

slightly higher Agulhas currents or temperatures (Scott & Lee-Thorp 2004).
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CHAPTER 3: MATERIALS AND METHODS
3.1 SAMPLE COLLECTION

The faunal assemblage was recovered from three 1x1 m squares (B4, C4, and C5) excavated
at Grassridge Rockshelter (GRS) from 2014 to 2019. Samples from the late Pleistocene (LP)
and terminal Pleistocene (TP) come exclusively from unit B4, as these occupations have
currently only been recovered from this square. A single-context recording system was
utilised, each stratigraphic unit was excavated and recorded individually with thick contexts
sub-divided into 30 mm spits (Collins et al. 2017: 163). Artefacts measuring more than 20
mm and some small finds were piece-plotted in three dimensions using a total station. The
excavated sediment was sieved through a 1.5 mm mesh and the finds were sorted at the site
(Collins et al. 2017: 163). The faunal remains were sent to the University of the

Witwatersrand for analysis and curation.

3.2 SAMPLE SELECTION

One hundred long bone fragments were selected for this study, comprising ten bone
fragments from the LP (43-28 ka), 20 from the TP (13.5-11.6 ka), and 70 from the
mid-Holocene (MH; 7.3-6.8 ka). The sample size in each layer reflects the overall size of the
faunal assemblage from each occupational layer and the position of the plotted bones is
shown in Figure 3.1. The selected samples were cortical long bone fragments larger than 20
mm in length. An attempt was made to select well-preserved bone fragments by avoiding
those that appeared crumbly, chalky, or patently burnt (Sealy et al. 2014).
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Figure 3.1: Scatter plot showing the elevation and easting position of the GRS plotted finds
which are categorised by time period.
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The surface of each bone fragment was cleaned with a soft-bristled toothbrush and water and
air-dried for approximately 24 hours before being analysed for surface modifications under
an OLYMPUS SZ51 microscope (Appendix 1). The anterior and posterior side of each bone
fragment was photographed. The TP and MH bone fragments were cut in half in the
fumehood using a Dremel tool fitted with a diamond cutting wheel. One half was placed into
a labelled plastic bag and sent for Zooarchaeology by Mass Spectrometry (ZooMS) analysis
at the University of Manchester, while the other half was used for stable carbon and nitrogen
isotope analysis at iThemba Labs. Only the TP and MH bone fragments underwent both
ZooMS and stable isotope analysis as the LP bones were relatively small (<20 mm), and

collagen preservation was expected to be poor (see Lee-Thorp et al. 1989).

3.3 ZOOMS ANALYSIS
3.3.1 BONE PREPARATION

Due to travel restrictions relating to the COVID-19 pandemic, ZooMS was undertaken by
Finlay Thomas at the University of Manchester, following the acid-soluble approach set out
in van der Sluis et al. (2014). Approximately 50 mg of each bone fragment was powdered
onto a piece of foil in a fumehood, using a diamond-tipped dental drill-bit. The remainder
was retained in the collection. The bone powder was then transferred into a 1.5 mL tube and
the foil was discarded. The surface and drill-bit were wiped down with methanol before and
after each bone fragment was powdered.

3.3.2 COLLAGEN PEPTIDE ISOLATION

Each sample was covered with 1 mL 0.6 M hydrochloric acid (HCI) and refrigerated for
approximately 18 hours. The tubes were then spun at 12 400 rpm for three minutes to
precipitate the powder. Thereafter, 500 pL acid solution was removed from each sample into
Vivaspin® 500 centrifugal concentrators (10 kDa membrane) and then spun at 12 400 rpm
for 30 minutes. The filtrate was discarded, and the membranes were rinsed twice with 500 pL
50 mM ammonium bicarbonate (ABC). The retentate was resuspended in 100 pL 50 mM
ABC and then transferred into 0.5 mL tubes.

Trypsin (Promega, porcine sequencing grade) was prepared at a concentration of 10 pg per
100 pL resuspension buffer. Collagen was digested by adding 2 pL trypsin to each sample,
followed by an incubation period of roughly 18 hours at 37 °C. A combination of
a-cyano-4-hydroxycinnamic acid and 50% acetonitrile 0.1% trifluoroacetic acid (TFA)
solution was used to prepare the matrix-assisted laser desorption/ionisation (MALDI) matrix

solution at a concentration of 1 mg per 100 pL, respectively. Subsequently, 1 pL of the
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digested collagen sample was diluted in 1/20 0.1% TFA and spotted onto a MALDI plate
with an equal volume of the matrix solution. This was allowed to air dry at room temperature

before being analysed by the mass spectrometer.

3.3.3 MALDI-MS ANALYSIS

A Bruker Rapiflex Tissuetyper instrument was used for matrix-assisted laser
desorption/ionisation -Time of Flight (MALDI-ToF) mass spectrometry over the m/z range of
700-3700. Spectra were identified manually by comparing their biomarkers with those in the
reference database (Buckley & Collins 2011; Bradfield et al. 2019, 2021; Janzen et al. 2021).

3.4 ISOTOPIC ANALYSIS
3.4.1 BONE PREPARATION

The TP and MH bone fragments were further sub-sampled into bone chunks (x 5 mm) in the
fumehood using a Dremel tool fitted with a diamond cutting wheel and the remaining

fragment was retained in the collection.

3.4.2 PRETREATMENT

Bone collagen was isolated following the standard procedures employed by Sealy et al.
(2014), however, the sodium hydroxide step was excluded as collagen preservation was
expected to be poor (Rudakova & Zaikov 1987; https://www.radiocarbon.com/carbon-dating-
pretreatment.htm consulted March 2021; Guiry & Szpak 2021: 12). Each bone chunk was

placed into a beaker and covered with 20-30 mL of 0.2 M HCI at room temperature. The HCI
solution was added at the beginning of each day and subsequently decanted and replaced with
50 mL of de-ionised water at the end of each day so that the progress of demineralisation
could be monitored closely. In addition, HCI solution was poured off and replaced if it
became yellow or contained debris. This continued until a collagen pseudomorph remained,
in some cases, these were fragmented or discoloured possibly indicating poor preservation
(Zhu 2016: 51). A Stemi DV4 microscope was used to monitor demineralisation and bones
were considered demineralised when they were transparent, soft, flexible, and no longer
effervescing. This process took anywhere between 7-54 hours (excluding time in distilled
water). The bone collagen pseudomorph and beaker were rinsed with distilled water three
times before being placed in an EcoTherm oven overnight at 70 °C to dry. Once dried the
samples were transferred into a labelled plastic bag.

3.4.3 DETERMINATION OF STABLE CARBON AND NITROGEN ISOTOPE RATIOS
Approximately 0.5 mg of each sample was transferred into a tin cup before being combusted

in a Flash 2000 organic elemental analyser set to 1020 °C. The resultant carbon dioxide
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(COy) and dinitrogen (N2) gases were purified and carried by a helium carrier gas into a Delta
V Advantage isotope mass spectrometer (Thermo Scientific, Germany) through a ConflolV
interface. The raw data were calibrated using Urea (§**C = -39.73%o, 61°N = -0.73%o) and
Merck Gel (813C = -20.57%o, 8°N = 6.80%o). The standard deviation of repeated
measurements (n = 14) of homogenous materials analysed in the same run was better than
0.22%o and 0.06%o for 3*3C and &*°N, respectively. Carbon results were reported relative to
Vienna Pee Dee Belemnite (V-PDB) while atmospheric nitrogen (AIR) was used for

nitrogen.

3.4.4 QUALITY INDICATORS

All but one sample yielded a collagen pseudomorph. The C: N ratios, weight C%, and weight
N% of each sample was recorded to determine the collagen quality of each sample (Appendix
2).

3.5 STATISTICAL ANALYSIS

All statistical analyses were conducted using the free PAST statistical software (4.03
version). Both descriptive (i.e., measures of central tendency) and inferential (i.e.,
Chi-square, Mann-Whitney U-test [MW], Shapiro-Wilk test) statistics were selected to
analyse the data (Appendix 3).

Faunal samples were identified using ZooMS and placed into categories, namely,
unsuccessful, sub-family, tribe, genus, species, and unknown. These were further categorised
into two categories, namely, successful identifications (i.e., those identified to at least tribe
including the unknowns for which reference data was not available despite high-resolution
collagen barcodes being produced) and unsuccessful identifications (i.e., those with low
resolutions or no collagen peptide markers). Success data in a contingency table was analysed
using a chi-square test to determine whether success differed in the LP, TP, and MH
occupations. Additionally, the success of ZooMS and the effects of heating and the bones

surface condition were analysed, again using a chi-square test.

For the faunal data, the samples were classified into three groups, namely, browser,
intermediate feeder, or grazer according to Skinner and Chimimba (2005) or stable carbon
isotope ratios (Appendix 2). Where necessary, low-resolution samples were excluded. The
number of browsers and grazers in each occupational layer was compiled into a contingency
table and a chi-square test was used to determine whether there were differences in the type
of taxa inhabiting GRS throughout the sequence. These were then divided into LP-TP and

TP-MH to see if this result was driven by major faunal turnover throughout the sequence or
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between two periods. Faunal change is expected to correlate with vegetation change resulting
from palaeoenvironmental change. Furthermore, the number of water-dependent (WD) and
water-independent (WI) taxa in each occupational layer was compiled into a contingency
table and a chi-square test was used to determine whether there were changes in water
availability through the sequence. To increase the sample size, these samples were combined

with Opperman’s, and the same tests were applied (Appendix 4).

In many cases, Shapiro-Wilk tests indicate non-normal distributions in the stable isotope data
(Appendix 3) and so non-parametric tests were employed. Violin plots with box plots were
plotted to examine the distribution of §*3C values in TP and MH browsers and grazers.
Mann-Whitney U-tests were used to examine differences between the stable isotope ratios of
browsers and grazers, changes in the stable isotope ratios between the TP and MH, the
dietary grouping of the unknown and other taxa (i.e., springbok [Antidorcas marsupialis],
eland, Reduncini), and differences in stable isotope ratios of WD and WI taxa. Additionally,
the effect of a large number of MH grey rhebok (n = 33) on the distribution of §*3C values
and MH browser trend was examined using violin plots with box plots and MW U-tests.
Unfortunately, too few individual taxa were identified in each occupational layer for
meaningful statistical analyses.
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CHAPTER 4: RESULTS

The results of this study are presented in this chapter. Faunal and isotopic results are
presented in Table 4.1, and the collagen quality indicators and collagen fingerprints are in
Appendix 2 and 5, respectively. The C: N ratios of the extracted collagen ranged between 3.2
and 3.6 and the wC% and wtN% ranged between 24.6-47.6% and 8.7-17.5%, respectively.
These values fall within the acceptable range for well-preserved collagen (Ambrose 1990).
Only one sample (069) did not meet these requirements and had to be excluded from this
study. Notably, low-resolution samples are excluded when necessary. Three sections are
included, the first examines the success of faunal identification using Zooarchaeology by
Mass Spectrometry (ZooMS), the second examines faunal change between the late
Pleistocene (LP), terminal Pleistocene (TP), and mid-Holocene (MH) occupations at
Grassridge Rockshelter (GRS), and the third examines shifts in the stable carbon and nitrogen
isotope ratios between the TP and MH. Statistical tests are used to distinguish significant
differences and similarities in this dataset and the significance level is at . < 0.05 for all

statistical analyses (see Appendix 3).

Table 4.1: Table of fauna identified using ZooMS and their stable carbon and nitrogen isotopes. Diet
based on life history (Skinner & Chimimba 2005) unless the faunal resolution is low then stable
carbon isotope ratios (italics) are used to infer diet. Cs browser (B) between -29.5%0 and -17.5%o, Ca
grazer (G) between -10.5%o and -2.5%o, intermediate (M) falls between -17.5%o and -10.5%o (Adapted
from Lee-Thorp 2008). Water-dependent (WD) and water-independent (W1). *Springbok 6**C values
not significantly different from browsers. **Reduncini (browser) most likely grey rhebok, inferred
from Cssignature. Heated: v“= bone was heated, ¥ = bone was not heated. Surface preservation: 1
= < Y, of total cortical surface is well preserved, 2 = Y4 - %, 3 =% - ¥%, 4 = > ¥ (Fernandez-Jalvo &
Andrews 2016). Diet of suni and carbon signature differ, likely misidentification of suni.
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032 -109 37 32 M - MH v 3

T L. 036 -111 43 32 M MH x 3

Aepycerotini/Antilopini/Neotragini

049 -175 120 3.2 B - TP x 2

100 -196 85 33 B - MH x 3

009 -138 6.2 32 G WD MH v 3

023 -64 120 3.2 G WD TP x 3

024 -75 127 32 G WD TP x 3

Alcelaphini 026 -70 128 3.2 G WD TP v 3
048 -6.8 6.1 32 G WD TP v 2

052 -6.2 102 3.2 G WD TP x 3

054 -6.2 131 3.2 G WD TP x 2
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Antelopini
*Springbok (A. marsupialis)

Antilopinae
Low resolution

Unknown Antilopinae
1

Unknown Antilopinae
2

Cephalophini
Blue Duiker (P. monticola)
Equid

Hippotragini
Neotragini
Suni (N. moschatus)

Reduncini Browser
**Grey rhebok (P. capreolus)

056
060
080
087
092
093
095
098
099
005
008
031
051
021
022
046
069
072
090
091
097
002
019
028
039
044
076
077
050
078
084
096

035

020
094
068

025

003
004
006
007
010
011
012

-6.5
-6.7
-13.4
-6.7

-16.4
-18.8
-20.0
-17.6
-7.9
-13.3
-1.4

-12.2

-5.6
-6.1
-7.8
-5.3
-6.1
-6.9
-10.5
-17.5
-20.0
-19.3

-17.5

-19.8
-18.9
-19.1
-20.0
-19.8
-19.9
-19.0

64

10.7
6.0
5.3
8.7

7.0
9.4
5.8
12.0
6.0
8.2
11.7

4.3

3.2
5.8
4.0
2.8
3.1
2.3
3.7
5.4
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Reduncini Browser
**Grey Rhebok (P. capreolus)

Reduncini Grazer

Struthionidae
Ostrich (S. camelus)

Tragelaphini
Common eland (T. oryx)

Phacochoerini
Warthog (Phacochoerus africanus)
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040
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015
075
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4.1 THE SUCCESS OF ZOOMS AT GRS

Overall, ZooMS identified 57% (n = 57) of the sample to tribe, 15% (n = 15) to species, 12%
(n =12) to sub-family, 11% (n = 11) were unknown (collagen fingerprint not in the reference
database), 3% (n = 3) were unsuccessful, and 2% (n = 2) were identified to genus (Fig. 4.1).
Samples identified to at least tribe (including the unknowns) are considered successful while
those with a low resolution (> tribe level) or no collagen markers are considered
unsuccessful. No significant difference (3% (2) = 2.01, p = 0.36) was found between the
number of successful and unsuccessful samples in each occupational layer. Additionally, no
significant difference was found between heated bone (3% (1) = 0.01, p = 0.90) or the surface
condition of bone (% (1) = 2.94, p = 0.09) and the success of ZooMS.
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Figure 4.1: Cluster diagram showing the taxonomic resolution for each period and the
overall sample. Number of samples for each category is given on the graph.

4.2 FAUNAL REMAINS

Fauna are split into three groups, namely browsers, intermediate feeders, and grazers (Table
4.1). Where possible, diet was assigned following Skinner and Chimimba (2005), however,
313C values have been used to infer diet in samples with low resolutions and in tribes
containing taxa with specified diets (i.e., Reduncini) or dietary preferences (i.e., springbok).

Changes in the number of browsers and grazers should correspond to changes in vegetation
which is influenced by the environment.

Figure 4.2 shows a decline in grazers and increase in browsers from the LP to MH at GRS.
Chi-squared analysis shows a significant difference (¥ (2) = 12.43, p = 0.002) between the
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number of browsing and grazing taxa through time. Moreover, a significant difference (32 (1)
=5.63, p = 0.02) was found between the number of browsers and grazers in the TP and MH,
but not in the LP and TP. This suggests that the trend is driven by major faunal turnover in
the TP and MH. A similar trend was observed in Opperman’s ungulate faunal assemblage
(Appendix 6). In both cases, more than 30% of the expected values were smaller than five.
To combat this issue the ungulate assemblages were combined (Appendix 4). A significant
difference ( (2) = 31.69, p < 0.001) was found between browsers and grazers in all layers,
the LP and TP (x? (1) = 10.89, p < 0.001), and the TP and MH (3% (1) = 6.10, p = 0.01).
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Figure 4.2: Cluster diagram showing the proportion (%) of bovid browsers and
grazers for each occupational period at GRS with n-values included.

4.3 STABLE CARBON AND NITROGEN ISOTOPES
All §3C and 5'°N values are reported in Table 4.1. §**C bone collagen values

between -29.5%o and -17.5%o indicate a majority Cs diet and those between -10.5%o
and -2.5%o indicate a majority Cs diet (Adapted from Lee-Thorp 2008).

Springbok are often classified as intermediate feeders consuming a mix of Cs, C4, and CAM
plants (Gagnon & Chew 2000; Skinner & Chimimba 2005). However, studies have shown
that springbok preferentially select Cz browse over Cz/C4 graze in most environments
(Codron et al. 2008; Lehmann et al. 2013; Venter & Kalule-Sabiti 2016). The 5!3C values of
GRS springbok are not significantly different (MW z =-0.91, p = 0.36) from GRS browsers.

Therefore, springbok have been included in the browser category.

