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ABSTRACT

Sibudu Cave is a rock shelter located in KwaZulu Natal at the east coast of South Africa and
falls within the summer rainfall zoneSibudu boasts wellated deep Middle Stone Age
deposits that have beetudiedto understand early human behaviour and their environment
along the east coast of South Afric&harcoal, pollen, seeds, carbon iso®pead faunal
studies have contributed tmmderstanding the past vegetation and climate at Sibudu during
the MSA. However, little is known about the grassland composition during this period at
Sibudu This study presents a phytolith based reconstruction of pakgetation and palaeo
climate tounderstand early humagpilant interactions and environment at the east coast of
South Africa during the p#8till Bay industry to the podiowiesonsPoortindustry (ca. > 71,

000 to 48, 000 years ago).

Two studies were completed: archaeological samplesnaodern plant samples.
Twenty eight archaeological samples were processed and compared with modern plant
samples form the local area witldditional modern plant material obtained from the
herbarium at the Evolutionary Studies Instifutdniversity of the Witwatersrand i
specifically the sedges and ruslfestal of more than 90 speciedjhe main contribution of
this study was to provide a modern phytolith reference collection for South African sedges
for which hardly any information existed and for woodya for which no referenaxisted

at the time

MSA sediment records indicate a mix of grassesigesand woody taxahat were
utilised at SibuduAn important human activity occurred during t8#ll Bay (SB) and the
Howiesoons PooifHP), with an abundance of unique phytoliths in particular sediment layers
that could not be confidently identified from the available literat@e/en the high
production of phytoliths in grassesi;ags phytolithan the MSA record were considered to
occur in relatively lower than expected amountke phytolith study suggests that C4 grasses
that are currently synonymous with the pressant vegetation in theusnmerRainfall Zone
werelikely the dominant grass type during the M&ASibudu SpecificallyC4 tall grasses
that favour warm mesic habitats are inferred in the Sibudu phytolith resoh@ving been

the most utilisedjrass type
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CHAPTER ONE

INTRODUCTION

1.0 General Introduction

South Africa today represents the tepie of human origins research on the continent, not
only because of the several ground breakiisgoveries of PlidPleistocene hominin remains

(e.g. Clarke, 2008; Berger, et al.,, 2012015 Stratford et al., 2016) but also the well
preserved LatePleistocene early human material culture that marks the development of
cognitive and behavioural modernity, a character now attributed to the Middle Stone Age
(MSA) of Africa (Klein, 1995; McBrearty and Brooks, 2000; Henshilwood and Marean,
2003). Archaealgical interest in the MSA of South Africa has grown considerably in recent
decades as evidenced by the rich body of research on its numerous MSA archaeological sites
that goes as far back as the earl{f 2éntury (Goodwin and Van Riet Lowe, 1929; Deacon,
1976; Thackeray, 1992; McBrearty and Brooks, 2000; Lombard, 2005; Wadley, 2014, 2015).
The MSA is not well defined but is thought to have started ca. 300,000 years ago (= 300 kya)
and spanned the period ca. between 300 kya and 30 kya (McBrearty and, RQ0Gs
Wadley, 2015). The numerous excavated archaeological sites in South Africa play a key role
in understanding biological and behavioural evolution of modern humans and their
subsequent geographic expansion (McBrearty and Brooks, 2000; Lombard 2012)),
Sediments containing archaeological remains are important sources of information for
reconstructing early human use of prehistoric sites, their technologies and the climate they
lived in as well as understanding modern human and landscape evditiery, 1987;
Schiegl and Conard, 2006).

Important MSA archaeological sitegigure 1.0) that have attracted attention and
have been the focus of this extensive research in South Africa include: Blombos Cave (e.g.
Henshil wood and S ealg R091;HenkHIvBodd, et atl, 2ED1; Heénshibvooel t
et al.,, 2002), Sibudu Cave (e.g. Wadley and Jacobs, 2004, 2006; Allott, 2004, 2005; Cain,
2006; Sievers, 2006; Backwell et al., 2008; Wadley et al., 2009; Wadley et al., 2011,
Hodgskiss, 2012), Rose CottaGave (e.g. Clark, 1999; Gibson et al., 2004; Wadley, 1997,
Villa and Lenoir, 2006), Klasies River Mouth (e.g. Klein, 1976; Deacon et al., 1986; Avery,
1987; Thackeray, 1989; Wurz, 2002), Pinnacle Point Caves (e.g. Marean et gl2@004
Brown et al.,2012; Albert and Marean, 2012; Esteban, 2016); Umhlatuzana Rock Shelter

(Kaplan, 1990; Lombard et al., 2010); Diepkloof Cave (Rigaud et al., 2006; Porraz et al.,
1