The combined use of ZooMS and stable carbon isotopes allowed higher resolution taxonomic

identifications in the Reduncini tribe. Presently, the southern African Reduncini tribe
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includes lechwe (Kobus leche), waterbuck (K. ellipsiprymnus), southern reedbuck, mountain
reedbuck, and grey rhebok: the last three were recorded at GRS by Opperman (1984, 1987,
1988). Most Reduncini are medium to large grazers associated with water, but grey rhebok is
the only water-independent (WI) browser (Skinner & Chimimba 2005; Castell6 2016).
Reduncini make up 40% (n = 40) of the GRS sample. §*3C values of < -18.0%o are
documented in 87.5% (n = 35) of GRS Reduncini’s indicating a C3 browsing diet (Table 4.1).
Since grey rhebok are the only browsing Reduncini (Skinner & Chimimba 2005; Castelld
2016) we can assume that these samples are grey rhebok.

Herbivore niche separation is indicated by non-normal bimodal distributions of §*3C values in
the TP and MH (Fig. 4.3). 5'3C values range from majority Cs diets (min: -20.8%o) to
majority Cs diets (max: -5.3%o) (Fig. 4.4, 4.5, 4.6; Table 4.1).

TP all
(n=17)

MH all
(n=60)

LU

MH
(excl. rhebok)
(n=27)

L] L]
24 22 20 48 16 14 2 A0 8 & 4 2
S13C (%o)

Figure 4.3: Violin plot with box plot included for the 6*3C values of TP and MH taxa. Taxa
include browsers and grazers. A third violin plot with a box plot excluding MH grey rhebok is
presented to investigate the effect of their large sample size (n =33) on the MH distribution.
This trend is subtle in the MH and is likely driven by the large number of MH grey rhebok (n
= 33). Once removed, this trend becomes more apparent with browsers and grazers clustering

around the Cz and C4 mean with no overlap between these taxa (Fig 4.6). Larger variation in
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the §*3C values of MH grazers compared to TP grazers may explain the less distinct peaks
observed in the MH (Fig. 4.3, 4.6). The 8'°N values range from 5.4%o to 13.1%o (TP) and
2.3%0 to 9.4%0 (MH) (Fig. 4.4, 4.5, 4.6; Table 4.1). No significant difference was found

between the 6°N values TP or MH browsers and grazers.
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Figure 4.4: Scatter plot containing the 5>C and 6*°N values of TP (orange) and MH (blue) taxa.
The dotted grey lines represent the mean 6**C values for Cz and C4 consumers which were
adjusted by 1.5%o from modern means.
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Figure 4.7 shows the spread of *3C and §*°N values of TP and MH browsers and grazers.
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Figure 4.7: Box and jitter plots showing the 6™*C and 5*°N values of TP and MH browsers and grazers.

Browsing ungulates have mean §'3C values of -18.4 + 0.9%o (TP, n = 7) and -19.4 + 0.8%o
(MH, n = 44), ranging from -19.9%e. to -17.5%0 and -20.8%o to -16.4%o, respectively. There is
a significant difference between the §*3C values (MW z = 2.52, p = 0.01) of TP and MH
browsers. The MH browsing assemblage is dominated by grey rhebok. Grey rhebok have
mean 3*3C values of -18.9%o (TP, n = 2) and -19.6 + 0.5%0 (MH, n = 33), ranging

from -20.8%o to -18.0%0 in the MH. Grey rhebok were subsequently removed from the MH
(and TP) browsing sample, to assess their impact on the distribution of MH §*3C browser
values (Fig. 4.8). The remaining browsers had mean 5'3C values of -18.2 + 1.0%o (TP, n = 5)
and -18.7 £ 1.1%o. (MH, n = 11), ranging from -19.9%o to -17.5%o and -20.0%o to -16.4%e,
respectively. No significant difference (MW z = 1.02, p = 0.31) was found between the
remaining TP and MH browsers and the mean §*3C value of TP grey rhebok fell within two
standard deviations of the MH grey rhebok. However, a significant difference (MW z = 2.08,
p = 0.04) was found between MH grey rhebok and the remaining MH browsers. The mean
81N browser values are 9.1 + 2.7%o (TP, n = 7) and 5.2 + 1.2%0 (MH, n = 44), ranging from
5.4%0 to 12.0%o0 and 3.1%o to 9.4%o, respectively. There is a significant difference (MW z =
3.37; p < 0.001) between the 3°N values of TP and MH browsers.
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Figure 4.8: Violin plots with box plots for the 6**C values of the remaining MH browsers, MH grey
rhebok, and MH browsers.

Grazing ungulates have mean §*3C values of -6.8 = 1.1%o (TP, n = 10) and -9.1 + 3.1%o (MH,
n = 16), ranging from -9.6%o to -5.5%0 and -13.8%o to -5.3%., respectively. No significant
difference (MW z = -1.53, p = 0.13) was found between the §3C values of TP and MH
grazers. Mean 8%°N values are 9.6 + 3.2%o (TP, n = 10) and 5.1 + 2.1%0 (MH, n = 16),
ranging from 5.8%o to 13.1%o and 2.3%o to 8.7%o, respectively. There is a significant
difference (MW z = -2.87, p = 0.004) between the 5'°N values of TP and MH grazers. Some
grazing ungulates have a propensity to migrate in some environments. At GRS, migratory
grazers include Alcelaphini and Equid while non-migratory grazers include Reduncini and
Hippotragini (Skinner & Chimimba 2005; Hodgkins et al. 2020). The mean §**C values of
TP migratory grazers were -7.0 = 1.1%o (n = 8) and non-migratory grazers was -5.5%o (n = 1).
The mean §*3C values of MH migratory grazers were -10.15 + 4.0%o (n = 4) and
non-migratory grazers was -10.74 + 3.1%. (MH, n = 5). No significant difference was found
between the §!3C values of TP and MH migratory grazers (MW z = 1.28, p = 0.2) or MH
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migratory and non-migratory grazers (MW z = 0.37, p = 0.7), however, sample sizes may be

too small for meaningful assessment.

4.3.1 WATER DEPENDENCY

Changes in the number of water-dependent (WD) and WI taxa and §**C and §*°N may
indicate changes in water availability over time (Fig. 4.9). Water-dependent taxa include
Alcelaphini, Equid, and grazing Reduncini, while W1 taxa include grey rhebok, common
eland, blue duiker, and springbok (Skinner & Chimimba 2005). There is a significant
difference (x?(2) = 24.41, p < 0.001) between the number of WD and WI taxa in the LP, TP,
and MH. Furthermore, a significant difference (¥*(1) = 12.71, p = 0.002) was found between
the number of WD and WI taxa in the TP and MH but not in the LP and TP. This may be the

result of small sample size and low expected values (Appendix 3).

= HEH : — o
ME WI F—H}—.\\. . : } -
TEWD . % ! +_.. . . -_+

MHWD pae | . —4 ' ] e | +—4

T T T T T T T T
8 g 10 11 12 13 14

-21 -20 -13 -18 -14 -12 -10 -3

§13C (%o) 15N (%o)

o\-
.
e
o]
[
o

Figure 4.9: Box and jitter plots showing the 6**C and 6*N values of TP and MH WD and Wi

taxa.
The mean 33C values of WD taxa are -6.9 + 1.2%o (TP, n = 9) and -10.6 + 3.5%0 (MH, n =
8), ranging from -9.6%o to -5.5%o and -13.8%o to -6.0%o, respectively. Mean 5'°N values are
10.0 £ 3.1%0 (TP, n=9) and 6.5 + 1.6%0 (MH, n = 8), ranging from 5.8%o to 13.1%o and
3.6%o to 8.7%o, respectively. Water-independent taxa have mean 5'3C values of -18.7 + 0.8%o
(TP, n=5) and -19.3 + 0.8%0 (MH, n = 41), ranging from -19.9%o to -17.6%o and -20.8%o
t0 -16.4%o, respectively. Mean 8*°N values are 9.2 +2.4%o (TP, n=5) and 5.1 + 1.2%o (MH,
n = 41) ranging from 6.2%o to 12.0%0 and 3.1%o to 9.4%., respectively. No significant
difference was found between the §*3C values of TP and MH WD or WI taxa. There is,
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however, a significant difference between the 5!°N values of TP and MH WD (MW z = -1.97
p =0.05) and WI (MW z =-3.39, p = 0.001) taxa. A significant difference (MW z =-2.52, p
= 0.01) was found between the §°N values of MH WD and WI taxa but no significant
difference was found between TP WD and WI taxa.

4.3.2 INDIVIDUAL TAXA

Alcelaphini

Alcelaphini have mean §3C values of -6.7 + 0.5%o (TP, n = 7) and -10.2 + 4.0%0 (MH, n = 4),
ranging from -7.5%o to -6.2%o and -13.8%o to -6.7%o, respectively. Mean §'°N values are 11.1
+2.5%0 (TP, n=7) and 6.6 £ 1.5%0 (MH, n = 4), with a range of 6.1%o to 13.1%o and 5.3%o to
8.7%o, respectively. No significant difference was found between the §'3C values of TP and
MH Alcelaphini, however, a significant difference (MW z = -2.17, p = 0.03) was found in the
51N values.

Reduncini

Reduncini have been split into browsers (most likely grey rhebok) and grazers (Fig. 4.5, 4.6;
Table 4.1). A significant difference (MW z = -3.56, p < 0.001) was found between the §*3C
values of browsing and grazing Reduncini. Browsers have mean §*3C values of -18.9%. (TP,
n=2)and-19.6 + 0.5%0 (MH, n = 33), ranging from -20.8%o to -18.0%o in the MH. Mean
SN values are 7.2 = 1.4%o (TP, n = 2) and 4.7 + 0.7%o (MH, n = 33), ranging from 6.2%o to
8.2%o and 3.1%o to 6.0%o, respectively.

Grazers have mean 5'3C values of -5.5%0 (TP, n = 1) and -11.1 * 3.4%0 (MH, n = 4), ranging
from -13.2%o to -6.0%o in the MH. There is no significant difference between MH grazers and
MH Reduncini grazers (MW z = 0.91; p = 0.36). Mean 5'°N values are 5.8%o (TP, n = 1) and
6.4 = 1.9%0 (MH, n = 4), ranging from 3.6%o to 7.6%o in the MH.

Tragelaphini

Tragelaphini, comprising common eland, have mean &*3C values of -19.2 + 1.1%o (TP, n = 2)
and -18.6 £ 0.7%o. (MH, n = 4), ranging from -19.9%o to -18.4%o and -19.6%o to -17.9%o,
respectively. No significant difference was found between the §*3C values of the Tragelaphini
and browsers. Mean 5°N values are 9.9 + 1.9%o (TP, n = 2) and 6.2 + 1.3%0 (MH, n = 4),
ranging from 8.5%o to 11.2%o and 4.7%o to 7.5%o, respectively.

Antelopini

Antelopini, comprising springbok, have mean §**C values of -17.6%o (TP, n = 1) and -18.4 +

1.8%0 (MH, n = 3), with a range of -20.0%o to -16.4%o in the MH. Mean &*°N values are 12.0%o
(TP,n=1) and 7.4 = 1.8%0 (MH, n = 3), with a range of 5.8%o to 9.4%o in the MH.
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Other

The §*3C and §™°N values of taxa represented by one sample or with low taxonomic
resolutions, including blue duiker, Hippotragini, suni, equid, ostrich, warthog, and
Aepycerotini/Antilopini/Neotragini, are found in Table 4.1. The suni specimen is highlighted
here as it has a 8*3C value of -9.8%o, suggesting that this specimen consumed a Ca diet calling

into question the identification of this sample.

Two unknown Antilopinae (n = 9) were identified. These samples produced good collagen
fingerprints but could not be identified as no comparative collagen fingerprint was found in
the reference database. Unknown Antilopinae 1 had mean 3!3C values of -6.1%o (TP, n = 1)
and -7.0 £+ 1.9%o (MH, n = 6), ranging from -10.5%o to -5.3%o in the MH. The §*3C values of
this specimen were not significantly different from grazers. Mean §*°N values are 5.8%o (TP,
n=1)and 3.2 £ 0.6%. (MH, n = 6), ranging from 2.3%o to 4.0%o in the MH. Unknown
Antilopinae 2 had mean §'3C values of -17.5%o (TP, n = 1) and -19.7 + 0.5%0 (MH, n = 2),
ranging from -20.0%o to -19.3%o in the MH. The &*3C values of this specimen were not
significantly different from browsers. Mean §*°N values are 5.4%o (TP, n = 1) and 5.3  1.3%o

(MH, n =2), ranging from 4.3%o to 6.2%o in the MH. It is also found in the LP assemblage.
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CHAPTER 5: DISCUSSION

This chapter discusses the results of this study and addresses the research questions posed in
the introduction. The following is discussed: the success of Zooarchaeology by Mass
Spectrometry (ZooMS) at Grassridge Rockshelter (GRS), shifts in fauna and stable isotope
ratios through time, and the palaeoenvironmental conditions at GRS during the late
Pleistocene (LP, ca. 43-28 ka), terminal Pleistocene (TP, ca. 13.5-11.6 ka), and

mid-Holocene (MH, ca. 7.3-6.8 ka) occupations.

5.1 ZOOMS

Readable collagen signatures were produced for 85% (n = 85) of the sample with most
samples identified to tribe. The success of ZooMS increased through time (Fig. 5.1).
However, no significant difference was found between the LP, TP, and MH, suggesting that
bone preservation was relatively good throughout the sequence. Additionally, Opperman
(1987, 1988) describes the preservation of Middle Stone Age (MSA) and Later Stone Age
(LSA) bone fragments as good; based on visual impressions and morphological
identifications. Collagen preservation is indicated in the TP and MH bones by collagen
quality indicators (Appendix 2).
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Figure 5.1: Clustered column showing an increase in successful ZooMS
identifications (to at least tribe) and decrease in unsuccessful ZooMS identifications
through time. The n-values are included.

Faunal identifications using ZooMS were not expected in the LP assemblage as collagen

preservation was anticipated to be poor due to post-depositional water movement recorded in
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this profile (Collins et al. 2017; Ames et al. 2020), and the age of the samples (Lee-Thorp
1989). Collagen rarely survives in usable quantities after 10 000 years, especially in warm or
tropical environments (Lee-Thorp 1989; Ambrose 1990; Holmes et al. 2005; Lee-Thorp &
Sponheimer 2006). Several factors may have contributed to the better-than-expected collagen
preservation at GRS, including neutral pH values (7.9-8.8) of the surrounding matrix
(Gordon & Buikstra 1981; Ames et al. 2020) and cooler conditions and protection from
environmental factors such as solar irradiation provided by the rockshelter (Ambrose 1990;
Nielsen-Marsh et al. 2000; Turner-Walker 2008).

Taphonomic conditions may also be linked to better bone preservation. Burnt bones or bones
with poor surface preservation were avoided when selecting the sample. Despite these efforts,
some of the samples experienced some degree of heating and have varying levels of surface
preservation. These variables did not, however, significantly impact the success of ZooMS or
stable isotope analysis (Appendix 3). Similarly, no correlation was found between surface
preservation or heating and the success of ZooMS by Bradfield et al. (2019). DeNiro et al.
(1985) found little to no change in the C: N ratios of boiled or roasted bones, although a large
change was recorded in burnt or cremated bones. Janzen et al. (2021), however, suggests that
boiling resulted in the low success rate of ZooMS in Zambia. Alternatively, other factors, like
sandy soil matrices (Pate 1997), high or fluctuating temperatures, or dynamic hydrological
conditions (Klinken 1991; Trueman et al. 2004) may have affected collagen preservation in
this region. Additional consideration and screening techniques for collagen preservation
should be considered before undertaking ZooMS analysis (see Bouchard et al. 2020; Le
Meillour et al. 2020; Chowdhury et al. 2021).

The success of ZooMS at various sites and times periods including those from southern
Africa are documented in Table 5.1. Overall, the success of ZooMS at GRS is better than or
on par with global and southern African studies and may suggest that ZooMS can be used to
identify faunal remains from warmer climates or older assemblages (Asara et al. 2007;
Buckley et al. 2008b, 2011; Buckley & Kansa 2011; Cappellini et al. 2012; Harvey et al.
2016; Desmond et al. 2018; Prendergast et al. 2019; Janzen et al. 2021). Its use may
transform zooarchaeological studies and renew interest in and add value to previously
inaccessible avenues of research. Additional information about the palaeoenvironmental
conditions, subsistence strategies, animal symbolism, and the spread of herding economies

and foodways may be gained by using this novel method.
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Table 5.1: Success of ZooMS on faunal remains from several sites with varying ages. Results are
ordered from most successful to least successful. Success is determined by the level of taxonomic
resolution, with successful samples identified to at least tribe.

Global
. Approximate age Success
Location n (BP) (%) Reference
Taforalt, Morocco 13 13500-15000 100 Desmond et al. 2018
Domuztepe, Turkey 111 7400-7750 100 Bucklez)gfcl Kansa
Luxmanda, Tanzania 79 3000 68.4 Prendezrgiagt etal.
Quebec, Canada 15 350-600 66.7 McGrath et al. 2019
Les Cottés, France 145 23000-37000 57.9 Welker et al. 2015
Odense, Denmark 20 < 2000 45.0 Brandt et al. 2018
Barrow Island, Australia 134 60-70 36.6 Peters et al. 2021
Zambia 192 500-4000 25.5 Janzen et al. 2021
Southern Africa
. Approximate age Success
Location n (BP) (%) Reference
Leopard Cave, Namibia 28 8002500 100 e Meflour etal.
Kwa-Zulu Natal, South Africa 26 < 2000 100 Coutu et al. 2016
Western Coast, South Africa 9 1300-2000 88.9 Coutu et al. 2021
Grassridge Fx‘;f:e”er’ South | 49 6000-40000 85 This study
Panga ya Saidi, Kenya 105 320-1180 63 Culley et al. 2021a
Kwa-Zulu Natal, South Africa 83 150-8500 50.6 Bradfield et al. 2021
North interior region, South Africa | 77 <2000 15.6 Bradfield et al. 2019

5.1.1 UNEXPECTED TAXA

Two unexpected taxa, namely ostrich and blue duiker were identified at GRS using ZooMS.

Ostriches inhabit open, short-grassland and semi-desert biomes in southern Africa (Cooper et

al. 2009, 2010) and are currently found in the Grassridge region (Fig. 5.2; see Stewart et al.

2020: 6459).

Figure 5.2: The current distribution of ostrich in
southern Africa (In Sinclair et al. 2020: 158).
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However, ostrich bone is rarely found in the archaeological record. It is only found at a few
southern African sites, including Ysterfontein 1 (Avery et al. 2008), Varsche Rivier 003
(Steele et al. 2016), and Duinefontein 2 (Cruz-Uribe et al. 2003), at some North African sites
(Merzoug 2011), and has not been identified in Asian assemblages (Janz et al. 2009). The
mass spectra produced for this sample was poor (Appendix 5), however, the identification of
this sample was enabled by the preservation of a unique collagen marker (M. Buckley,

personal communication, 2021). Figure 5.3 is a photograph of the bone fragment.

IFRAO 10 cm

Figure 5.3: Photograph of specimen 066 which has been identified as ostrich using ZooMS.

The lack of ostrich bone is surprising as ostrich provide large quantities of nutrient-rich meat
and other tissues (Horbanczuk et al. 2003, 2004; Belichovska et al. 2015). Ostriches are
regularly recorded in Khoe-San rock art (Hollmann 2001, 2003), and hunters are depicted
using ostrich skin and feathers to disguise themselves as they approach ungulates at
waterholes (Fig. 5.4). Their significance and use are further emphasised in folktales and
historical ethnographies (Low 2009, 2011). Several explanations are given for the apparent
absence of ostrich bone in the archaeological record including issues of differential bone
preservation, taphonomic bias, morphological identification bias, and even taboo on ostrich
meat (Merzoug 2011, Kuper 2015).
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Figure 5.4: A painting with five ostriches showing curiosity behaviour
when approached by a bushman disguised as an ostrich. Found in the
Hershel District (In Thackeray 1983: 39).

Blue duikers are not currently found in the Grassridge region (Fig. 5.5). The unusual presence
of blue duiker is similarly reported at Abbots Cave and Lame Sleep Shelter located in the
semi-desert Karoo, South Africa (Plug 1993) and at Ha Makotoko, Muela, and Mhlwazini in
the highlands (Plug 1997). Their presence at GRS and the above-mentioned sites is
ecologically unlikely (Plug 1993, 1997; Horsburgh et al. 2016). They are typically found
along the eastern and south-eastern coastal regions (Fig 5.5) in forests, thickets, or dense
coastal bush (Klein 1984; Plug 1997; Skinner & Chimimba 2005; Avery 2019).

24 | 24°
. ' lo 500 1000 km/
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367 —1 \ | \ | | | | | | |7 _;é:,
S 24"W 12° o 1 24 36 48" 6lFE

Figure 5.5: Current distribution of blue duiker in Africa (In Skinner &
Chimimba 2005: 670).
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Blue duiker may have had a larger distribution in the past; however, we would expect the
associated fauna to be vastly different if blue duiker naturally occurred at GRS and the other
sites (see Clark 2017). Alternatively, blue duiker remains may have reached GRS through
social or mobile networks between the coastal, thicket, and montane grassland regions. Broad
social networks across a range of biomes during the TP and MH are implied by the presence
of marine shells and beads at GRS (Collins et al. 2017; Ames et al. 2020), and isotopic data
(Stewart et al. 2020). These sites are, however, located more than 100 km away from GRS
(Deacon 1976; Robertshaw 1984; Hayward et al. 2005; Skinner & Chimimba 2005; Avery
2019). Some ritual or social importance was possibly associated with blue duikers, but no
written records or ethnographic evidence exists to support this (Plug 1993, 1997; Horsburgh
et al. 2016). In rare instances, symbolic value has been associated with the collection of some
faunal remains, such as the lion teeth cited by Fagan (1967) and Orton et al. (2011), while
other faunal remains may have had mechanical value and were transported as they provided

certain functions, like the modified Raphicerus metapodial reported by Smith (2006).

It is possible that this specimen was misidentified, and that blue duiker shares a similar
collagen signature with another closely related bovid (Fig. 5.6). Table 5.2 shows a list of the
identified peptide markers for some of the small antelope previously identified at GRS
(Opperman 1984, 1987, 1988) and compares these with blue duiker. The collagen signatures
of these species differ from blue duiker increasing confidence in the identification; however,

the reference database is incomplete (Janzen et al. 2021) and does not include extinct bovids.

Bovidae

Antilopinae Bovinae

I " Antilopini Neotragini  Aepycerotini Bovini Tragelaphini

~ - -

gazelle Klipspringer ! impala buffalo " bushbuck
Reduncinae springbuck  9reysbok cattle :’udl;
ini Oreotragini steenbuck an
Caprini Cephalophini gi h\ | il

I Hippotragini Alcelaphini 'N I bushbuck oribi

I | rhebuck diicalk
sheep duiker waterbuck suni

goat oryx artebeest
roan wildebeest
sable bontebok

Figure 5.6: Phylogenetic tree showing southern African representatives from various tribes and
sub-families of the Bovidae family (In Bradfield et al. 2021: 14).
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Table 5.2: List of identified peptide markers found in Bradfield et al. (2021) and Janzen et al. (2021).

Collagen peptide markers of blue duiker and other small antelope that have previously been identified
at GRS (Opperman 1984, 1987, 1988). Differences are highlighted in green. No peptide markers have
been reported for grysbok.

A B X1 C X2 D X3 F G X4
Blue duiker 1208 | 1427 | 1514 | 1580 - 2131 - 2883 | 3059 -
Common duiker 1208 | 1427 | 1532 | 1580 - 2131 - 2853 | 3059 -
Klipspringer 1208 | 1427 - 1580 - 2131 - 2883 | 3033 -
Steenbok 1196 | 1427 - 1550 - 2131 | 2581 | 2883 | 3033 | 3027
Oribi 1196 | 1427 - 1550 - 2131 2883 | 3033 -
Grysbok - - - - - - - - - -

5.2 VARIABILITY IN FAUNAL ABUNDANCE AND STABLE ISOTOPE
RATIOS

Shifts in faunal species composition and stable carbon and nitrogen isotope ratios are
documented at GRS. These shifts are intrinsically linked with vegetation change and likely

result from changing palaeoenvironmental conditions (Boone 2019; Ames et al. 2020).

5.2.1 FAUNAL CHANGE

Ethnographic data suggest that recent southern African hunter-gatherers typically foraged
within 8-12 km of their residence (Lee 1972; Bartram et al. 1991), thus we assume that the
ungulate assemblage represents the taxa inhabiting the Grassridge region except for the blue
duiker (Table 5.3).

Table 5.3: Ungulate faunal assemblage in the LP, TP, and MH from this study and Opperman's
(1984, 1987, 1988).

This Study Opperman
ZooMS ldentification Morphological Identification
Taxa LP TP MH Taxa LP TP MH
Browser 1 6 43 Browser - 8 82
Cephalophini  Blue duiker - - 1 Cephalophini  Common duiker - - 1
Tragelaphini Common eland - 2 4 Tragelaphini Common eland - - 3
Reduncini Grey rhebok - 2 33 | Reduncini Grey rhebok - 5 37
A Unknown ..
Antilopinae Antilopinae 2 1 1 2 | Neotragini Gryshok/steenbok - - 4
Antilopini Springbok - 1 3 | Oreotragini Klipspringer - 3 26
Antilopini Springbok - - 11
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This Study Opperman

ZooMS ldentification Morphological Identification
Taxa LP TP MH Taxa LP TP MH
Grazer 6 10 17 Grazer 7 7 34
Alcelaphini 5 7 4 | Alcelaphini All 6 6 4
Blesbok - 2

Hartebeest/Wildebeest 6 4 4

Reduncini - 1 4 | Reduncini All 1 1 24
Mountain reedbuck - 1 24
Southern reedbuck 1
Phacochoerini  Warthog - - 2 | Phacochoerini  Warthog - - 3
Equus Zebra 1 1 - Equus Zebra - 2
Hippotragini - - 1 | Antilopini Oribi - - 3
Antilopinae XEET:;;’Q% 1 - 1 6

The ungulates from this study and Opperman’s (1984, 1987, 1988) were combined to
increase sample size and reduce the number of expected values smaller than five (Appendix
4). Major faunal turnover is documented at GRS with grazing ungulates declining after
Marine Isotope Stage (MIS) 3. This trend is well documented in southern Africa and has been
associated with changing vegetation and environmental conditions (Klein 1972, 1974, 1980,
1984; Vrba 1985, 1995; Brink 1987, 1999; Brink & Lee-Thorp 1992; Faith 2011a, 2012,
2013a, b, 2014; Faith & Behrensmeyer 2013).

Conversely, Beard’s (2018: 20) morphological study found no significant difference between
the number of browsers, grazers, and intermediate feeders during the TP and MH. The
number of browsers, grazers, and intermediate feeders in this study, Opperman’s (1984,
1987, 1988), and Beard’s (2018) were plotted and compared (Fig. 5.7). The intermediate
feeders were excluded from Beard’s assemblage and no significant difference ( (1) = 0.60,
p = 0.44) was found between TP and MH browsers and grazers (Appendix 7). Furthermore,
Beard’s data shows a decline in browsers and an increase in grazers through time (Fig. 5.7).
This trend is likely obscured by uneven and small sample sizes (Beard 2018). It may also be
affected by morphological identification biases (Buckley & Kansa 2011; Horsburgh et al.
2016).
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Figure 5.7: Proportion (%) of bovid browsers (incl. springbok), grazers, and intermediate
feeders for each occupational period at GRS with n-values included. (a) This study, (b)
Opperman (1984, 1987, 1988), and (c) Beard (2018). A decline in grazers and increase in
browsers from the LP to MH layers are documented in this study and Opperman’s. While
Beard’s (2018) shows a slight increase in grazers and decline in browsers from the TP to MH.
No significant difference (y2 (1) = 0.60, p = 0.44) was found between Beard’s TP and MH
browsers and grazers.
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Shifts in bovid size class (Fig. 5.8) were documented by Opperman (1984, 1987, 1988) and
Beard (2018), indicating a shift in subsistence activity with GRS inhabitants focusing on
large bovids during the TP and browsers and small territorial bovids inhabiting the
surrounding hilly region during the MH. A similar trend is documented here with browsers
(mostly grey rhebok) increasing during the MH. Similarly, Geoghegan (2019) documented a
shift in subsistence behaviour at GRS from the TP to MH. She suggests that this shift was
most likely related to changing environmental conditions as opposed to overexploitation or
resource stress (Geoghegan 2019: 42).
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Figure 5.8: (a) Beard (2018) bovid size classes in the TP and MH, bovid size class
3 and 4 were combined by Beard to increase the sample size of the category. (b)
Opperman (1984, 1987, 1988) bovid size classes in the LP, TP, and MH, bovid size
class 3 and 4 were combined to allow for comparison with Beard (2018).
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A similar trend of hunting smaller game is recorded roughly 100 km away at Colwinton,
located above the escarpment (Opperman 1982, 1987), while a contrasting trend of hunting
larger game (i.e., Equids and Alcelaphini) is recorded at Te Vrede and Bonawe, located
below the escarpment (Opperman 1984, 1987). Shifts from large bovids in the Pleistocene to
browsers and small territorial bovids in the Holocene is recorded at several southern African
sites located across a range of biomes (Klein 1972, 1978, 1983; Plug & Engela 1992;
Bousman 2005; Barham & Mitchell 2008; Faith 2013a, b; Sealy et al. 2016, 2020; Stewart &
Mitchell 2018) and likely relates to faunal turnover resulting from palaeoenvironmental
change associated with the transition from the glacial to interglacial period (Faith 2014).
These shifts are less noticeable at coastal sites (e.g., Nelson Bay Cave) where shellfish were
widely available (Klein 1972, 1974).

5.2.2 STABLE ISOTOPE CHANGE
Stable isotope analysis was not performed on the LP faunal remains as preservation was
expected to be poor. Shifts in the 5!3C and §'°N bovid values from the TP to MH are explored

here.

Carbon

Herbivore niche separation is indicated by non-normal bimodal distributions of the §*C
values in the TP and MH (Fig. 4.3, 4.5, 4.6). This trend appears to be subtle in the MH, a
period dominated by browsers (n = 44), specifically grey rhebok (n = 33), and more
generalised grazers (n = 16). Grey rhebok (n = 33) were removed from the MH browser
assemblage to see if their abundance affected the §**C distribution. The §*3C values from the
remaining MH browsers (n = 11) and MH grazers (n = 16) were plotted (Fig. 4.3). Following
the removal of MH grey rhebok, two peaks are formed with browsers and grazers clustering
on either end of the Cz and Cs4 spectrum (Fig 4.3, 4.6), suggesting that the abundance of grey
rhebok drove the §*3C MH trend. Notably, the TP peaks are more distinctive than the MH
peaks and are likely related to more variable §*3C values in MH grazers. Similar non-normal
bimodal distributions are observed in modern African ungulates inhabiting the Summer
Rainfall Zone (SRZ) (Lee-Thorp & van der Merwe 1987; Hofmann 1989; Cerling & Harris
1999; Cerling et al. 2003; Sponheimer et al. 2003a; Codron et al. 2008).

The mean 3*3C values of C3 and Cs plants differ by approximately 14%o (Fig 5.9). This
difference is subsequently passed onto Cz and C4 consumers through diet with some further
fractionation (Fig. 5.9) (Bender 1968; Smith & Epstein 1971; Ehleringer & Cerling 2002;
Sponheimer et al. 2009). At GRS, the mean §3C values of browsers (Cs) and grazers (Ca)
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differ by 11.7%o in the TP and 10.3%o in the MH. These differences deviate from 14%o (Fig.
5.9) by 2.3%0 (TP) and 3.7%. (MH) and may result from changes in diet, vegetation, or

palaeoenvironmental conditions (Vogel 1983; Sponheimer et al. 2009).
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Figure 5.9: Histograms of the carbon isotope ratios of modern

plants and modern tooth enamel (In Ehleringer & Cerling

2002: 188).
Modern Cs browsers and grazers inhabiting Cs-dominated grasslands have mean 8*3Ccoliagen
values of -21.4 + 1.1%o and -8.0 £ 1.1%o, respectively, with intermediate feeders falling
within this range (Vogel 1978; Lee-Thorp 1989). These values were adjusted to -19.9 + 1.1%o
and -6.5 * 1.1%, to account for the “Suess effect” as the §*3C value of atmospheric CO
today is approximately 1.5%o more negative than the pre-industrial value. This resulted from
the emission of **C-depleted CO, from fossil fuels to the atmosphere (Marino & McElroy
1991; Keeling et al. 2017). Table 5.4 shows the mean &*3C values of TP and MH browsers
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and grazers from GRS. A shift to more negative 5'3C is recorded from the TP to MH in both
browsing and grazing taxa and may indicate changes in diet, vegetation, water availability,
and/or temperature, creating minor isotope variation and collectively producing the overall
trend (Tieszen 1991, van der Merwe & Medina 1991; Peisker & Henderson 1992; Ehleringer
et al. 1997; Heaton 1999; Ghannoum et al. 2002; Swap et al. 2004; Weiguo et al. 2005;
Murphy & Bowman 2009; Diefendorf et al. 2010; Kohn 2010; Cernusak et al. 2013;
Sponheimer & Cerling 2014; Lightfoot et al. 2020). It would be difficult to quantify the
influence of each of these factors (Hedges et al. 2004).

Table 5.4: Mean §*C values for TP and MH browsers and grazers showing a trend to more negative
values from the TP to MH. Significance between TP and MH is shown.

TP MH Trend TP—MH | Significance

S13C browser | -18.4+0.9%0 (N=7) | -19.4 + 0.8%o (n = 44) More negative p=0.01

dC grazer | -6.8+1.1%0 (n=10) | -9.1+3.1%0 (n=16) More negative p=0.13

More variation is documented in MH grazers (Fig. 4.6, 5.10; Table 5.4), suggesting that the
diet of MH grazers was more variable or contained more Cs grasses than TP grazers. The
813C values of TP grazers are similar to modern grazers inhabiting Cs-dominated grasslands.

Unsurprisingly, Grassridge browsers consumed a majority Cz diet during the TP and MH.

Variation in the 5'3C values of TP and MH browsers from Grassridge is small (Fig. 5.10).
Larger variations are observed in arid regions which contain CAM plants and in assemblages
that contain fauna from various bioregions, such as those from East Africa (Ambrose &
DeNiro 1986a). Variation in the *3C values of modern grazers are more similar to GRS MH
grazers with smaller variations in TP and early Holocene grazers (Fig 5.10). This likely
correlates with the transition from highly specialised to more generalised grazers resulting
from major faunal turnover that occurred throughout southern Africa during the
Pleistocene-Holocene transition (13-8.2 ka) (Codron et al. 2008; Faith 2012, 2014; Faith &
Behrensmeyer 2013; Ecker et al. 2018; Faith et al. 2019).
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Figure 5.10: The mean §"3C values with one standard deviation for (1) browsers and (2)
grazers across a range of biomes and time periods. Any 9*3C enamel values have been adjusted
-9%o so that they can be compared with 5°C collagen values. Modern values have been
adjusted by 1.5%o to account for the ‘fossil fuel’ effect and are represented by a circle. Mid-
Holocene samples are represented by a square, early Holocene by a diamond, and TP by a
triangle. These values come from (a) Luyt 2017, (b) This study, (c) Ambrose & DeNiro 1986a,
and (d) Ecker et al. 2018 (Wonderwerk Cave, WWC).