2008; Texier et al., 2010;; Porraz et al., 2013); Border Cave (e.g. Klein, 1977; \alla et
2012); and Bushman Rock Shelter (e.g. Louw, 1969; Brain, 1969; Plug, 1981, 1982; Porraz et
al.,, 2015). The various studies seek to understand early human behaviour and the
environment they operated in. Most of these sites represent the later plagt MSA of
southern Africa that includes the two distinct lithic technological indusiri€}till Bay
(~71.971.0 kya) and Howiesons Poort (~66 kya)i that represent the important periods of

the MSA that marked a period of enhancement of complex cegraghaviour exhibited by

early humans (Jacobs et al., 2008a). These study sites have provided evidence of innovations
such as the use of pigment (ochre), symbolism such as engraved ostrich eggshells, personal
ornaments such as shell beads, the use osadisefor hafting stone and bone tools depicting
improved hunting techniques, the use of medicinal plants as well as past climates at these
sites (e.g. Avery, 1987, Henshil wood et al
Texier et al., 2010Wadley et al., 2011; Hodgskiss, 2012) that have allowed for the synthesis

of detailed accounts of the MSA of South Africa (e.g. McBrearty and Brooks, 2000; Lombard

et al., 2012; Wadley, 2014, 2015) and its key role in understanding the origins and

behavoural evolution oHomo sapiens

These important MSA sites are today distributed across the summer raieéé.g.
Sibudu Cave, Border Cave, Rose Cottage, Umhlatazana and Bushman Rock Shelters), the
winter rainfallarea(e.g. Blombos Cave and DiepkloGfave) and the all yeaound rainfall
area(e.g. Pinnacle Point, Klasies River Mouth) of South Africa (Hall et al., 2biiire.0).
Klasies River, Blombos, Pinnacle Point and Diepkloof are some of the few sites with roughly
the same span of occupatiasSibudu (Wurz, 2002; Henshilwood and Sealy, 1997; Marean,
2010;Porraz et al., 2013) and it is only Sibudu and Diepkloof that have so far been found to
consist of both the Still Bay and Howiesons Poort technological industries within the same
sequence ima single setting (Rigaud et al., 2006; Wadley, 2007; Porraz et al., 2013).
However, these caves are lahtin the Winte Rainfall Zone (WRZ) within the Western
Cape #ongthe west coast near the Atlantic ocean (Blombos and Diepkloof) with Pinnacle
Pointand Klasies River in the all yeanund rainfall region between the winter rainfall and
summer rainfall regions in the Eastern Cape at the south coast, whereas Sibudu Cave is more
than 1000 km away from the west coast, much fantteeth towards the easbast in the
Summer Rainfall Zone (SR4Figure 1.0). Sibudu is15 km from the IndiarOceanwhere
environmental conditions are substantially different from those of the Western Cape/Eastern
Cape (Wadley and Jacobs, 200kdg? 2006; Porraz et al., 2013).



Located in KwaZuleNatal about 40 Km north of Durbgfigure 1.0), Sibudu Cave
has the potential to become one of the most important MSA sites in South Africa because of
its deep, weldated sequence that comprises one of the most complete later MSA ssquenc
(Wadley and Jacobs, 2004, 2006; Wadley et al., 2011). Sibudu Cave is among the few sites in
southern Africa with a long MSA that contains bone and plant preservation (Wadley, 2001).
It provides evidence of early human occupation spanning ca. 37,08)tgear7,000 years
with a long cultural sequence of p&till Bay, Still Bay (SB), Howiesons Poort (HP), post
Howiesons Poort, Late and Final MSA phases (Wadley and Jacobs; 2004; 2006; Jacobs et al.,
2008a, b).Abundant lithic artefacts have been foundSitbudu and they provide detailed
information on MSA technology during the different tectomonplexeghatform the primary
basis for understanding early human techalbural variability during the late Pleistocene
(e.g. Wadley, 2005; Lombard, 2005; Vil& al, 2005; Cochrane, 2006; Will et al., 2014;
Soriano et al., 2015). Importantly, Sibudu consists of the SB and HP lithic technology
industries that are important markers of technological and behavioural innovations of early
humans that are linked to tgeographic expansion of modern humans (Jacobs et al., 2008a).
Because most of the important MSA sites are locatethe south coast within the winter
rainfall region (Chase, 2010), Sibudu Cave presents an opportunity to study the MSA within
the summer riafall region an area for which few environmental MSA records are available.
Within the summer rainfall region, the Sibudu cultural sequence can be compared to few
other sites such as Umhlatuzana Rock Shelter and Border Cave but not all their occupational
phases are similar as what appears in one does not appear in another (Wadley and Jacobs,
2006). This means that they can only be compared for particular phases and worse still the

sequence at Umhlatuzana is thought to have been mixed (Wadley and Ja@6)ps, 20

It has been suggested that for South Africa, it is particularly important to study the
past local climate for each ecosystem as the past climate of one cannot be extrapolated to
represent other regions as South African past climate does not eorvatht global
inferences of past warming and cooling climates (Chase and Meadows, 2007; Chase, 2010).
The need to study each site in its own context has been emphasised by studies that have
shown that early humans occupied different sites at similar fareiift time spans and used
lithic technologies during the MSA across South Africa creating similar technological records
both at similar and at different time spans (Lombard, 2005; de la Pefa et al., 2013; Porraz et
al., 2013). Therefore, regional diffel®@s exist within similar techrcomplexes and
similarities exist within different complexes such as SB and HP (Wadley, 2001; Lombard,
2005). The technoomplexes described for South Afrisach as HP are therefore not the

3



same across archaeological siteserms of timing and duration, and different ages exist for

the same techroomplex (Lombard, 2005; Tribolo et al., 2013; Porraz et al., 2013). These
studies have therefore disput ed-complezesthatr r ent
suggest thatie SB started around 71.9 ka and ended around 71.0 kya and the subsequent HP
started around 64.8 kya and ended 59.5 kya (Jacobs et al., 2008a).