89



Nitrogen

Higher 5'°N values are expected in water-independent (WI) taxa (mostly browsers) compared
to water-dependent (WD) taxa (mostly grazers) (Schoeninger & DeNiro 1984; Ambrose &
DeNiro 1986a, 1987; Sealy et al. 1987; Kelly 2000). At GRS, no significant difference was
found between the 5'°N values of browsers and grazers in the TP or MH (Appendix 3).
Similarly, Luyt (2017) found no significant difference between the median §*°N values of
browsers and grazers from the Succulent Karoo, Nama-Karoo, Savanna, or Albany Thicket
biome, however, grazers from the Fynbos and Forest biome were enriched in N compared
to browsers (Fig. 5.11; Table 5.5).
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Figure 5.11: Comparison of 9*°N values of modern (a) browsers and
(b) grazers from different biomes (Luyt 2017: 258-265) and TP and
MH GRS browsers and grazers (Adapted from Luyt 2017: 119).
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Table 5.5: Comparison of modern browser and grazer ¢*°N medians across biomes (Luyt 2017: 258—
265) and 5°N medians from GRS TP and MH taxa with significance (Adapted from Luyt 2017: 171).

Biome/Site Browser 8°N median Grazer 8°N median Significance
Albany thicket 114 (n=18) 11.2 (n=47) p =0.021
Forest 3.8(n=14) 8.8(n=4) p = 0.026
Fynbos 10.1 (n=14) 10.3 (n=14) p = 1.000
Nama Karoo 10.3(n=5) 9.0(n=1) p =0.226
Savanna 10.3(n=17) 10.4 (n = 24) p = 1.000
Succulent Karoo 10.9 (n=32) 10.5 (n=27) p = 1.000
GRS MH 4.9 (n=44) 4.7 (n=16) p =0.592
GRS TP 85(n=7) 10.5 (n =10) p = 0.660

Grassridge taxa were separated into two categories (Table 4.1), namely WD taxa which

include Alcelaphini, equid, and grazing Reduncini and WI taxa which include grey rhebok,

common eland, blue duiker, and springbok (Skinner & Chimimba 2005; Hempson et al.
2015). No significant difference was found between WD and WI taxa in the TP but

significantly lower 8*°N values are recorded in WI taxa from the MH (Fig. 4.9, 5.12). Luyt

(2017) found no significant difference between WD and WI taxa in most biomes, except in

the Nama-Karoo biome where W1 taxa were more positive and in the Forest biome where

WD taxa had more positive values (Fig. 5.12).
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Figure 5.12: 8N (%) values for modern (a) WD and (b) WI taxa from various
biomes (Luyt 2017: 258-265) and TP and MH GRS taxa (Adapted from Luyt 2017:

136-137).

Grassridge TP taxa have a mean 8'°N value of 9.4 + 2.9%o while MH taxa have a mean of 5.1 £
1.5%o (Table 5.6). A significant difference was found between the §*°N values of TP and MH

taxa (Fig. 4.4; Table 5.6). Elevated 5'°N values are recorded in plants and animals from arid
environments (Ambrose & DeNiro 1986a; Heaton et al. 1986a; Sealy et al. 1987,
Schoeninger 1989; Cormie & Schwarcz 1996; Grocke et al. 1997; Schulze et al. 1998;
Schwarcz et al. 1999; Kelly 2000; Hedges et al. 2004; Swap et al. 2004; Murphy & Bowman
2006; Dewar 2007; Pate & Anson 2008; Makarewicz & Sealy 2015; Luyt 2017; Hopper et al.

2018). Therefore, a shift to more negative *°N values in the MH may indicate more mesic

conditions during this occupation.

Table 5.6: Mean 6"N values for TP and MH browsers and grazers showing a trend to more negative

values from the TP to MH. Significance between TP and MH is shown for each.

TP

MH

Trend TP—MH

Significance

SN browser

9.1 +2.7%0 (n=7)

5.2+ 1.2%o0 (n = 44)

More negative

p < 0.001

81°N grazer

9.6 + 3.2%0 (n = 10)

5.1+ 2.1%0 (n = 16)

More negative

p =0.004

SN taxa

9.4 £ 2.9%, (n = 60)

5.1+ 1.5%0 (n=17)

More negative

p <0.001
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Interestingly, more positive browser §'3C and higher §*°N in browsers and grazers in the TP
are likely due to lower moisture availability (Table 5.4, 5.6). A shift to more negative §*3C
and 8*°N in browsers and grazers from the TP to MH could indicate more mesic conditions in
the MH (Peisker & Henderson 1992; Grocke et al. 1997; Schulze et al. 1998; Kelly 2000;
Ghannoum et al. 2002; Hedges et al. 2004; Swap et al. 2004; Weiguo et al. 2005; Murphy &
Bowman 2006; 2009; Pate & Anson 2008; Cernusak et al. 2013; Makarewicz & Sealy 2015;
Lightfoot et al. 2016, 2020; Luyt 2017; Hopper et al. 2018).

5.2.3 ZOOMS AND STABLE ISOTOPES

The combined use of ZooMS and stable carbon and nitrogen isotopes proved to be beneficial
and emphasised the importance of using multiple proxies. Together, these methods provided
information about diet, identified an issue with the identification of the suni antelope, and

allowed for higher resolution identifications.

To begin, the §*3C values of springbok and eland are consistent with those documented in
southern Africa (Sponheimer et al. 2003a) confirming the expected dietary habits of these
two species. Both springbok and eland were identified in Opperman’s (1984, 1987, 1988)
GRS faunal assemblage and were similarly found at nearby sites (Opperman 1982, 1987,
1992, 1996, Plug 1997). Springbok are the only extant Antilopini in South Africa (Skinner &
Chimimba 2005). Currently, no collagen markers are recorded for extinct Antilopini but these
taxa have not been identified at GRS or in the surrounding grassland region (Opperman 1982,
1987, 1992, 1996; Avery 2019). Eland belongs to the Tragelaphini tribe which contains kudu,
nyala (T. angasii), and bushbuck (T. sylvaticus) in southern Africa (Skinner & Chimimba
2005). To date, the collagen markers of kudu, nyala, and bushbuck are not found in the
reference database. However, these taxa have not been identified at GRS or the surrounding
grassland region (Opperman 1982, 1987, 1992, 1996; Avery 2019), increasing our confidence
in this identification. However, the reference database is incomplete which could result in

misidentifications.

Two unknown ungulates were identified to family using ZooMS. In both cases, collagen was
well preserved and good spectra were produced (Table 5.7). Stable carbon isotope ratios
suggest that one of these ungulates was a browser and the other was a grazer. Unfortunately,
narrower taxonomic identifications were not possible as no comparative peptide markers

were found in the reference database.
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Table 5.7: Collagen peptide markers for Unknown Antilopinae 1 and 2. Colours in sample indicate
what occupation samples came from: yellow is LP, orange is TP, and green is MH.

Unknown Antilopinae 1

Sample A B C D X3 F G X4

2 1166,58 | 1427,68 | 1550,71 | 2103,10 | 2567,19 | 2883,35 | 3033,42

28 1166,57 | 1427,70 | 1550,73 | 2103,10 | 2568,19 | 2883,40 | 3033,47

39 1166,62 | 1427,73 | 1550,75 | 2103,10 | 2567,22 | 2883,42 | 3033,50

44 1166,61 142771 1550,75 | 2103,10 2883,36 | 3033,45

76 1166,63 1427,35 1550,77 | 2103,10 | 2567,25 | 2883,46 | 3033,53

77 1166,63 1427,73 1550,76 | 2103,10 | 2568,22 | 2883,43 | 3033,50

19 1166,61 | 1427,70 | 1550,73 | 2103,10 3033,42
Unknown Antilopinae 2
Sample A B C D X3 F G X4

78 1208,67 1427,73 1550,76 | 2131,12 | 2581,23 | 2883,44 | 3033,51 | 3227,54

84 1208,68 1427,74 | 1550,76 | 2131,13 | 258124 | 2883,44 | 3033,52 | 3227,59

50 1208,65 1427,72 1550,74 | 2131,11 | 2581,20 | 2883,42 | 3033,53 | 3227,53

96 1208,67 1427,73 1551,38 2131,13 2884,43

The combination of these methods called into question the identification of the suni antelope
which had a C4 signature (-9.8%o). Suni are small, highly selective browsers found in
closed-canopy woodland, sand forests, bushland, and thickets (Lawson 1989; Skinner &
Chimimba 2005). They have not been found in the Grassridge region (Fig. 5.13) (Skinner &
Chimimba 2005; Avery 2019) but may have had a larger distribution in the past.

24w 12 [ 12° 29 36" 48 60'E
- T 7 ’ 7 T , T T T T T T

\ Neotragus moschatus |

24W 12° o 12° 24 36" 48 60'E

Figure 5.13: Current distribution of suni (In Skinner
& Chimimba 2005: 712).
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This is likely a misidentification resulting from the conservation of collagen markers in two
or more bovids. Bradfield et al. (2021) had difficulty distinguishing between the collagen
signatures of suni and barbary sheep (Ammotragus lervia). Barbary sheep are native to North
Africa and do not occur in southern Africa (Castellé 2016). However, an unnamed extinct
caprine antelope is documented in the mountainous regions of South Africa during the LP to
MH (Brink 1999; Faith 2012, 2013a, 2014). The teeth of this extinct caprid are markedly
hypsodont suggesting that it was a grazer, and its post-crania are similar to other caprines
inhabiting rugged habitats (Brink 1999; Faith 2014). The §*3C values of extinct caprines from
Boomplaas Cave suggest that it consumed Cgz grass, but some individuals consumed a
significant quantity of C4 grass (Sealy et al. 2016). The 5'3C value of this sample (-9.8%o)
suggests that this specimen consumed a significant quantity of Cs4 grass, but it is depleted in
13C compared to other GRS TP grazers (-6.8 + 1.1%o, n = 10), suggesting that some C3 grass
was consumed. The collagen signature of this unnamed caprine may be similar to that of
other caprine species, such as barbary sheep. To resolve this issue, bone samples from the
unnamed extinct caprine antelope should be submitted for ZooMS analysis. These samples
should then be compared with both suni antelope and barbary sheep to test this hypothesis.

Finally, the combination of ZooMS and stable carbon isotopes allowed higher resolution
taxonomic identifications in the Reduncini tribe (Fig. 4.4; Table 4.1) Since grey rhebok are
the only browsing Reduncini (Skinner & Chimimba 2005; Castell6 2016) we can assume that
these samples are grey rhebok. This resolution would not have been possible without the
combined use of stable carbon isotopes and ZooMS.

5.3 THE PALAEOENVIRONMENT

The palaeoenvironmental conditions at GRS during the LP, TP, and MH occupations are
inferred using faunal remains identified by ZooMS and stable carbon and nitrogen isotopes
(Table 4.1). The preferred and marginal habitats for each taxon found in this study and
Opperman’s are reported in Table 5.8. The results of this study are compared with
Opperman’s (1984, 1987, 1988) faunal and Ames et al. (2020) microbotanical data (Fig.
5.14).

The palaeoenvironmental information gathered from fauna are consistent with the
microbotanical data, but some differences are observed between the isotope and
microbotanical data. However, this is to be expected as individual proxies may have different
responses to changing climates and stable carbon isotope ratios are affected by the selection

and consumption of preferred diet (Jones & Mann 2004; Scott & Lee-Thorp 2004; Lewis
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2011; Lister 2013; Meadows 2014; Stone 2014; Sealy et al. 2016; Stewart & Mitchell 2018;
Lukich et al. 2020).

Table 5.8: Habitat selection matrix for each taxon based on their selection for preferred (green) and
marginal (yellow) habitats using current literature (Gagnon & Chew 2000; Skinner & Chimimba
2005; Faith & Beherensmeyer 2013; Sinclair et al. 2020; Venter et al. 2020). Three habit categories
exist, including open (O; grassland), intermediate (I; bushland, ecotone, shrubland, woodland), and
closed (C; continuous tree cover) and species were assigned following Plummer & Bishop (1994).
Diet is separated into three guilds, namely browser (B), intermediate feeder (M), and grazer (G).

Grassland o
4= © % 4 -8 8 o
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Blue duiker B C Wi
Common duiker B | WI
Grey rhebok B I Wi
Reduncini grazer | G
Mountain
G
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G
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Springbok B/M
Alcelaphini G
Hartebeest/ s
Wildebeest
Blesbok G
Hippotragini G
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Figure 5.14: The taphonomic indicators, phytolith ratios, and proportion of recovered sponge spicules
and diatoms in a stratigraphic presentation. Each Lithostratigraphic Zone is matched with the LP, TP, or
MH occupation (Adapted from Ames et al. 2020: 11).

5.3.1 LATE PLEISTOCENE OCCUPATION (43-28 KA)

The LP occupation occurs in the latter part of MIS 3 (ca. 43-28 ka). The LP faunal
assemblage is dominated by open grassland WD grazers (Fig. 5.7; Table 5.3). This faunal
trend is similarly observed at other southern African sites (Clark & Kandel 2013; Wurz
2019). Together with the microbotanical data (Fig. 5.14) (Ames et al. 2020), this suggests
that the Grassridge region was dominated by open Cz grassland with some woody vegetation
and C4 grass. The predominance of open grassland grazing taxa, low tribal diversity,
abundance of Cs grass, and a slight abundance of drought-resistant C4 grass suggests that
palaeoenvironmental conditions were cool and dry, with some year-round rainfall. The
presence of WD taxa, diatoms, and sponge spicules suggests that water was available nearby,

at least seasonally.

No occupation is recorded at GRS between 28 and 13.5 ka, roughly coinciding with MIS 2

(29-14 ka) (Ames et al. 2020). Regional records suggest that palaeoenvironmental conditions
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were cold and dry during MIS 2, culminating during the Last Glacial Maximum (LGM)
(Carter 1976; Butzer et al. 1978; Vogel et al. 1978; Scott 1982a; Butzer 1984a; Opperman &
Heydenrych 1990; Low & Rebelo 1996; Opperman 1996; Holmgren et al. 2003; Thackeray
& Scott 2006; Chase & Meadows 2007; Barham & Mitchell 2008; Lewis 2008, 2011; Scott et
al. 2012; Sealy et al. 2016; Mills et al. 2017; Stewart & Mitchell 2018; Loftus et al. 2019;
Ames et al. 2020). This may explain the occupational gap at GRS as cold and dry conditions
may have led to population contraction in the interior and the occupation of high-altitude sites
with more reliable freshwater sources in the Maloti-Drakensberg (Scott et al. 2012; Pargeter
et al. 2017; Stewart & Mitchell 2018; Ames et al. 2020). Alternatively, the depositional gap
between Lithostratigraphic Zone (LZ) Il (LP) and Ib (TP) may be explained by surface runoff
and erosion of the accumulating sediments promoted by the hardened carbonate crust surface
between these LZs (Ames et al. 2020).

5.3.2 TERMINAL PLEISTOCENE OCCUPATION (13.5-11.6 KA)

Grazers dominate the TP faunal assemblage at GRS but are less abundant than the LP (Fig.
5.7). Conversely, browsers increase in the TP, suggesting that the region was dominated by
grassland with an increase in woody vegetation, and corresponds with the microbotanical
data (Fig. 5.14) reported by Ames et al. (2020). Major faunal turnover is documented
throughout southern Africa during the Pleistocene-Holocene transition (13-8.2 ka) and is
characterised by the extinction of several open grassland ungulates and an increase in
browsers and more generalised feeders (Codron et al. 2008; Faith 2012, 2014; Faith &
Behrensmeyer 2013; Ecker et al. 2018; Faith et al. 2019). This change has been attributed to
declines in the distribution, structure, or productivity of grassland habitats, likely resulting
from increased seasonality, altered rainfall regimes, elevated pCO2 concentrations, or a
combination of these factors (Klein 1980; 1983; Brink 1987, 1999, 2005; Brink & Lee-Thorp
1992; Faith 2011a, 2012, 2013a, b, 2014).

A TP occupation was identified at GRS by the Grassridge Archaeological and
Palaeoenvironmental Project (GAPP) following the relocation of Opperman’s original
excavation, reanalysis and re-dating of the stratigraphic sequence, and the initiation of new
excavations (Collins et al. 2017; Ames et al. 2020). This occupation coincides with the
Younger Dryas (YD) event; an event characterised by a significant cold reversal with
temperature depressions of 6 + 2 °C and severe aridity throughout southern Africa (Holmgren
et al. 2003; Talbot et al. 2007; Scott et al. 2012; Truc et al. 2013: 575; Stewart & Mitchell
2018). Notably, the presence of WD taxa, diatoms, and sponge spicules at GRS indicate the
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presence of water nearby, possibly encouraging TP inhabitants to occupy the Grassridge

region during this period.

The §*3C values of TP taxa are non-normally bimodally distributed (Fig. 4.3), with browsers
and grazers clustering on either end of the Cs and C4 spectrum, suggesting that preferred
dietary resources were available and supporting the presence of both open and intermediate
habitats (Robinson & Wadley 2018). The mean 8*3C value of TP browsers are slightly more
positive (1.4%o) than modern Cs consumers while the mean §*3C value of TP grazers (-6.5 +
0.6%o [n = 9]; after removal of an outlier) is similar to modern C4 consumers. The
consumption of CAM plants or C4 grass by browsers could result in more positive §°C
values. Although, this is unlikely as browsers rarely consume grass (Lee-Thorp 1989; Luyt
2017; Luyt et al. 2019; Sealy et al. 2020) and CAM plants are not widely distributed or
abundant in the Grassridge region (Mucina & Rutherford 2006; Ames et al. 2020). More
positive values may also result from fluctuating palaeoenvironmental conditions such as
lower moisture availability (O’Leary 1995; Schleser 1995; Stewart et al. 1995; Hedges et al.
2004; Swap et al. 2004; Murphy & Bowman 2009).

Unlike the microbotanical data, the 5!3C values of grazers do not indicate an abundance of Cs
grass. Differences between the microbotanical data and stable carbon isotope ratios are
expected as fauna may select and consume preferred dietary resources, emphasising the role
of dietary preference on isotopic results (Lister 2013; Sealy et al. 2016). Nevertheless, C4
grass became more prevalent in the TP (Ames et al. 2020). During the TP, temperatures were
approximately 6 + 2 °C lower than present (Holmgren et al. 2003; Talbot et al. 2007; Scott et
al. 2012; Truc et al. 2013; Stewart & Mitchell 2018). Current Mean Annual Temperature
(MAT) at Grassridge is approximately 13 °C with summer temperatures often exceeding 30
°C (Sampson 1970; Opperman 1987; Hoare & Bredenkamp 2001; Mucina & Rutherford
2006; Ames et al. 2020). Therefore, lower MAT of approximately 5 to 9 °C with summer
temperatures of 22 to 26 °C was likely experienced at Grassridge during the TP. In southern
Africa, C4 grass distribution is strongly influenced by growing season temperature and
rainfall seasonality. It is dominant (>50%) in areas where summer temperatures exceed 25 °C
(Vogel 1978; Lee-Thorp & Beaumont 1995; Ehleringer et al. 1997; Sealy et al. 2020).
Microbotanical data (Fig 5.14) from GRS shows a relatively even proportion of C3 to Cs4
grass which could indicate cooler growing conditions than present (Ames et al. 2020).

Grassridge currently receives 400 to 600 mm of Mean Annual Precipitation (MAP).

Herbivores inhabiting regions with less than 400 mm MAP often have §°N values that
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exceed 10%o, possibly reflecting elevated 5'°N plant values or ecophysiological adaptations
to arid conditions (Ambrose & DeNiro 1986a; Heaton et al. 1986a; Heaton 1987; Sealy et al.
1987; Hedges et al. 2004; Balter et al. 2006; Murphy & Bowman 2006; Hartman 2011; Luyt
2017). Therefore, changes in MAP may be captured in the §*°N values of Grassridge taxa.
Grassridge taxa have a mean 8°N value of 9.4 +2.9%o (n = 17). These were compared with
mean 8°N values from other studies (Fig. 5.15). Elevated 5°N values are recorded in taxa
inhabiting arid regions while lower 5'°N values are recorded in taxa inhabiting mesic regions.
Interestingly, the 5!°N values of Grassridge TP taxa are similar to those recorded in arid
regions.
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Figure 5.15: The mean 5N values with one standard deviation from fauna inhabiting mesic
and arid regions. (a) This study, (b) Luyt 2017, (c) Kelly 2000, (d) Ambrose & DeNiro 1986a,
and (e) Schoeninger 1989.

Notably, the predominance of Panicoideae (Fig. 5.14) indicates slightly moister conditions
accompanied by increased summer rainfall, relative to the LP (Ames et al. 2020). The
presence of WD taxa, increased tribal diversity, diatoms, and sponge spicules suggest that

water was available nearby, at least seasonally.

Together, the proxy data suggest that the Grassridge region was dominated by grassland with
an increase in woody vegetation. Both open and intermediate habitats occurred with woody

vegetation likely growing along stream margins and in valleys nearby. Increases in tribal
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diversity and the predominance of mesic C4 grasses (Ames et al. 2020) suggest that
conditions were somewhat moister, with a likely increase in summer rainfall relative to the
LP. However, more positive §*C browser and 5'°N herbivore values suggest that conditions
were drier than present (Table 5.4, 5.6). Despite dry conditions, WD taxa, diatoms, and

spongy spicules are present, suggesting that water was available nearby.

5.3.3 MID-HOLOCENE OCCUPATION (7.3-6.8 KA)

The MH faunal assemblage is dominated by browsers and a relatively even proportion of
open to intermediate habitat grazers (Table 5.3). Together, with the microbotanical data
(Ames et al. 2020) this suggests that woody vegetation was abundant with an overall
reduction in grassland. These changes may be associated with palaeoenvironmental change,
rising pCOz (Bond & Midgley 2000; Buitenwerf et al. 2012), decreases in fire frequency and
intensity (Trollope et al. 2002; Bond et al. 2003), or fewer frost events (Wakeling et al. 2012;
O’Connor et al. 2014).

The &'3C values of MH taxa are non-normally bimodally distributed (Fig. 4.3, 4.6).
Following the removal of grey rhebok, the §**C values of MH browsers and grazers cluster
around the Czand C4 spectrum (Fig. 4.3, 4.6). The MH peaks are less distinctive than TP
peaks, likely resulting from larger §3C variability in MH grazers and possibly implying
greater dietary flexibility within a mosaic habitat or the consumption of more Cz grass
(Robinson & Wadley 2018; Hodgkins et al. 2020). However, greater variability in the MH

compared with the TP may be partially due to larger MH sample sizes.

Grassridge browsers consumed a majority Cs diet during the MH. The mean §*3C values of
MH browsers (n = 44) are slightly more negative (1%o) than TP browsers (n = 7) and similar
to modern C3 consumers (Table 5.4). A significant difference was found between the §'3C
values of TP and MH browsers (MW z = 2.52, p = 0.01). This may be associated with
increases in moisture availability (Swap et al. 2004; Murphy & Bowman 2009; Lightfoot et
al. 2020), the feeding behaviours (e.g., selective browsing) of grey rhebok that dominate the
MH browser assemblage (Fig 4.8), or large sample size differences between the TP and MH
(Table 5.4). More negative §*C and §*°N values in MH browsers and the prevalence of mesic
C4 grasses (Fig. 5.14) may indicate an increase in moisture availability during the MH
(Ambrose & DeNiro 1986a; Heaton 1986; Kelly 2000; Swap et al. 2004; Murphy & Bowman
2009; Ames et al. 2020). However, the feeding behaviours of grey rhebok may influence the
S13C distribution of MH browsers (Fig 4.8). A significant difference (MW z = 2.08, p = 0.04)

was found between MH grey rhebok and the remaining MH browsers. No significant
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difference (MW z = 1.02, p = 0.31) was found between the remaining TP and MH browsers
and the mean §*3C value of TP grey rhebok fell within two standard deviations of the MH
grey rhebok. This suggests that there was no significant change in the 5'3C values of TP and
MH browsers but rather reflects the feeding behaviours of the dominant taxa in the MH.
Finally, this result may not be environmentally significant given the large sample size
differences between the periods and the fact that the absolute change is ca. 1%o which is

approximately the same as the standard deviation.

Grazers appear to be better adapted to palaeoenvironmental change, expanding or contracting
their dietary niche in response to changes in the availability of graze (Cs or C4) or browse (de
Graaff et al. 1973; Cerling et al. 2003; Sponheimer et al. 2003a; Lovegrove 2003; Codron et
al. 2007b; Owen-Smith 2008; Lehmann et al. 2013, 2015; Owen-Smith et al. 2013; Strauss
2015; Venter & Kalule-Sabiti 2016; Vermeulen 2018; Venter et al. 2020). Larger variances
in 81°C grazer values may be explained by dietary niche expansion as woody vegetation
became abundant with an overall reduction in grassland during the MH (Ames et al. 2020).
Increased CAM or Cs plant consumption may explain larger §*3C variability in MH grazers
(Thackeray & Lee-Thorp 1992; Thackeray et al. 1993; Robinson & Wadley 2018) and has
been observed in modern grazers inhabiting biomes dominated by browse shrubs (i.e.,
Nama-Karoo biome). Given that grazers prefer grass, it is possible that C3 grasses were
common or more abundant than C4 (Hodgkins et al. 2020). The microbotanical data (Fig.
5.14) suggests that Cs grasses declined through the MH sequence with Cs grasses being
slightly more abundant in the bottom five layers and Cs4 grasses being slightly more abundant
in the top six layers (Ames et al. 2020: 12). Alternatively, more negative 5!3C grazer values
may be associated with more mesic MH conditions (Peisker & Henderson 1992; Ghannoum
et al. 2002; Weiguo et al. 2005; Cernusak et al. 2013). The microbotanical and stable isotope
data suggest that both Czand C4 grasses were available during the MH; however, the §*C
values of grazers may be affected by the selection and consumption of preferred diet or

seasonal migration between regions with varying proportions of Czand Cas grasses.

Seasonal migrations between rainfall zones or high and low altitudes may have provided
access to *C-depleted resources (Stewart & Mitchell 2018; Hodgkins et al. 2020). The
Grassridge MH grazing bovids (tribal level) include Alcelaphini (n = 4), Reduncini (n = 4),
and Hippotragini (n = 1). Only Alcelaphini has the propensity to migrate, so the 5!3C values
of Reduncini and Hippotragini are expected to reflect the isotopic signature of the local

environment (Hodgkins et al. 2020). Alcelaphini have a mean §*3C value of -10.2 + 4.0%o (n
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= 4) while grazing Reduncini and Hippotragini have a mean §*3C value of -10.7 + 3.1%o (n =
5). No significant difference was found between MH migratory and non-migratory grazers,
suggesting that grazers consumed a more generalised diet during the MH. This is likely
related to vegetation change and may be the result of increased woody vegetation or Cs grass
relative to C4 (Faith 2014; Ames et al. 2020; Hodgkins et al. 2020). This may indicate cooler
growing conditions during the MH relative to present. However, sample sizes may be too

small to make a meaningful assessment.

Lower 3°N values are recorded from fauna inhabiting mesic regions (Ambrose & DeNiro
1986a; Heaton et al. 1986a; Sealy et al. 1987; Schoeninger 1989; Cormie & Schwarcz 1996;
Schwarcz et al. 1999; Kelly 2000; Pate & Anson 2008; Makarewicz & Sealy 2015). The §°N
values of MH taxa (n = 60) are significantly lower than those from the TP (n = 17) (Fig 5.15),
suggesting that conditions were mesic during the MH. Furthermore, increased tribal diversity,
more negative §3C browser and grazer values relative to the TP, and the predominance of C4
Panicoideae indicate an increase in moisture availability (Hedges et al. 2004; Ames et al.
2020).

Together, the proxy data suggest a mosaic environment dominated by woody vegetation with
an overall reduction in grassland relative to the TP. Increases in tribal diversity, lower §'3C
and 5'°N herbivore values, and the predominance of mesic C4 grasses (Ames et al. 2020)
suggest that conditions were moister with increased summer rainfall following the TP. The
occurrence of WD taxa, diatoms, and spongy spicules suggest that water was available in the

Grassridge region. Overall, conditions were mesic relative to earlier periods.

5.4 SUMMARY
A summary of the microbotanical (Ames et al. 2020), faunal (Opperman 1984, 1987, 1988;
this study), and stable carbon and nitrogen isotope data (this study), as well as the associated

palaeoenvironmental conditions are found in Table 5.9.
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Table 5.9: Summary of palaeoenvironmental data from microbotanical, faunal, and stable isotope proxies (Data found in Opperman (1984, 1987, 1988),
Ames et al. 2020, and this study).

Grassridge Rockshelter

Time Period

LP

TP

MH

Palaeoenvironmental Proxy

Microbotanical
(Ames et al. 2020)

Cs dominated grassland, C4 grass present,
drought-resistant slightly more abundant
Limited woody vegetation

Diatoms and spongy spicules present

Predominately grassland with more
woody vegetation than LP

Cs: Cagrass is relatively even but mesic
Cagrass more prevalent than drought-
resistant

Diatoms and spongy spicules present

Woody vegetation is abundant

Cs grass being replaced by C4 grass. Mesic Ca
grass more prevalent than drought-resistant
Diatoms and spongy spicules present

Fauna
This study
Opperman (1984, 1987,
1988)

Water-dependent open habitat grazers
dominate, mostly Alcelaphini and equid,
specialised grazer R. arundinum, and an
unknown browser present

Water-dependent open habitat grazers
still dominant, but browsers increase
Increase tribal diversity

Browsers dominate, mix open and
intermediate habitat grazers
Water-dependent taxa present

Highest tribal diversity

Change in subsistence as indicated by
increase in bovids preferring rocky outcrops

Carbon Isotopes

No data available

Browsers are more positive than
modern, possible low moisture
availability

Grazers similar to modern; more positive
than MH

Non-normal bimodal distribution, no
overlap and cluster at Cs and Cq4
spectrum

Expansion of C4grasses or specialised
feeding strategies. More defined open
and intermediate habitats

Browsers similar to modern

Grazers more negative than modern and TP
Browser and grazer §C more negative than
TP, more mesic conditions

Non-normal bimodal distribution, less defined
than TP with larger spread indicated in
grazing taxa suggesting more dietary
flexibility

Nitrogen Isotopes

No data available

High 5'°N values in GRS taxa, more arid

Low &'°N values in GRS taxa
More negative than TP, more mesic

Palaeoenvironmental
Conditions

Dominated by open Cs grasslands, some
woody vegetation and Cy4 grass

Cool and dry, some year-round rainfall
Water available nearby, at least seasonally

Grassland dominant, increase woody
vegetation

Intermediate and open habitats available
Moister than LP, likely increase summer
rainfall but drier than present

Cooler growing conditions

Water available nearby, at least
seasonally

Mosaic environment, dominated by woody
vegetation and reduced grassland

Moister, increase summer rainfall
Transition from cooler growing season to
conditions more similar to current
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CHAPTER 6: CONCLUSION

This study inferred the palaeoenvironmental conditions at Grassridge Rockshelter (GRS)
during the late Pleistocene (LP), terminal Pleistocene (TP), and mid-Holocene (MH)
occupations using fauna identified by Zooarchaeology by Mass Spectrometry (ZooMS)
and stable carbon and nitrogen isotopes. Overall, this study uses ZooMS to successfully
identify faunal remains from GRS, documents faunal and stable isotope shifts through
time, increases the palaeoenvironmental resolution at GRS, and reveals some unexpected
results. The limitations of this study are discussed, and future avenues of research are

proposed.

Eighty-five percent (n = 85) of the GRS faunal sample was successfully identified to at
least tribe, and was better than, or on par with, both local and global studies. The success
of ZooMS increased through time but not significantly, suggesting that ZooMS can be used
on older assemblages, up to ca. 40 ka, and in warmer environments where ancient DNA
(aDNA) may be poor, if the taphonomic factors affecting collagen preservation have been

considered.

Faunal turnover is indicated from the latter part of Marine Isotope Stage (MIS) 3 to the
MH with grazers being replaced by browsers through time. Shifts in stable carbon and
nitrogen isotope ratios are recorded from the TP to MH; although shifts in §*3C browser
values may be associated with fluctuating moisture availability, uneven sample sizes, or
the dominance of grey rhebok in the MH. In particular, more positive 8*C browser and
elevated 5*°N herbivore values in the TP may be due to lower moisture availability.
Furthermore, the abundance of grey rhebok in the MH may relate to subsistence change as
GRS inhabitants shifted their focus from large bovids during the Pleistocene to browsers

and small territorial bovids inhabiting the surrounding hilly region during the MH.

Faunal and stable isotope proxies complement the microbotanical data reported by Ames et
al. (2020), although some differences are found between stable isotope and microbotanical
data. Together, these data suggest that the latter part of MIS 3 (ca. 43-28 ka) was
dominated by open Cs grassland with very few trees and cool and dry conditions with some
year-round rainfall. The TP environment was more similar to the present-day and was
dominated by grassland with some woody vegetation. Relative to MIS 3, conditions were
slightly moister with a likely increase in summer rainfall, but cooler and drier than the MH.
The MH is characterised by a mosaic environment which was dominated by woody
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vegetation and an overall reduction in grassland. Conditions were moister than the TP.
Overall, the environmental conditions at GRS transition from dry and cool in the latter part
of MIS 3 to mesic and warmer in the MH with summer rainfall increasing through time.
Grassland is replaced by woody vegetation from MIS 3 to the MH, but C4 grasses became
more abundant. Water was likely available, at least seasonally, during the LP, TP, and MH

occupations.

Grassridge faunal identifications have previously relied on the traditional
osteomorphological approach. An approach that is widely practised throughout southern
Africa (and globally) but often results in the neglect of morphologically unidentifiable
bone fragments, typically constituting a large portion of faunal assemblages. Faunal
identifications using ZooMS may allow morphologically ambiguous and unidentifiable
bone fragments to be identified and reduce taphonomic and analytic bias, increase sample
size, and address some of the key concerns of traditional and aDNA zooarchaeological
analyses. However, ZooMS does not replace other zooarchaeological methods but rather
complements, informs, and verifies them. As seen in this study, the combined use of
ZooMS and stable carbon and nitrogen isotopes enhanced palaeoenvironmental
reconstructions, improved and validated taxonomic identifications, and provided insight
into the effects of environmental change on diet. Zooarchaeology by Mass Spectrometry
also allowed for the identification of a blue duiker and ostrich, highlighting its potential to

identify rare or unexpected taxa and clarify taxon-specific patterns of preservation.

6.1 LIMITATIONS
The current study was limited by the lack of a complete collagen peptide marker reference

database, broad taxonomic resolutions, and uneven and small sample sizes.