These aforementioned studies suggest that the MSA chronologies and cultural
evolution models for these technomplexes by Jacobs and Roberts (2008) dadobs et al.
(2008a, b) do not delineate these industries in terms of the cultural technologies in which they
occurred across South Africa as they are often taken to be homogenous in timing and
technology acrossouthern Africaby Jacobs and colleagues (e.g. Tribolo et al., 2013; Porraz
et al., 2013)There arecultural evolution models by several other authors as well that suggest
short intense occupation of several MSA sites by early humans and their subsequent
abandonmenand theséhavealsobeen considered to be overly simplighg recent studies
(Lombard and Parson, 2010; Lombard, 20R@rraz et al., 2013). There is a need for further
investigation especially the chronological classifications that have &assigned to these
technec ompl exes to clearly delimit them and as:
et al., 2012). These recent concerns that have arisen from the naming and timings assigned to
these lithiebased industries notwithstanding, the Bnd SB of South Africa are the formally
recognised industries across MSA sites in South Africa that also give the impression of being
the most confidently defined across different sites. For purposes of fitting this study in the
MSA context of other studs at Sibudu and the rest of South Africa, the informal terms that
have been used to describe some industrial phases of the MSA assemblage at Sibudu are used
in this thesis i.e. pr&B and posHP (Wadley, 2006; Wadley and Jacobs, 2006¢hrane,
2006) abng with the formal HP and SB industries as they are in the scope of this study.
Therefore, this thesis acknowledges currentgoimg refinements of the lithic MSA
technology of southern Africa that is the basis of naming and dating these-techplexes
but it does not concern itself with issues such as the new proposed-techplex name for
Sibudu i.e. t he A S4HB falld andead (e.§. Conardvah,i2@1h; Wil ate p o st
al., 2014).
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Figure 1.0 Location of Sibudu Cave and the archaeological sites mentioned in the text: 1)
Bushman Rock Shelter, 2) Border Cave, 3) Sibudu Cave, 4) Umhlatazana, 5) Rose Cottage,
6) Klasies River Mouth, 7) Pinnacle Point, 8) Blombos Cave and 9) Diepklod. €ahe
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1.1 Phytoliths at Sibudu: a brief background

The account of early human settlement at Sibudu (in Wadley and Whitelaw, 208 died

therein) reveals occupation and abandonment of the site providing researchers with
opportunities to study shifts in environmental conditions that may have affected their
Subsistence strategies as well a gl spquepce | at i o
has good organic preservation that has allowed for the analysis of phytoliths, charcoal, seeds,
pollen (not well preserved) and bone (Schiegl et al., 2004; Allott, 2004, 2i®&rs, 2006;
Renaut and Bamford, 2006; Cain, 2006). Such orgamaterial at Sibudu has not only
provided information about human occupation e.g. the use of plant resources for wood,
bedding and medicine but also palaeovegetation and palaeoclimate and their associated
dynamics (Wadley, 2004; Allott, 2004, 2005; Sieve06; Wadley et al., 2011; Bruch et al.,
2012; Lennox and Bamford, 2015).

Whereas fossil plant remains provide valuable information about past vegetation and
climatic conditions (Piperno, 2006), few palaeobotanical data are available from South Africa
and southern Africa as a whole.d. Wadley, 2004; Allott, 2006; Sievers, 2006; Albert and
Marean, 2012; Esteban, 2013 he few available plant remastudies in South Africa have
focused on archaeological wood and seeds (e.g. Allott, 2004, 2005, 2@06rsSi2006;
Sievers, 2013; Cartwright, 2018ennox et al., 2015 Although wood was burnt at most
MSA sites, few show good charcoal preservation (Wadley, 2015) and the most extensive
charcoal studies have beenndacted at Sibudu and DiepklobEcause of their excellent
preservationAllott, 2004, 2005. 2006; Cartwright, 2013; Lennox et al., 20E8v studies
have focused on fossil phytoliths in South Africa (Schiegl et al., 2004; Albert and Marean,
2012; Esteban, 2013Most organic materialstudies at Sibudu have focused on the
macrofossils of botanical (charcoal and seeds) and faunal (bones) remains (Wadley, 2004,
Al l ot t, 2004, 2006 ; Siever s, 2006 ; Pl ug, 20
Muasya, 2011; Val, 2016). A few slies have been done on the mibaanical remains at
Sibudu e.g. phytoliths and pollen (Schiegl et al., 2@®hiegl and Conard, 2006; Renaut and
Bamford, 2006).Some micrebotanical remains like phytoliths have also been observed in
micromorphology stuésat Sibudu/Goldberg et al., 2009).