Two unknown Antilopinae were identified in this study. In both cases, collagen was well
preserved and good spectra were produced. Unfortunately, narrower taxonomic
identifications were not possible as no comparative peptide markers were found in the
reference database. In general, robust peptide marker reference databases are largely absent
outside of Eurasia and are one of the limitations of ZooMS analysis in southern Africa
(Janzen et al. 2021). Additionally, high levels of collagen conservation between bovid
groups limits taxonomic resolution, typically producing tribal-level identifications as
opposed to genus or species-level identifications (Bradfield et al. 2019, 2021; Janzen et al.
2021).
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Collagen conservation and incomplete collagen peptide marker reference databases may
lead to misidentifications as seen with the suni antelope from this study or reduced
confidence in faunal identifications (i.e., blue duiker). Suni antelope and barbary sheep
share a similar collagen signature making it difficult to distinguish between them. Barbary
sheep are not found in southern Africa, suggesting that the suni shares a similar collagen
signature with another C4 bovid, such as the unnamed extinct caprid. Additional sampling
and sequencing are required to resolve this issue. To date, eland are the only species from
the Tragelaphini tribe to have published collagen markers. This may reduce confidence in
our identifications as the collagen markers of several Tragelaphini are missing from the
reference database, with identifications relying on historical and archaeological presence of

eland at GRS and the surrounding grassland regions.

Finally, the results of this study are sensitive to small and uneven sample sizes and the
feeding behaviours of particular species. Caution should be taken when working with small

and uneven sample sizes as it makes any firm conclusions difficult.

Many of the limitations mentioned above can be addressed by expanding the collagen
peptide reference database, including additional techniques (i.e., stable isotopes, bovid size

classes), and increasing sample size.

6.2 FUTURE AVENUES OF RESEARCH

Future avenues of research should consider the factors affecting the success of ZooMS and
stable carbon and nitrogen isotopes. They should focus on expanding the reference
database, expanding the GRS sample, applying ZooMS to the GRS bone tool assemblage,
and examining socio-cultural networks across the arid interior, interior montane grasslands,

and the coast.

The following should be considered before employing ZooMS: the factors affecting
collagen preservation (Richter 1986; Stiner et al. 1995; Taylor et al. 1995; Nielsen-Marsh
et al. 2000; Collins et al. 2002; Lee-Thorp 2008; Gifford-Gonzalez 2018; Kendall et al.
2018), the types of taxa inhabiting the study region (Janzen et al. 2021; Peters et al. 2021),
the potential taxonomic resolution (i.e., sub-family, tribe, genus, etc), and the completeness
of the collagen peptide marker reference database (Bradfield et al. 2019, 2021; Janzen et
al. 2021). This is particularly relevant in Africa where faunal remains are exposed to
sub-optimal conditions that hinder collagen and aDNA preservation (Lee-Thorp 1989;
Ambrose 1990; Klinken 1991; Holmes et al. 2005; Lee-Thorp & Sponheimer 2006; Pestle
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& Colvard 2012; Buckley 2018). Importantly, the factors affecting collagen preservation

should be well understood before implementing these techniques.

Notable contributions have been made to the African collagen peptide marker reference
database; however, there are still notable gaps in the database that need to be addressed. To
begin, all future studies should submit modern faunal samples with their archaeological
samples to help expand the reference database. These samples should include taxa that may
have occurred in the region in the past. Additional work is required in developing novel
ZooMS markers for African bovids, thus allowing narrower taxonomic identifications. To
date, no extinct African bovid collagen peptide markers have been published. The
inclusion of extinct bovid taxa may enable identification of these taxa and shed light on

their palaeobiogeography and biochronology.

Only 100 morphologically unidentifiable bone fragments were used in this study.
Additional samples should be submitted for ZooMS and stable carbon and nitrogen isotope
analysis to verify some of the trends identified in this study, such as the influence of
feeding behaviours from dominant taxa, seasonal migration, and changes in faunal and

stable carbon and nitrogen isotope ratios through time.

Bone tools were found at GRS by Opperman and the Grassridge Archaeological and
Palaeoenvironmental Project (GAPP). The sample size is small (n = 11) but future research
could include an examination of the excavated faunal remains for additional bone tools,
followed by minimal or non-destructive ZooMS analysis. These results could be compared
with those found here to see if there are any differences in the fauna selected for tool
manufacture and subsistence. This may also provide insight into the symbolic associations

attached to fauna.

Future research should examine the relationship between changing palaeoenvironmental
conditions and socio-cultural networks and mobility across the arid interior, interior
montane grasslands, and the eastern coastal region during the Late Quaternary. Current
understanding of this relationship is insufficient with southern African
palaeoenvironmental reconstructions being impeded by spatial and temporal gaps leading
to broad reconstructions and faunal identifications being limited by morphological biases
and high degrees of fragmentation. These issues may be alleviated by the combined use of
Z0oMS and stable isotopes. The inclusion of strontium and oxygen isotopes could prove
useful, possibly providing additional palaeoenvironmental information, understanding of

socio-cultural networks, and the effects of seasonal migration on isotopic signals.
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APPENDIX 1

Taphonomy for GRS faunal assemblage (abbreviations are found below)

Appendix 1.A: Taphonomic data from GRS faunal remains, abbreviations and scoring found below. Fauna from the MH are highlighted in green, TP are

orange, and LP are yellow.

No.
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L o £18|gs| |B| < |S| E |g8 |8
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< 5 s | & 3 G|3|2| 2 |F|E|o|x|s|8|58|<|E| 8 |§| € |Edg o
.| E (<5} c ) 8 o (@) a g S '|E = &
s | W = sl 8 >
B4ANW | 1000B:3 | S-S | A Br ~ | ~T1 I N[~ ~]~]~111]12 s | ~|~|eoB]| 3 |1189| 43 | -
BANW | 10031 |SS| A ~ ~ |~ 1~ ~]~1~]~]T1]1]1 s | ~ ] - LB 3879 52 | -~
BANW | 10031 |SS| A ~ 1t lstl2|nm] -~ ~]~12]1]1 s | ~ ] - LB 3 [1180| 52 | -
BANW | 10032 |SS| A Br ~l~l1 M| ~]~]~]1]l1]1 s | ~| - LB 3 1312 36 | ~
Local
BANW | 10032 |ssS| A ~ ~|~T1lwmM]1]s]~]1]1]1 S 1| - LB 3] 491 | 36 | -
BANW | 1007:1 | S-S | J ~ ~ |~ 1~ ~]~1~]~]T1]1]1 p |~ - LB 3| 840 | 38 1
BANW | 10071 | S-S | A le?al <1 Nnm] -]~ ~|1]1]1] s |1]|~] wB |3]|73]| 37 |-
BANW | 1007:1 | S-S | J ~ ~|~T1 M|~ ~]~]T1]1]1 p 1| - LB 3 | 61,3 | 45 1
BANW | 1007:2 | S-S | J Br 1lst|1| M|~ ~]~]21]1]1 p 1] - Br 311082 72 1
Possible
BANW | 101011 | S-S | A ~ ~|~T1lwm]~]~]~]T1]1]1 S 1| - Be 3 | 647 | 30 | -
BANW | 1010:1 | S-S | J ~ 1 lst|~] ~ | ~1~]~11]1]1 ) 1| - LB 3| 725 | 36 | -
BANW | 101011 | SS| A Br ~ |~ ] 1| N|~]~]~]1]1]1 S 1| - LB 3759 | 47 | -
Local
BANW | 10122 | S-S | A ~ 1t st |nm] -~ ~11]1]1 S 1|1 LB 3633 | 41 | -
BANW | 1012:2 | s-5 | J ~ ~ |~~~ ~1~1-~1~1alal-~1@w®P 1] - LB 3| 507 | 44 | -
BANW | 1012:2 | s-5 | J ~ ~|~l2Im|~]-~]~121]l1]1 p 1] - Be 3| 697 57 | -
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BANW | 10182 | S-S | A N -~ = [~ ~T~<T1]11 s | ~[~1T 1B |3 /[511] 72 |2
BANW | 10182 | S-S | A N -~ =~ [~ ~T~<T1]11 s | =11 B |3 /a51] 724 |2
BANW | 10183 | S-S | A - == -] =T~<T21111 s =<1 1B |3 ]|682] 80 |1
BANW | 10183 | S-S | A RB =] <~ ~~l1l1|l1]| s |~|~]| B |3|33]| 58 |1
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BASW | 1000B:1 | S-S | A - == 2 sl ~T21l1l1 s [ =<1 B |3]|696]| 46 |1
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BASW | 1000B:1 | S-S | A - -1 ™M |~~~ =<T1] 11 s | 1] ~1LBRB| 3| 434 ]| a2 | 1
BASW | 10032 | S-S | A N S - - - =T <T21l1l1 s 11 ~1 1B |3]|5s04] 36 |1
BASW | 10032 | S-S | A N - - - ~T~<T21l1l1] s 11 ~1 1B | 3|39 41 |2
BASW | 10032 | S-S | J Br = < === P | =|~] B |3|21]| 25 |1
Local
Basw | 10032 |ss| 3| PB |~ |-~ ~|=~|~|~]2|l2|~|P |~|~| B |2]|41]| 33 |1
Local
BASW | 10032 | SS | A N 1lstl1|m |~~~ S [ B | 3|33 a7 |1
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B4SW 10032 | S-S | A ~ ~ |~ ] 1 M ~ | -] ~-11]1]1 S 1] - Be 3 | 820 3,9 ~

B4SW 1003:2 | S-S | A ~ ~ |~ | - ~ 2 S ~ 1 1 1 S 1 ~ Br 3 | 558 6,4 1

B4SW 1003:2 | S-S | A ~ ~ |~ | - ~ ~ ~ ~ 1 1 1 S 1 ~ Be 3 | 801 4,2 1

B4SW 1003:2 | S-S | J ~ ~ |~ ] 1 M ~ ~ ~ 1 1 1 P 1 1 LB 3 | 105,7 4,8 1

B4SW 1003:2 | S-S | A ~ ~ |~ | - ~ ~ ~ ~ 1 1 1 S 1 ~ Be 3 | 1118 8,7 ~

B4ASW | 1004A:2 | S-S | A ~ ~ |~ | - ~ 2 S ~ | - 1 1 S 1 1 Be 3 | 823 4,5 ~

B4SW | 1004A:2 | S-S | A ~ ~ |~ - ~ ~ |~ ]~ 1]1]1 S 1|1 | Br/RB | 3 | 41,0 2,9 1

B4SW 10123 | S-S | A RB ~ |~ | - ~ ~ |~ ]~ 1]1]1 S 1|1 |LBRB| 2 | 437 4,6 1

B4SW 10123 | S-S | A ~ ~ |~ | - ~ 2 S|~ |1 ]1]|~ S 1] ~ Be 3 | 395 4,7 1

B4SW 10123 | S-S | J ~ ~ |~ ] 1 M ~ |~ ]~ 1]1]1 P 1] ~ Be 2 | 46,0 5,0 2

B4 wall ~ S-S | A RB ~ |~ - ~ ~ |~ |~ |~ |41 S 1]1 RB 2 | 1015 9,3 ~

B4SW 1017:1 | S-S | A ~ ~ |~ | - ~ 1 S|~ |1 ]1]|~ S 1]1 Be 3 | 43,0 4,6 1

B4SW 1017:1 | S-S | A RB/DB ~ |~ | - ~ ~ ~ ~ 1 2 1 S 1 ~ | Br/lDB | 2 | 73,6 11,6 1

B4SW 1017:2 | S-S | A ~ ~| ~ |1 |NM| ~ ~ ~ 1 1 1 S ~ | ~ LB 2 | 60,2 4,3 2

B4SW 1017:2 | S-S | A ~ ~ |~ | - ~ ~ | - | -] 1 1]~ S ~ |1 Be 3 | 51,0 3,5 1

B4SW 101722 | S-S | A ~ ~ |~ ] 1 M ~ ~ ~ 1 1 1 S ~ | ~ Be 2 | 344 4,3 2

B4SW 1017:2 | S-S | A ~ ~ |~ | - ~ ~ |~ | -] 1 1]~ S 1| - Be 3 | 32,8 6,9 ~

B4SW 1018:1 | S-S | J ~ ~ | - | - ~ ~ ~ ~ |~ ] 2 1 P ~ | ~ RB 2 | 434 9,5 ~

B4SW 1018:1 | S-S | J ~ ~ |~ ] 1 M ~ |~ |~ 1]2]1 P ~ |~ RB 2 | 601 3,9 1

BASW | 1018A:1 | S-S | A ~ ~ |~ ] 1 M ~ |~ |~ |1 1]~ S 1] ~ LB 3 | 341 3,5 1

B4SW | 1018A:1 | S-S | J ~ ~ |~ | - ~ ~ | -~ 11121 P ~ |~ LB 2 | 59,5 3,9 1

C5NW 3005:1 | SS| A ~ 1] C | 2 M 1 S| ~|1]1]|1 A ~ |1 Br 3 | 106,6 59 1

C5NW 3005:1 | SS| A ~ ~ |~ ] 2 M 1 S| ~|1]2|1 A ~ |~ Br 2 | 850 4,9 1

C5NW 3005:1 | SS| A LB/RB 1]C | ~ ~ ~ |~ ]~ 1]1]1 S ~ | - LB 3 | 947 3,7 ~
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C5NW 3005:1 S-S| A | LBtoRB ~ ~ 1 M ~ ~ ~ 2 1 1 S 1 1 LB 3 75,1 55 1
C5NW 30052 | SS| A ~ ~ ~ ~ ~ ~ ~ ~ 1 1 2 S ~ ~ Br 2 82,0 55 1
C5NW 3006:11 | SS| ? LB/RB ~ ~ ~ ~ ~ ~ ~ 1 2 2 A ~ ~ Br 1 95,1 3,7 ~
C5NW 3006:1 | S-S| A ~ ~ ~ ~ ~ 2 S 1 1 1 1 S ~ ~ LB 3 | 136,3 10,5 1
C5NW 3006:1 S-S J ~ ~ ~ 1 M ~ ~ ~ 1 1 1 P ~ ~ Br 1 108,2 4.3 1
C5NW 3006:1 | S-S | J ~ ~ ~ 1 M ~ ~ ~ 1 1 2 P ~ ~ Br 2 | 136,3 52 1
C5NW 3007:1 | S-S| A ~ ~ ~ 1 M ~ ~ ~ 1 1 1 S ~ ~ Br 3 99,7 7,1 1
C5NW 3007:1 | SS| A LF;(I?aI ~ ~ ~ ~ ~ ~ ~ 1 1 1 S 1 ~ Br/RB 2 80,0 6,8 1
C5NW 3021:1 | S-S | A ~ 1| Sl 1 M ~ ~ ~ 1 1 1 S ~ ~ LB 1 61,1 9,9 1
C5NW 3024:2 | S-S | J RB ~ ~ ~ ~ ~ ~ ~ 1 2 2 P ~ ~ Br/RB 2 98,1 10,1 1
C5NE 4003:1 | S-S | ? RB ~ ~ 1 M 1 S ~ ~ 1 1 S ~ ~ | RB/Br | 2 88,1 9,4 1
C5NE 4003:1 | S-S | J ~ ~ ~ 1 M ~ ~ ~ 1 2 1 P ~ 1 Br 2 52,9 6,6 1
C5NE 4004:1 | S-S | J ~ 1| Sl 1 M ~ ~ ~ 1 1 1 P ~ ~ LB 3 | 154,0 9,1 1
C5NE 4004:1 | S-S | J ~ ~ ~ 1 M ~ ~ ~ 1 1 1 P ~ ~ LB 3 63,6 41 1
C5NE 4006:1 SS| A ~ ~ ~ ~ ~ ~ ~ ~ 1 1 1 S 1 1 Be 3 48,2 3,6 ~
C5NE 4006:1 | S-S | A L(?Cral ~ ~ 2 M 2 S ~ 1 1 ~ S 1 ~ LB/Br 2 71,2 5,9 1
C5NE 40152 | S-S | A L(?Cral ~ ~ 1 M ~ ~ ~ 1 1 1 S ~ ~ LB 3 40,2 43 1
C5NE 40152 | S-S | A LES’;\I ~ ~ 2 M ~ ~ ~ 1 1 1 S ~ ~ LB 3 |109,4 6,6 1

C5NE 40154 | S-S | A ~ ~ ~ ~ ~ ~ ~ ~ S 1 1 LB 3 | 100,9 3,9

C5NE 40154 | S-S | J ~ ~ ~ ~ ~ ~ ~ ~ P ~ ~ Br 2 67,2 3,2
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CANE | 2001B:1 | S-S | 3 LF;cBm -l m |~ ~]~l1]1l1] P | ~|~]| B |3/|35]| 44 |1
CANE |2001B:1|SS|A| RB | ~|~|2 | M |~ |~]~|1|21|1] s | 1|~ ]|LBRB]| 3|36 31 |-

CANE | 20021 |SsS| J - ~T~T1 M |~ ~~T1]2]1 P [1~TBmB|3|260]| 56 |1
CANE | 20021 |ssS| A - T ~T1 ™M |~ ~~T1]1]1 s |11 [BrE]| 3 |513]| 34 |-
CANE | 20021 |ssS| A - T~~~ =1 ~T~-T1]21 s 1~ 1B |36 31 |1
CANE | 20021 |sS|A| DB | -~ |~|2|M | ~| ~|~[1]1]1] s | 1|1 |LeoB]| 3| 482]| 32 |1
CANE | 2004E:1 | SS | A - 1]st| 1| ™M |~ ]~ |~1[1]1] s |1]1]| B |3]|685]| 51 |-
CANE | 20071 | SsS| J - T ~T1 M | =] ~T1 121l P 1~ 1B 2572 99 |1
CANE | 20111 | S-S | 3 - I~ =T =11 s ~[1]1l1] P [1[1] B |3]aa6]| a2 |1
CANE | 20112 |SS|A| RB | ~ |~ |1 | M |~ |~ ~[1]1[1] s |1|1]|LBRrRB]| 3| 863 ]| 48 | 1

090 | BaNE | 10211 |SS|A| DB |~ |~ | ~| ~ | ~|~|~|~12~1 s [1]1]| oB |2 196]| 20 |-
091 | BANE | 10211 |ST| A | DBRB | ~ | ~ | ~| ~ |~ | ~|~|1 22| s |~ |- |oBRB| 2| 214]| 23 | -~
092 | B4SW | 10231 |SsS| A - - =1 = [ =T ~1~1~1113 s |1~ |eme]| 1|20 48 |-
093 | BANW | 1018D:1 | S-S | A - I~ =T = =T ~1~1~-11l1] s |1 ~] B |3|2n3| -~ |1
094 | BANW | 1018D:1 | SS | A - T~~~ =T ~T~-T1]21 s 1~ 1 [3al=s1| - |1
095 | BANW | 1018D:1 | SS | A - T~~~ =1 ~-T~-17~17111 s 1~ 1 |32 - |1
096 | BANW | 1018D:1 | SS | A - T~~~ -1 ~-T~T1]1]1 s 1~ 18 |28 - |1
097 | BANE | 10311 | S-S | J L[chal ~ |~~~ |~|~]|~|2]l3l1] P |~|~|BmB|2|362| ~ |-
098 | BANE | 10311 |S-S| 2 LF;EaI -~~~ ~]~|~]2|~|sR|~|~|wBRrRB|2|235| ~ |-
099 | BANE | 10311 | SS| A Br -1~ -~ 1-1-71T- s |~ |~ B |2 20| ~ |-
200 B4sw | 10123 [ss[ A ~ ~[ -2 m[1]sp] - s |2]-~] B [3]49] 24 |1
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Breakage !, 2

S = Spiral Fracture, T = Transverse
Fracture

Age
J =Juvenile, A = Adult
Burn (colour)

Be = Beige, LB = Light Brown, RB =
Red Brown, DB = Dark Brown, Br =
Brown, Bl = Black

Cut Mark (CM)3

1 = Present but mild (< 30% of surface
affected), 2 = Moderate (30-60%), 3 =
Severe (> 60%)

Cut Mark details (CMd)?3

Sc = Scrape-mark, Sl = Slice-mark, C =
Chop-mark

Percussion (PM)3

1 = Present but mild (< 30% of surface
affected), 2 = Moderate (30-60%), 3 =
Severe (> 60%)

Percussion Mark details (PMd)3

M = Percussion mark, N = Percussion
notch

Tooth Mark (TM)?