Phytoliths from Sibudu MSA sediments were first presented by Schiegl and
colleagues (Schiegl et al., 2004; Schiegl and Conard, 2006). Phytoliths were analysed from

samples that were collected from recognisable heaatid their surrounding ashy layers
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(Schiegl et al., 2004; Schiegl and Conard, 2006). The 20 samples analysed for their phytolith
study were taken from various squares within layers that represent the later part of the MSA
at Sibudu i.e. the pos$tP, the &te MSA and the final MSA (Schiegl et al., 2004). The
phytoliths from hearths and the surrounding layers were found to be highlgltezatd and
generally similar indicating that fires were intense and prolonged, and there may have been
more fire at Sibud than the visible hearth remains and black layers indicate (Schiegl and
Conard, 2006). They also reported that phytoliths were abundant in the Sibudu sediments
although several appear heat altered. This showed that phytoliths are a good indicator of past
ash deposits or hearths in cases where the plant ash has been changed through diagenesis
such that the original structures of fireplaces or ash dumps are not discernible at the site or
have been heavily altered (Schiegl et al., 2004; Schiegl and Cond&@l). POytoliths at

Sibudu are thought to have been brought to the site mainly through human dmiivity
because Sibudu Cave is a high open shelter they sugdkeatesime phytoliths could also

come from decomposquantsthat grewat the entrance of th&helter andsome transported

by air, water and through animal dung (Schiegl et al., 2004; Schiegl and Conard, 2006). Their
phytolith study aimed at primarily differentiating between tree phytoliths, siliceous
aggregates (SAs) that they attribute to treesl grass phytoliths to allow for the
characterisation of wood ash deposits which would be dominated by tree phytoliths and SAs.
It therefore provided insights into the prehistoric use of fire and taphonomic processes at the
site (Schiegl et al., 2004; Selgl and Conard, 2006).

A micro-morphological study also revealed that phytoliths are an important
component of sediments at Sibudu sometimes being the sole component of a layer (Goldberg
et al., 2009; Wadley et al., 2011). Goldberg and colleagues state thama ny di f f er ent
phytoliths appea(Goldbery etbak, 2009).pA geseminneptidnoof the
presence of phytoliths was made without spec
was to study the site formation processes i.@hrapogenic, biogenic, diagenetic and
geogenic processes operating at Sibudu. Their study however, specifically identified sedge
phytoliths and confirmed the presence of sedges brought to the site as bedding as previously
suggested by seed studies at Sib(8ievers, 2006; Sievers and Wadley 2008). At Sibudu,
intense heat and high pH conditions caused a significant proportion of the phytoliths to be
morphologically altered (Schiegl and Conard, 2006). They found that this made quantitative
phytolith analysisdifficult and suggested that it could be overcome by analysing the

proportions of phytoliths that show minor or no heating effects and this would provide



important information for environmental interactions during the MSA (Schiegl and Conard,
2006.

The current phytolith study therefore set dotanalyse phytoliths for purposes of
understanding past environments during the MSA at the east coast of South Africa in terms of
vegetation and climate. Importantly the specific types of plants that early hwhigsed
during the MSA can be identified through phytolith analysis (Piperno, 2006). Reggmific
modern plant phytolith reference collections are necessary to make such meaningful
identifications of phytoliths from the archaeological recaddroford ¢ al., 2006;Iriarte and
Paz, 2009; Rossouw, 2009; Novello &t, 2012; Neumann et al., 2017; Collura and
Neumann, 201)7 Because few modern plant phytolith reference collectionsesifist South
Africa (i.e. Rossouw 2009; Cordova and Scott, 2010), all of which focus on
monocotyledonous plants mainly the grasses, this study also set out to create a modern plant
phytolith reference collection for South Africa especially for woody taxavfoch there was
none at the time this study begun. A new modern reference collection that incorporated
woody taxa has been recently added to the South African reference material (Esteban, 2016)
and it focuses on planteom the WRZof South Africa(Fig. 1.0). The current phytolith study
aimed at creating a modern reference collection of plams fine SRZof South Africa(Fig.

1.0). This reference collection adds to the few published mogbdytolith reference
collectionsand provided a standpoint on whito interpret therchaeological data at Sibudu

and future archaeobotanical phytolith studies that are taking shape in South Africa.