1 = Mild, 2 = Moderate, 3 = Severe
Tooth Mark details (TMd)?

P = Pit, S = Score

Gnaw Mark (GM)*

1 = Mild, 2 = Moderate, 3 = Severe
Root Etching (RE)*

1 = Mild, 2 = Moderate, 3 = Severe
Weathering®

! Villa, P.& Mahieu, E. 1991. Breakage patterns
of human long bones. Journal of Human
Evolution 21(1): 27-48.

2 Driver, J.C. 2005. Manual for description of
vertebrate remains. Unpublished manual. Crow
Canyon Archaeological Center: Cortez.

3 Blumenschine, R.J., Marean, C.W. & Capaldo,
S.D. 1996. Blind tests of inter-analyst
correspondence and accuracy in the identification
of cut marks, percussion marks, and carnivore

0 = Greasy bone, no cracking on surface,
1 = Some longitudinal cracking, 2 =
Longitudinal and split line cracking
present and some flaking/exfoliation, 4 =
Crack edges are rounded. Extreme
flaking/exfoliation. Flaking or exfoliation
occurs during movement or handling, 5 =
Falls apart in situ and is very fragile®

Encrusted*
1=<%,2=%-3%,3=>%
Surface Condition*

A = Abraded, P = Porous, R = Rough, S
= Smooth

Abrasion/Sheen (A/S)*

1 = Light sheen (< 30% of surface
affected), 2 = Moderate sheen (30-60%),
3 = Heavy sheen (> 60%)

Trampling*
1 = Mild, 2 = Moderate, 3 = Severe
Colour

Be = Beige, LB = Light Brown, RB =
Red Brown, DB = Dark Brown, Br =
Brown, Bl = Black

Preservation*

1 = < Y, of total cortical surface is well
preserved, 2 =Y -%,3=%-%,4=>%

Manganese*

1 = Spots, 2 = Patches, 3 = Completely
Covered
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APPENDIX 2
Stable carbon and nitrogen isotope ratios for GRS faunal assemblage

Appendix 2.A: 52C and 5*°N values with collagen quality indicators including %N, %C and C:N
ratio elemental.

No. 813C corr (%o) %C 3N corr (%) %N CIN
001 -18,9 43,5 8,3 15,8 3,2
002 -5,6 414 3,2 14,9 3,2
003 -19,8 43,3 4,6 16,0 3,2
004 -18,9 45,8 3,8 16,7 3,2
005 -16,4 46,5 7,0 16,9 3,2
006 -19,1 44,7 4,9 16,4 3,2
007 -20,0 47,0 55 17,1 3,2
008 -18,8 45,7 9,4 16,8 3,2
009 -13,8 47,2 6,2 17,3 3,2
010 -19,8 43,9 5,8 16,0 3,2
011 -19,9 40,1 6,0 14,2 3,3
012 -19,0 46,4 4,2 17,1 3,2
013 -19,6 36,2 5,6 12,8 3,3
014 -13,2 42,0 7,6 15,3 3,2
015 - - - - -

016 -13,2 39,8 6,9 14,5 3,2
017 -5,5 43,5 58 16,1 3,2
018 -18,4 42,7 11,2 15,6 3,2
019 -6,1 439 58 16,0 3,2
020 -9,6 43,5 6,3 15,9 3,2
021 -7,9 45,7 6,0 16,8 3,2
022 -13,3 43,1 8,2 15,9 3,2
023 -6,4 45,0 12,0 16,5 3,2
024 -7,5 46,1 12,7 16,9 3,2
025 -9,8 44,2 6,3 16,2 3,2
026 -7,0 42,7 12,8 15,6 3,2
027 -19,5 42,0 44 15,3 3,2
028 -7,8 43,0 4,0 15,9 3,2
029 -18,0 42,5 3,1 15,7 3,2
030 -19,2 45,4 4,8 16,6 3,2
031 -20,0 42,2 58 15,6 3,2
032 -10,9 43,2 3,7 15,6 3,2
033 -19,7 45,7 4,7 16,7 3,2
034 -19,9 43,9 4,0 16,3 3,2
035 -17,5 46,2 6,1 17,0 3,2
036 -11,1 46,8 4,3 17,1 3,2
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No. 813C corr (%o) %C 3N corr (%) %N CIN
037 -19,9 35,8 3,8 13,0 3,2
038 -20,3 45,5 4,7 16,7 3,2
039 -5,3 42,7 2,8 15,6 3,2
040 -18,7 46,2 57 17,1 3,2
041 -19,2 33,6 54 12,0 3,3
042 -19,2 31,5 4,7 11,2 3,3
043 -19,4 44,1 4,9 16,0 3,2
044 -6,1 45,6 3,1 16,7 3,2
045 -11,8 45,2 7,5 16,5 3,2
046 -7,4 40,3 11,7 14,4 3,3
047 -18,9 43,2 6,2 15,8 3,2
048 -6,8 41,8 6,1 15,1 3,2
049 -17,5 43,6 12,0 15,8 3,2
050 -17,5 42,9 54 15,8 3,2
051 -17,6 43,3 12,0 15,6 3,2
052 -6,2 47,6 10,2 17,5 3,2
053 -19,9 45,4 8,5 16,5 3,2
054 -6,2 42,7 13,1 15,6 3,2
055 -18,9 44,6 8,2 16,2 3,2
056 -6,5 45,8 10,7 16,6 3,2
057 -19,4 44 4 3,7 14,3 3,6
058 -19,3 42,6 4,8 15,4 3,2
059 -19,3 44 4 4,9 16,3 3,2
060 -6,7 41,0 6,0 15,1 3,2
061 -19,5 41,8 5,0 15,2 3,2
062 -19,5 46,8 53 17,1 3,2
063 -17,9 42,7 4,7 15,8 3,2
064 -19,6 46,3 53 17,0 3,2
065 -20,7 42,7 4,2 15,8 3,2
066 -20,3 42,6 52 15,3 3,3
067 -6,0 46,0 7,6 16,7 3,2
068 -9,5 24,6 3,2 8,7 3,3
069 - - - - -

070 -18,3 43,4 7,0 15,9 3,2
071 -19,6 43,7 7,5 15,3 3,3
072 -12,2 45,1 4,3 16,6 3,2
073 -19,8 43,2 4,6 15,9 3,2
074 -20,8 43,7 53 15,3 3,3
075 -9,0 37,3 7,0 13,4 3,2
076 -6,9 45,0 2,3 16,6 3,2
077 -10,5 46,0 3,7 16,9 3,2
078 -20,0 41,4 6,2 149 3,2
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No. 813C corr (%o) %C 3N corr (%) %N CIN
079 -19,6 39,7 4,2 14,5 3,2
080 -13,4 42,7 53 15,7 3,2
081 -19,8 449 51 16,4 3,2
082 -19,4 41,2 4,6 15,0 3,2
083 -20,2 44,8 4,0 16,4 3,2
084 -19,3 46,5 4,3 16,8 3,2
085 -7,4 43,7 3,2 16,1 3,2
086 -6,0 44,5 3,6 16,3 3,2
087 -6,7 46,8 8,7 17,2 3,2
088 -18,7 45,1 4,0 16,5 3,2
089 -20,0 46,3 4,6 16,8 3,2
100 -19,6 45,2 8,5 16,1 3,3

182




APPENDIX 3

Summary statistics of current study

Appendix 3.A: Summary statistics for 6**C and 6*°N values from browser, grazer, intermediate
feeder, water-dependent, and water-independent taxa in the TP and MH.

S Browser Grazer Water-dependent | Water-independent
MH TP MH TP MH TP MH TP
N 44 7 16 10 8 9 41 5
Min -20,8 -19,9 -13,8 -9,6 -13,8 -9,6 -20,8 -19,9
Max -16,4 -17,5 -5,3 -5,5 -6,0 -5,5 -16,4 -17,6
Mean -19,4 -18,4 -9,1 -6,8 -10,6 -6,9 -19,3 -18,7
SD 0,8 0,9 3,1 11 3,5 1,2 0,8 0,8
Median -19,5 -18,4 -8,4 -6,5 -12,5 -6,5 -19,5 -18,9
Range 4.4 2,4 8,5 4,1 7,8 4,1 4.4 2,3
51N Browser Grazer Water-dependent | Water-independent
MH TP MH TP MH TP MH TP
N 44 7 16 10 8 9 41 5
Min 3,1 54 2,3 58 3,6 5,8 3,1 6,2
Max 9,4 12,0 8,7 13,1 8,7 13,1 9,4 12,0
Mean 5,2 9,1 51 9,6 6,5 10,0 51 9,2
SD 1,2 2,7 2,1 3,2 1,6 3,1 1,2 2,4
Median 49 8,5 4,7 10,5 6,6 10,7 4,8 8,5
Range 6,3 6,6 6,4 7,3 51 7,3 6,3 5,8
Appendix 3.B: Outcome of Shapiro-Wilk tests for normality, significant results in green.
6130 615N
Sample N . - - -
Shapiro-Wilk | p-value | Shapiro-Wilk | p-value
TP Browser 7 0,88 0,24 0,89 0,28
MH Browser 44 0,89 < 0,001 0,89 < 0,001
MH grey rhebok 33 0,97 0,43 0,99 0,94
MH Other Browser 11 0,93 0,39 0,97 0,89
TP Grazer 10 0,81 0,02 0,81 0,02
MH Grazer 16 0,88 0,03 0,91 0,13
TP Water-independent 5 0,97 0,86 0,94 0,66
MH Water-independent 41 0,90 0,002 0,89 < 0,001
TP Water-dependent 9 0,84 0,05 0,83 0,04
MH Water-dependent 0,77 0,01 0,97 0,93
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Appendix 3.C: Outcome of chi-square test for success of ZooMS at GRS. Expected values smaller
than five in orange.

Success ZooMS
MH TP LP
No ID/low resolution 9 3
ID (at least Tribe) 61 17
Expected Values
MH TP LP
No ID/low resolution 10,5 3 15
ID (at least Tribe) 59,5 17 8,5
¥2=2,01;df=2; p=0,36

Appendix 3.D: Outcome of chi-square test for success of ZooMS vs surface preservation and
heating at GRS. Expected values smaller than five in orange.

Success ZooMS vs Surface Preservation Success ZooMS vs Heating
ID (to tribe) | No-ID 'tgb(é‘)’ No-I1D
Below Average 26 8 Heated 27 5
Good 59 7 Not Heated 58 10
Expected Values Expected Values
ID (totribe) | No-ID 'tﬁb(g’ No-ID
Below Average 28,9 5,1 5‘2&“&’6 272 48
Good 56,1 9,9 Good 57,8 10,2
2 =2,94; df = 1; p= 0,09 »*=0,01; df =1; p=0,90

Appendix 3.E: Outcome of chi-square test for browsers vs grazers through time. Expected values
and adjusted residuals are included when necessary. Expected values smaller than five are
highlighted in orange, significant values in green.

Browser vs Grazer

MH TP LP
Browser 44 7
Grazer 17 10
Expected Values
MH TP LP
Browser 37,3 10,4 4,3
Grazer 23,7 6,6 2,7

22 =12,43; df = 2; p = 0,002

Adjusted Residuals
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MH TP LP
Browser 3,30 -1,89 -2,66
Grazer -3,30 1,89 2,66
MH vs TP TP vs LP
MH TP TP LP
Browser 44 7 Browser 7
Grazer 17 10 Grazer 10
Expected Values Expected Values
MH TP TP LP
Browser 39,9 111 Browser 57 2,3
Grazer 21,1 59 Grazer 11,3 47
¥?=5,63;df =1; p=0,02 ¥>=1,61;df=1;p=0,20
Adjusted Residuals
MH TP
Browser 2,37 -2,37
Grazer -2,37 2,37

Appendix 3.F: Outcome of chi-square test for water-dependent vs water-independent through time.
Expected values and adjusted residuals are included when necessary. Expected values smaller than

five are highlighted in orange, significant values in green.

WD vs WI
MH TP LP
WD 8 6
Wi 41 0
Expected Values
MH TP LP
Browser 16,3 4.7 2,0
Grazer 32,7 9,3 4,0
Adjusted Residuals
MH TP LP
Browser -4,69 2,75 3,63
Grazer 4,69 -2,75 -3,63
y? =24,41; df = 2; p < 0,001
MH vs TP TPvsLP
MH TP TP LP
WD 8 WD 9 6
WI 41 WI 6 0

Expected Values

Expected Values
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MH TP TP LP
WD 13,2 3,8 WD 10,5 4,5
Wi 35,8 10,2 Wi 3,5 15
¥?=12,71; df = 1; p = 0,002 ¥?=2,86;df=1; p=0,09
Adjusted Residuals
MH TP
WD -3,57 3,57
Wi 3,57 -3,57
Appendix 3.G: Outcome of Mann-Whitney U-Test, significant differences in green.
813C BN
Sample
MW z p-value | MW z p-value
MH Browser vs Grazer 0 5,88 <0,001 | 3195 | 054 0,59
TP Browser vs Grazer 0 3,37 < 0,001 30 0,44 0,66
Browser MH vs TP 615 | 2,52 0,01 225 | 359 < 0,001
Grazer MH vs TP 50,5 | -1,53 0,13 25 -2,87 0,004
MH vs TP taxa 915 | -514 | <0,001
Springbok vs Browser 415 | -0,91 0,36
Unknown Antilopinae 2 vs Browser 31 -0,46 0,65
Unknown Antilopinae 1 vs Grazer 39 1,56 0,12
Reduncini Browser vs Grazer 0 -3,56 < 0,001 40,5 | -1,90 0,057
WD MH vs TP 16 -1,88 0,06 15 -1,97 0,049
WI MH vs TP 56,5 | -1,61 0,11 6 -3,39 0,001
MH WD vs WI 70,5 -2,52 0,01
TP WD vs WI 18,5 | -0,47 0,64
MH migratory vs non-migratory 0,37 0,71
Migratory TP vs MH 1,28 0,20
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APPENDIX 4

Combined results

Appendix 4.A: Opperman’s fauna were combined with the fauna from this study. Outcome of
chi-square test for browsers vs grazers through time. Expected values and adjusted residuals are
included when necessary. Expected values smaller than five in orange, significant values in green.

Browser vs Grazer
MH TP LP
Browser 129 15 1
Grazer 48 19 13
Expected Values
MH TP LP
Browser 114,1 21,9 9,0
Grazer 62,9 12,1 5,0
¥? = 31,69; df = 2; p < 0,001
Adjusted Residuals
MH TP LP
Browser 5,08 -2,69 -4,63
Grazer -5,08 2,69 4,63
MH vs TP TPvsLP
MH TP TP LP
Browser 129 15 Browser 15 1
Grazer 48 19 Grazer 19 13
Expected Values Expected Values
MH TP TP LP
Browser 120,8 23,2 Browser 11,3 4.7
Grazer 56,2 10,8 Grazer 22,7 9,3
2 =10,89; df = 1; p = 0,001 > =6,10; df = 1; p=0,01
Adjusted Residuals Adjusted Residuals
MH TP TP LP
Browser 3,3 -3,3 Browser 2,5 -2,5
Grazer -3,3 3,3 Grazer -2,5 2,5
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Appendix 4.B: Opperman’s fauna were combined with the fauna from this study. Outcome of
chi-square test for water-dependent vs water-independent through time. Expected values and
adjusted residuals are included when necessary. Expected values smaller than five in orange,
significant values in green.