1.2 Problem Statement

The previous phytolith study at Sibudu Cave focused on using phytoliths to identify tree
phytoliths, siliceous aggregates (SAs) and grass phytoliths to characterise wood ash deposits
with the primary aim of insight into prehistoric fires and taphonomic processes at the site
(Schiegl et al., 2004; Schiegl and Conard, 2006). In so doing, severaltlsstase discussed

here were clearly beyond the scope of their study. Firstly, the potential of phytoliths as a tool

in archaeology has not been fully utilised at Sibudu by the previous phytolith study of Schiegl

et al. (2004) as important phytolith mogifppes were not been identified to the highest
taxonomic level possible. For example, grass phytoliths were classified and clustered together

as oOgrass phytol it hdhkeresyher8orehno eegord ofethie typel of (2C

grasses utilised &ibudu by early humans. Identification of grasses to the subfamily level is
8



important because different grass subfamilies with different photosynthetic pathways are
adapted to different environmental conditions, for example, the analysis/Gf @ass
composition is crucial to reconstruct past vegetation as it allows for making inferences of
climatic conditions (Twiss, 1992; Piperno, 2006). For instance; abundancéCatdll grass
species would suggest increased precipitation whileslirt grass spedewould be

associated with reduced precipitation (Singh et al., 2007).

The current study set out to make this grass distinction especially because of the
paucity of C3/C4 grass data during the late Pleistocene at the east coast of South Africa
compared tahe west and south coast where several studies tend to concentrate (e.g. Bar
Matthews et al., 2010; Albert and Marean, 2012; Cordova, 2013; Cartwright, 2013; Esteban,
2016). Because the phytolith data of C3/C4 at archaeological sites such as Sibuda is as
result of human selection of plant types, it can be biased and may not be representative of
past vegetation. However, at several archaeological sites, the assumption is made that early
humans selected plants that were available in the vegetation anketipdénts they selected
offer a good representation of what was in their surroundings. This short coming is further
over come by using various proxies at a given site to provide complementary or
supplementary information as has been done at Sibudu (Wadte Whitelaw, 200&nd
studies therein For exampleMSA phytolith dataat Pinnacle Point at the south coast was
correlated to Speleothem data (Albert and Marean, 200R)st climate proxies for South
Africa have been obtained from archeological sitekage, 2010; Wadley, 201%nd other
rare proxies such dg/rax dung(Scott and Vogel, 200@nd their inferences addten placed
into context of know climate phases of similar time occurrences for South Africa obtained
from marineoxygenisotope data sth as MIS 4 and MIS 5 to understand past climates (e.qg.
Wadley, 2004Reynolds, 2006Albert and Marean, 2012).

Moreover, phytoliths also have the potential to ident@yperaceae (sedges),
Arecaceaq(palms) and some tree and herbaceous taxa that prodagmeostic phytoliths
(Piperno, 1989; Ollendorf, 1992; Bamford et al., 2006; Piperno, 2006). In their phytolith
classification system, Schiegl et al. (2004) show that grass phytoliths might have been
grouped together with sedge phytoliths as they inditeiet c at egory OoO6phytol it
and sedgesd in their phytolith classificatic
sedge phytoliths percentage in their results and indicate only that of grasses. It is therefore not
clear to what extent eadf the two families contributes to this group or if sedge phytoliths

were encountered at all. Furthermore, their phytolith classification (Schiegl and colleagues) is



mainly based on identifications and classifications of a phytolith inventory by Rung®) (199

on central African soils and the phytolith morphotype categories of Runge i.e. B1, B2, B3

t hat were i1dentified at Sibudu were interpl
attributed them to trees in the Sibudu record.

The category B3 (sphericadi t h bi g spines) was 1include
category in their classification system and no mention is made of its own percentage and yet
according to Runge (1999), this morpyym is used to identify palms (Arecacea®mething
that also their pytolith study indicated. This placement of this category (B3) is misleading
since palms are monocots and are not essentially trees although many apgia, med
therefore would not contribute to thee 6dwood
Schiegl et al. (2004) study since they are not woody. It is also not clear from their results if
this particular B3 morphotype was identified in Schiegl et al. (2004) since they grouped all
the spherical phytolith types together. The extent to whichetpetms phytoliths occur at
Sibudu is not clear from Schiegl et al. (2004) although the B3 morphotype was later
mentioned in Schiegl and Conard (2006) seemingly as dimeeoccurrence. It is important
to categorically isolate palm phytoliths in any retas they are known as habisgtecific
plants in archaeological and palaeoanthropological samples (Runge, 1999; Piperno, 2006;
Bamford et al., 2006; Albert et al., 200%lore so, without presenting images of the
phytoliths that they identified at Sibudas is commonly done in contemporary phytolith
studies, it remains generally difficult to comprehend the specific phytolith types previously

identified at Sibudu and complicates comparison with other phytolith studies.

Finally, the way in which th@revious phytolith study is being interpreted by other
specialists to infer environmental change at Sibisdproblematic. For exampldall et al.
(2014), interpret the reduction of grass phytoliths in some layers in Schiegl et al. (2004) as a
reduction of grassland extent within the MSA environment at Sibudu. This kind of
interpretation of the phytolith record at Sibudu is not justified as the study by Schiegl et al.
(2004) cannot allow for this kind of environmental interpretation and neither did théy imp
it. Phytolith studies in South Africa are still rare and their application in South African
archaeology is relatively new (Schiegl et al., 2004; Albert and Marean, 2ot@pva, 2013;
Esteban, 2016), and specialists of other archaeological proxieshaealogy may not be
familiar with their application and interpretation. The study of Schiegl et al. (2004) was
designed to use phytoliths to understand taphonomy and the use of fire at Sibudu but not to

infer vegetation or environmental conditions andoasated changes. The paucity of lake
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sedimentary archives in South Africa has led to the use of unconventional archives like cave
deposits and fossil hyrax dung to infer palaeoenvironments in South Africa (Scott and Vogel,
2000; Scott, 2002). Because caleposits can be almost entirely of anthropogenic origin as

in the case of Sibudu, exercising caution is indicated when using them as climatic signals
(Pickering, 2006; Goldberg et al., 2009). It was therefore necessary to study phytoliths at
Sibudu in a ontext that allowso some exterfior inference of past environmental conditions

that include climatén a regionfor which few data exist.

1.3 Aims of the thesis

The aim of this thesis is tpresenta modern reference collecti@i phytolithsfrom
important taxa that occur around present d8jpudu cave that argenerally a good
representation of theufhmerRainfall Zone vegetationThe focus was mainly on sedges and
trees for with no data existg the SRZ of South Africa. Modern grasses foun&iaudu
were included in the study and although muclalgnin comparison, contribute to the bigger
studyof Rossouw (2009)The modern reference collection waggtade the identification of
the archaeological phytolith assemblage in this study and fptwy®lith studies for the

region.

The second aim of this thesis is poesent the environmental history of Sibudu
archaeological site, South Africa, over the last > 71,000 to ca. 48,000 yeaihegperiod
at Sibudu has been associated with severauralland environmental changes including
vegetation and climatic changes (e.g. Wadley, 2004; Allott, 2004; Sievers, 2006)gh
phytolith analysis, the study involved identifying plaaika that the early inhabitants of
Sibudu utilisedo understand #ir subsistence strategies and way of life. By identifying the
taxa at the site, the like vegetation surrounding the site is suggested and theiiiedly that
prevailed during this MSA period.his studythereforeaimed at providing supplementary
and omplementary data to other proxies at Sibudu Cave to improve and contribute to our

knowledge of human occupation and their environment on the east coast of South Africa.
The study thereformtended to address the following specific research objectives:

1. To organise a reference collection of phytoliths from modern extant plantaréhat
represerdtive of vegetation of the Summer Rainfall Zone that are representative of

plants that early humans utilised during the MSA at the east coast of South Africa.
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2. To identify phytoliths in archaeological samples to a higher taxonomic resolution to
identify the plant taxanainly the grass subfamilies and other monocot components

(i.e.sedges and palms) of ttexa that was utilisedt Sibudu during the MSA.

3. To detemine humarplant interactions at Sibudu during the MSA using phytoliths as

a tool to understand gg human subsistence strategies and occupation

4. To reconstruct the past vegetation and infer climatic conditions around Sibudu.

1.4. Hypotheses

1. Phytdiths in the assemblage will provide evidence for early husranronmental
interactions e.g. type of resources utilised for bedding and fire.

- According to Schiegl and Conard (2006), phytolith abundance at Sibudu is a good indicator
of combustion of plat material which is supported by the large number of visible hearths and
ash deposits. Phytoliths will be used to identify plant resources used during MSA occupation

such as grasses, arboreal taxa and sedges.

2. Phytoliths in the assemblage will provideidence of the vegetation and climate that
existed around the cave and the region during the MSA.

- Assumption is made that most of the plants utilised by early humans at the site came from
the surrounding cave environment. If few plant taxa idemtified in the fossil phytolith
assemblage, this will impede the proper reconstruction of past vegetation and inferring
possible climate. This is because the site contains largely anthropogenic material, the record
at Sibudu may contain plants seleclyvased by early humans and many surrounding taxa
would be left out of the record. The assumption is made also that the plants during the MSA
lived in conditions that are similar to those of that their modern counterparts live in today.
Modern phytolith reords from extant plants will be compared to those in the fossil record to

determine possible climatic conditions.
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1.5 Scope of the thesis

The primaryfocusof this thesis is to reconstruct tlae Pleistocene environmental history of

Sibudu Cave, Sdb Africa within the context of the Middle Stone Age of South Africa. The
study focuses only on the pg&ill Bay, the Still Bay, the Howiesons Poort and post

Howiesons Poort industries of Sibudu (> 7448 kya). The research on which this thesis is
basel focused on the use of phytoliths as a potential proxy to reconstruchaargn plant

interactions, their surrounding vegetation and the environment in which they operated.

1.6 Structure of the thesis

This thesis is arranged intone chapters thatra summarised below:

Chapter 1i Introduction: It comprises the general introduction that places Sibudu in the
context of South African archaeology and gives a brief background to Sibudu and the
previous phytolith study at Sibudu. It briefly explains tisefulness of phytoliths and their
potential to study past vegetation to understand early hoaab interactions and climatic
conditions at Sibudu. It further introduces the need for a modern plant phytolith reference
collection for South Africa. It stasethe gaps that this phytolith study sought to fill in the
problem statement and comprises the aims and objectives of the study, the hypotheses and,

the scope and structure of the thesis.