WD vs WI
MH TP LP
WD 36 18 13
WI 126 13 0
Expected Values
MH TP LP
WD 52,7 10,1 4,2
Wi 109,3 20,9 8,8
12 = 44,02; df = 2; p < 0,001
Adjusted Residuals
MH TP LP
WD -6,06 3,29 5,37
WI 6,06 -3,29 -5,37
MH vs TP TPvsLP
MH TP TP LP
WD 36 18 WD 18 13
Wi 126 13 WI 13 0
Expected Values Expected Values
MH TP TP LP
WD 45,3 8,7 WD 21,8 9,2
Wi 116,7 22,3 WI 9,2 3,8
2 =16,59; df = 1; p < 0,001 W =774,df=1;p=0,01
Adjusted Residuals Adjusted Residuals
MH TP TP LP
WD -4,07 4,07 WD -2,78 2,78
Wi 4,07 -4,07 WI 2,78 -2,78
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APPENDIX 5
ZooMS for GRS faunal assemblage

Appendix 5.A: ZooMS results for GRS fauna. Collagen peptide markers included. Collagen markers from Bradfield et al. (2021) used to identify fauna.

No. ID A B C X2 D X3 F G X4
001 No collagen

002 Unknown - Antilopinae 1 1166,5840 1427,6809 1550,7117 2103,1000 2567,1892 2883,3541 3033,4224
003 Reduncini 1166,5846 1427,6804 1550,7117 2131,0531 2568,1155 2883,3527 3033,4188
004 Reduncini 1166,5864 1427,6966 1550,7134 2131,0906 2567,1868 2883,3993 3033,4789
005 Antelopini - Springbok 1196,5980 1427,7088 1550,7471 2131,0913 2554,1502 2883,4191 3033,4215
006 Reduncini 1166,5891 1427,6814 1550,7058 2131,0411 2567,1210 2883,3398 3034,3967
007 Reduncini 1166,6111 1427,7122 1550,7390 2131,1048 2567,2105 2883,4268 3033,4881
008 Antelopini - Springbok 1196,6125 1427,6921 1550,7198 2131,0803 2554,1445 2883,3713 3033,4300
009 Alcelaphini 1196,6057 | 1427,6951 | 1550,7193 2131,0712 2883,3807 | 3033,4384 | 3201,4361
010 Reduncini 1166,6198 | 1427,7329 | 1550,7638 2131,1355 | 2568,2320 | 2883,4900 | 3033,5173
011 Reduncini 1166,6385 | 1427,7487 | 1550,7820 2131,1489 | 2567,2464 | 2883,4712 | 3033,4964
012 Reduncini 1166,5970 | 1427,6970 | 1550,7205 2131,0719 | 2568,1129 | 2883,3774 | 3033,4453
013 Reduncini 1166,6041 | 1427,7056 | 1550,7336 2131,0991 | 2568,1807 | 2883,4028 | 3033,4611
014 Reduncini 1166,6113 | 1427,7066 | 1550,7276 2131,0847 | 2567,8408 | 2883,3847 | 3033,4410
015 Warthog 11066181 | 14537246 | 15487549 | 0927 | 21310818 | 25791244 | 28833893 | 30334524
016 Reduncini 1166,6000 1427,7037 1550,7475 2131,0663 2568,1534 2883,3486 3033,4222
017 Reduncini 1166,4633 1427,7156 1550,7414 2133,9474 2884,3832 3033,4478
018 Tragelaphini - Common eland 1208,6558 | 1427,7095 | 1580,7268 2131,0796 | 2624,1864 | 2883,3665

019 Unknown - Antilopinae 1 1166,6141 | 1427,6958 | 1550,7343 2103,1000 3033,4173
020 Equid 1182 1427,7052 1550,7348 2145,0968 2883,3902 2999,4
021 Antilopinae - low resolution 1196,6138 | 1427,6968 | 1550,7337 2131,0741 2883,3844 | 3034,4171
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No. ID A B C X2 D X3 F G X4
022 Antilopinae - low resolution 1196,6113 1427,6973 1550,7236 2131,0628 2883,3521 3034,3987

023 Alcelaphini 1196,6286 1427,7153 1550,7416 2131,0855 2883,3675 3033,4474 3202,4806
024 Alcelaphini 1196,6293 1427,7181 1550,7431 2131,0999 2581,2148 2883,4043 3033,4721 3201,4842
025 Neotragini - Suni 1196,5973 1427,6891 1580,7255 2131,0719 2581,1901 2883,3749 3033,4355 3227,5186
026 Alcelaphini 1196,6034 1427,6839 1550,7101 2131,0574 2582,1326 2883,3385 3033,4220 3202,4327
027 Reduncini 1166,5700 1427,6957 1550,7603 2131,0730 2567,0000 2883,3776 3034,4311

028 Unknown - Antilopinae 1 1166,5747 1427,7019 1550,7325 2103,1000 2568,1929 2883,3985 3033,4667

029 Reduncini 1166,5907 1427,6929 1550,7212 2131,0604 2568,1424 2883,3643 3033,4285

030 Reduncini 1166,6128 1427,7089 1550,7344 2131,0911 2567,1986 2883,4040 3033,4700

031 Antelopini - Springbok 1196,6330 1427,7185 1550,7464 2131,1065 2553,2024 2883,4249 3033,4789

032 Aepycerotini/Antilopini/Neotragini 1196,6070 1427,7103 1550,7241 2131,0958 2582,5790 2883,3962 3033,4463 3228,4404
033 Reduncini 1166,6124 1427,7105 1550,7341 2131,1011 2568,1848 2883,3846 3033,4524

034 Reduncini 1166,6015 1427,7029 1550,7343 2131,0647 2567,1608 2883,3659 3033,4387

035 Cephalophini - Blue duiker 1208,6479 1427,7078 1580,7344 2131,0928 2883,4180 3059,4606

036 Aepycerotini/Antilopini/Neotragini 1196,6358 14277247 1550,7465 2131,1108 2581,2206 2883,4199 3033,4973 3227,5387
037 Reduncini 1166,6013 1427,7100 1550,7364 2131,0934 2568,1961 2883,3976 3033,4608

038 Reduncini 1166,6162 1427,7163 1550,7440 2131,1065 2567,1828 2883,4054 3033,4596

039 Unknown - Antilopinae 1 1166,6217 1427,7269 1550,7495 2103,1000 2567,2157 2883,4247 3033,4953

040 Tragelaphini - Common eland 1208,6624 1427,7168 1580,7534 2131,0930 2623,2164 2883,3937

041 Reduncini 1166,6205 1427,7264 1550,7519 2131,1109 2567,2093 2883,4229 3033,4888

042 Reduncini 1166,6129 1427,7070 1550,7476 2131,0936 2567,1834 2883,3857 3033,4465

043 Reduncini 1166,6444 1427,7583 1550,7879 2131,1619 2567,2399 2883,4909 3033,4660

044 Unknown - Antilopinae 1 1166,6142 1427,7142 1550,7492 2103,1000 2883,3636 3033,4476

045 Reduncini 1166,6159 1427,7262 1550,7529 2131,1213 2568,1662 2883,4003 3033,4439

046 Antilopinae - low resolution 1196,9687 | 1427,7012 | 1550,7293 2131,0768 2883,3524

047 Reduncini 1166,6243 1427,7245 1550,7496 2131,1047 2567,1949 2883,4057 3033,4693

048 Alcelaphini 1196,6466 1427,7431 1550,7681 2131,1446 2582,2183 2883,4472 3033,4996 3201,7572
049 Aepycerotini/Antilopini/Neotragini 1196,5867 1427,6858 1550,7180 2131,0523 2883,3594 3033,4165 3228,4377
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No. ID A B C X2 D X3 F G X4
050 Unknown - Antilopinae 2 1208,6505 1427,7150 1550,7429 2131,1069 2581,2010 2883,4210 3033,5272 3227,5272
051 Antelopini - Springbok 1196,6451 1427,7285 1550,7677 2131,1230 2553,2229 2883,4406 3033,5090 3228,5484
052 Alcelaphini 1196,6230 1427,7222 1550,7520 2131,1131 2581,2527 2883,4233 3033,4913 3201,4878
053 Tragelaphini - Common eland 1208,6581 | 1427,7103 | 1580,7402 2131,0847 | 2625,1848 | 2883,3691

054 Alcelaphini 1196,6301 1427,7079 1550,7346 2131,0841 2582,1981 2883,3827 3033,4524 3201,4263
055 Reduncini 1166,6228 1427,7262 1550,7599 2131,1095 2567,2084 2883,4103 3033,4864

056 Alcelaphini 1196,6424 1427,7392 1550,7690 2131,1316 2581,2253 2883,4550 3033,5191 3201,5130
057 Reduncini 1166,6175 1427,7252 1550,7562 2131,1162 2567,2320 2883,4369 3033,5111

058 Reduncini 1166,6151 1427,7137 1550,7408 2131,0956 2568,1687 2883,3836 3033,4575

059 Reduncini 1166,6138 1427,7199 1550,7430 2131,1079 2568,1985 2883,4045 3033,4806

060 Alcelaphini 1196,6333 1427,7272 1550,7571 2131,1144 2581,2314 2883,4219 3033,4865 3201,5021
061 Reduncini 1167,6278 1427,7270 2131,0965 2567,2352 2883,4120 3033,4650

062 Reduncini 1166,6202 1427,7400 1550,7603 2131,1130 2567,2024 2883,4285 3033,5160

063 Tragelaphini - Common eland 1208,7225 | 1427,7497 | 1580,7901 2131,1471 | 2624,2333 | 2883,3933

064 Reduncini 1166,6194 1427,7265 1550,7548 2131,0995 2883,3810 3033,4868

065 Reduncini 1166,6297 1427,7384 1550,7626 2131,1259 2567,2377 2883,4386 3033,4805

066 Ostrich 2149,1000 2879,4000 2927,5000

067 No collagen

068 Hippotragini 1196,6416 1427,7402 1580,7801 2131,1311 2582,2357 2883,4461 3059,5154

069 Antilopinae - low resolution 1427,7324 1550,7492 2883,3942 3227,5096
070 Tragelaphini - Common eland 1208,6844 | 1427,7409 | 1580,7759 2131,1260 | 2624,2527 | 2883,4363

071 Tragelaphini - Common eland 1208,6689 | 1427,7290 | 1580,7525 2131,1013 | 2624,2404 | 2883,4067

072 Antilopinae - low resolution 1427,7317 | 1550,7667 2131,1142 | 2581,2377 | 2883,4245 | 3033,4940

073 Reduncini 1166,6017 1427,7193 1550,7417 2131,1020 2567,1874 2883,4202 3033,4854

074 Reduncini 1166,6069 1427,7102 1550,7377 2131,1036 2568,1854 2883,1854 3033,4822

075 Warthog 11966413 | 14537485 | 15487835 | 1o°007S2 | 21311199 | 25802403 | 28834363 | 30334697
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No. ID A B C X2 D X3 F G X4
076 Unknown - Antilopinae 1 1166,6281 1427,3510 1550,7665 2103,1000 2567,2453 2883,4588 3033,5259

077 Unknown - Antilopinae 1 1166,6315 1427,7310 1550,7646 2103,1000 2568,2162 2883,4338 3033,4992

078 Unknown - Antilopinae 2 1208,6745 1427,7311 1550,7626 2131,1228 2581,2255 2883,4420 3033,5073 3227,5385
079 Reduncini 1167,6286 1427,7261 1550,7198 2131,1085 2568,1950 2883,4466 3033,4899

080 Alcelaphini 1196,6481 1427,7322 1550,7646 2311,1253 2581,2341 2883,4411 3033,5020 3201,5246
081 Reduncini 1166,6349 1427,7511 1550,7828 2131,1494 2567,2522 2883,4766 3033,5241

082 Reduncini 1167,6197 1427,7280 1550,7453 2131,1112 2568,1978 2883,4082 3033,4813

083 Reduncini 1166,6225 1427,7351 1550,7532 2131,1389 2883,4551 3034,5290

084 Unknown - Antilopinae 2 1208,6793 1427,7400 1550,7592 2131,1317 2581,2418 2883,4369 3033,5244 3227,5862
085 Little collagen 1427,7340 | 1550,8332

086 Reduncini 1166,6182 1427,7204 1550,7422 2131,9740

087 Alcelaphini 1427,7156 1550,8012 2131,0982 2883,3875 3033,4841 3201,4804
088 Reduncini 1166,6278 1427,7337 1550,7618 2131,1227 2567,2250 2883,4303 3033,4953

089 Reduncini 1166,6192 1427,7390 1550,7600 2131,1315 2883,4552 3034,5454

090 Antilopinae - low resolution 1196,8407 | 1427,7416

091 Antilopinae - low resolution 1197,2149 | 1427,7336

092 Alcelaphini 1196,6453 1427,7299 1550,7585 2131,1057 2582,2226 2883,3938 3033,4827 3202,5063
093 Alcelaphini 1197,6425 1427,7333 1550,7702 2131,1097 2582,2111 2883,4016 3033,4821 3202,4920
094 Equid 1182,6000 14277474 1550,7737 21451 2883,4000

095 Alcelaphini 1196,556 14277454 1550,7357 21311 2883,3844 3033,4466 3201,4775
096 Unknown - Antilopinae 2 1208,6744 | 1427,7339 | 1551,3768 2131,1304 2884,4269

097 Antilopinae - low resolution 1427,7008 | 1550,7460 2883,4160 | 3033,5698 | 3228,5533
098 Alcelaphini 1197,6272 1427,7187 1550,7527 2131,1079 2583,2637 2883,4143 3033,4884 3202,4537
099 Alcelaphini 1427,7255 1550,7533 2131,1138 2582,2365 2883,4103 3033,5171 3202,4820
100 Aepycerotini/Antilopini/Neotragini 1196,6462 | 1427,7400 | 1550,7641 2131,1369 | 2582,2504 | 2883,4654 | 30335386 | 32285411
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APPENDIX 6

Opperman faunal results

Appendix 6.A: Outcome of chi-square test for browsers vs grazers through time. Expected values
and adjusted residuals are included when necessary. Expected values smaller than five in orange,
significant values in green.

Browser vs Grazer
MH TP LP
Browser 85
Grazer 31
Expected Values
MH TP LP
Browser 77,1 11,3 4,7
Grazer 38,9 5,7 2,4
¥? =19,15; df = 2; p < 0,001
Adjusted Residuals
MH TP LP
Browser 3,8 -1,8 -3,8
Grazer -3,8 1,8 3,8
MH vs TP TPvsLP
MH TP TP LP
Browser 85 8 Browser 8
Grazer 31 9 Grazer 9
Expected Values Expected Values
MH TP TP LP
Browser 81,1 11,9 Browser 5,7 2,3
Grazer 34,9 51 Grazer 11,3 4.7
v?>=4,85;df =1; p=0,03 v’ =4,94,df =1;p=0,03
Adjusted Residuals Adjusted Residuals
TP LP TP LP
Browser 2,2 -2,2 Browser 2,2 -2,2
Grazer -2,2 2,2 Grazer -2,2 2,2
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Appendix 6.B: Outcome of chi-square test for water-dependent vs water-independent through time.
Expected values and adjusted residuals are included when necessary. Expected values smaller than
five in orange, significant values in green.

WD vs WI
MH TP LP
WD 28 9 7
Wi 85 8 0
Expected Values
MH TP LP
Browser 36,3 55 2,2
Grazer 76,7 115 4,8
¥? =20,97; df = 2; p < 0,001
Adjusted Residuals
MH TP LP
Browser -3,99 1,96 3,95
Grazer 3,99 -1,96 -3,95
MH vs TP TP vs LP
MH TP TP LP
WD 28 WD 9
Wi 85 WI 8
Expected Values Expected Values
MH TP TP LP
WD 32,2 4,8 WD 11,3 4,7
Wi 80,8 12,2 Wi 57 2,3
¥?=5,76; df = 1; p=0,02 2 =4,94;df=1;p=0,03
Adjusted Residuals Adjusted Residuals
MH TP TP LP
WD -2,40 2,40 WD -2,22 2,22
Wi 2,40 -2,40 Wi 2,22 -2,22
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APPENDIX 7
Beard Results

Appendix 7.A: Outcome of chi-square test for browsers vs grazers through time. Expected values
and adjusted residuals are included when necessary. Expected values smaller than five in orange,
significant values in green.

MH vs TP
MH TP
Browser 122 7
Grazer 114
Expected Values
MH TP
Browser 123,3 5,7
Grazer 112,7 53
¥?=0,60; df =1;p=0,44

Appendix 7.B: Outcome of chi-square tests for bovid size classes through time. This was done for
both Beard's and Opperman's faunal assemblages. Expected values and adjusted residuals are
included when necessary. Expected values smaller than five in orange, significant values in green.

Beard Opperman
MH TP MH TP
Bovid Size 1 46 2 Bovid Size 1 34
Bovid Size 2 226 5 Bovid Size 2 72
Bovid 3/4 17 10 Bovid 3/4 7
Expected Values Expected Values
MH TP MH TP
Bovid Size 1 45,3 2,7 Bovid Size 1 32,7 43
Bovid Size 2 218,2 12,8 Bovid Size 2 70,6 9,4
Bovid 3/4 25,5 1,5 Bovid 3/4 9,7 1,3
Adjusted Residuals Adjusted Residuals
MH TP MH TP
Bovid Size 1 0,46 -0,46 Bovid Size 1 0,81 -0,81
Bovid Size 2 4,54 -4,54 Bovid Size 2 0,78 -0,78
Bovid 3/4 -7,5 7,5 Bovid 3/4 -2,66 2,66
¥? =56,24; df = 2; p < 0,001 ¥?=17,15;df =2; p=0,03
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