Chapter 2i Background to the study: It gives the history of redeatc Sibudu Cave, the
sources of evidence used in those studies with a particular focus on those that infer past
vegetation and climate. It gives a brief description of the past environment at Sibudu as
inferred by these proxies and early human culturenduthe MSA, describes the use of
phytoliths as a tool to reconstruct past environments including their advantages and
limitations and concludes with a brief history of phytolith research in Africa and a special

mention of Cyperaceae (sedges) phytoliths.

Chapter 3i Presentday Sibudu: It consists of a description of the present environment at
Sibudu in terms of its geographic location, presiay climate and vegetation together with

stratigraphy and chronology of the samples analysed in this study.

Chapte 4 i Methods: This chapter comprises of field based methods of sampling modern

vegetation for the modern reference collection and sampling of archaeological samples as
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well as laboratory methods to extract phytoliths from them. It also presents theitphytol
counting and classification criteria and a table showing the main morphotypes identified in

this study and their taxonomic affiliation together with the statistics applied.

Chapter 5 Results: Presents the results of the modern plant phytdlidedigs, grasses,

rushes and dicots that are mostly woody and photographs of their images.

Chapters G Implications of the modern reference collectitirdiscusses the interpretations
made from the modern reference collection in terms of their implicatmnsstonomy and
archaeologyThe results weraised to characterise the MSA fosgiiytolith resultsin the
next Chapter(chapter J. It therefore seeks to puhto context chapter 7in order to
understand thébackground against which th&xonomical clasfications used for the
ardhaeological phytolith data were made.

Chapter 7i Results: Presents the results of the MSA phytolith assemblage in terms of taxa
utilised by early humans and the inferred past vegetation at Sibudu during-BglifBay,
Still Bay, Howiesons Poort and pdsP.

Chapter 8 Discussionof the MSA Comprises of the discussion of the paistironment at
Sibudu from the @-SB to the posHP (> 71,000 to ca. 4800 yr BP) in terms of early
humanplant interactions, vegetation andneéite. It makes comparisonsth other vegetation
and climate data from Sibudu and gives an overview of the implication of the study for South

African archaeology.

Chapter 91 Conclusion: This chapter presents a summary of the main results and their

implications and highlights the areas that need further investigation.
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CHAPTER TWO

BACKGROUND TO THE STUDY

2.0 History of archaeological research at Sibudu Cave

Sibudu Cave was first excavated in 1983 by Aron Mazel of the Natal Musghna small

trial trench of about one metdeep that revealed Iron Age (IA) deposits (Wadley and
Jacobs, 2004). Major excavations of MSA deposits occurring immediately below the 1A
deposits begun in 1998 led by Prof. Lyn Wadley from the University of the Witwatersrand.
Seweral multiproxy studies were conducted to understand its environmental history and were
published in Wadley & Whitelaw (2006) and several have since been published. As of 2005,
deposits in the trial trench (squares B5 and B6) had reached a maximumfdbptlk metres

with excavation of this trench ending at rocks that were thought to be boulders and not the
actual bedrock while other squares yielded more than 4 metres of deposit without reaching
bedrock (Wadley and Jacobs, 2006; Pickering, 2006). As006,2the Wadley team had
excavated 21fmof MSA deposits (Wadley and Jacob, 2006). Excavations agoioy to

date led by Nicholas Conard of Tudbigen University since 2008 and several publications

continue to emerge from both excavations.

The excavationsdve revealed deep sediments with good organic preservation that
represent the pr8till Bay (preSB), Still Bay (SB), Howiesons Poort (HP), post Howiesons
Poort (post HP), late MSA and final MSA technological industries making Sibudu one of the
most imporant archaeological sites in South Africa (Wadley and Jacobs, 2004, 2006). Most
shelters contain relatively short sequences of human occupation and Sibudu is one of two that
present a rare opportunity to investigate the MSA cultural evolution of SB andithiR &
single stratigraphic sequence and setting (Jacobs and Roberts, 2008; Porraz et al., 2013). The
rock shelter represents an important depositional site containing evidence of both human
settlements and environmental conditions in the area durir@léistocene and has provided
evidence for the emergence of complex human behaviour (Wadley et al., 2009). The final
Optically Stimulated Luminescence (OSL) ages for the well stratified layers at Sibudu are
divided into preStill Bay (77 ka), Still Bay (7& * 2.0 ka), Howiesons Poort (61.7 = 1.5
64.7 + 1.9 ka), post Howiesons Poort (58.5 + 1.4 ka), late MSA (47.7 = 1.4 ka) and final
MSA (38.6 £ 1.9 ka) (Jacobs et al., 2008a, b).
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MSA occupations at Sibudu lie directly below the Iron Age layers leaving no
representation of Later Stone Age (LSA) remains (Wadley and Jacobs, 2006).
stratigraphic layers at Sibudu are clear and have been named according to the overshadowing
colour of the predominant matrix and older layers have more conventional colourgsedmpa
to the younger one (Wadley and Jacobs, 2006). Sediment deposits at Sibudu are composed
mainly of anthropogenic materials such as ash and bone (Pickering, 2006). Ash is a major
component of sediments and layers of hearths occur in parts of the sWadidley( and
Jacobs, 2006). The MSA sequence at Sibudu has good organic preservation in which faunal
remains show a presence of various mammals, birds and reptiles (e.g. Plug, 2004; Cain,
2006). This has provided evidence for occupation of skilled hgatlkerers at the site.
Botanical remains show plant use by early humans as bedding and firewood (Schiegl et al.,
2004; Allott, 2004, 2005; Sievers, 2006).

More so, lithic artefacts at Sibudu have provided evidence of a long sequence of MSA
technology (e.gLombard, 2004; 2006a; 2006b; Will et al., 2014) and residual analysis on
stone tools provide evidence that early occupants processed plant material and used
individual tools for multiple tasks (Williamson, 2004). Such studies from Sibudu have
provided theenvironmental history of Sibudu allowing interpretation of human behaviour,
humanenvironmental interactions, past vegetation and climate as well as site formation
processes. Proxies that have been used in the-pnaky and multidisciplinary research
corducted at Sibudu to determine past environments in terms of climate and/or vegetation in

particular are discussed below.
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2.1 Sources of evidence at Sibudu

Firstly, a long sequence of lithic technology is represented throughout the MSA period at
Sibudu that provides evidence for the emergence of complex human behaviour (Wadley et
al., 2009). The sequence at Sibudu shows that the site was occupied and abandoned on
several occasions (Cochrane, 2006). Several studies published in Wadley and Whitelaw
(2006) document the lithic tools from Sibudu and subsequent publications have followed
since then that continue to refine our knowledge of early human technologies (e.g. Conard et
al., 2012; de la Pefa et al., 2013; Will et al., 2014). In summary, lithterral present in
samples older than ~ 6Qa i.e. the Prestill Bay (unifacial points), the Still Bay (lanceolate
points) and HP industry (blades and a bone point) while samples younger than ~ 60 ka i.e.
Post HP (points, some bone), late MSA (unifaciaitppand the final MSA contains more
bifacial points than unifacial points, segments and hollow based points (Wadley and Jacobs,
2006). Microscopically analysed residues from stone tools from ~ 60 ka and 50 ka layers
provide evidence of remains of haftingaterial that once attached the stone tools to bone or
wooden shafts (Williamson, 2004; Lombard, 2006b). Similar results are observed in the Still
Bay points (Lombard, 2006a) and Howiesons Poort segments (Lomabard, 2006b). In this
section, | focus on diseging sources of evidence at Sibudu pertaining to environmental

reconstructions of climate and vegetataswell as humaplant interactions

Environmental history of Sibudu has been inferred from sevatdtidisciplinary
archaeological records that haedlowed for the reconstruction of past environments
especially for the HP and peldP i.e. from about 65 to 58 ka.{. Allot, 2005, 2006; Sievers,
2006; Hall et al., 2014). Until recently, little has been known about the environmental
conditions duringhie SB at Sibudand few data is available e.g. the faunal study by Val
(2016). Most studies are based on analysis of macrofossils (e.g. Allott, 2004, 2005, 2006;
Wadley, 2004; Bvers, 2006; Cain, 2006; Plug, 2006; Backwell et al., 2008; Val, 2016) and a
few on microfossils (e.g. Schiegl et al., 2004; Renaut and Bamford, 2006; Goldberg et al.,
2009). Analysis of several micro and macro fossil proxies include: phytoliths (Schiegl et al.,
2004), pollen (Renaut and Bamford, 2006), charcoal (Allott, 2004; 2R086), seeds
(Wadley, 2004; Sievers, 2006) and fauft@ain, 2006; Plug, 2006; Val, 2016). The chemical
composition of sediments and plant remains including minerals and isotopic content have
also been used to reconstruct past environmental conditionsuauSSchiegl et al., 2004;

Hall et al., 2008, 2014). The use of data from different proxies together with improved dating
control (Wadley and Jacobs, 2006; Jacobs and Roberts, 2008; Jacobs et al., 2008a, b) has led
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to an improved understanding of MSA @mwments and the possibility of further detailed
palaeoenvironmental reconstructions. These archaeological sources of evidence from Sibudu
are each briefly discussed here to show the extent of environmental research that has been
conducted at Sibudu, show their advantages and disadvantages were possible and their

cultural and environmental interpretations are discussed later on.

Macrofauna at Sibudu occurring in the major age clusters are described in Plug (2004;
2006), Cain (2006) and Val (2016). Thedbfauna assemblage at Sibudu is the largest MSA
record for South Africa both in size and taxonomic diversity (Val, 2016). Several aquatic
animals such as fish, crabs, frogs, crocodiles and fresh water birds in the record infer the
presence of a water swe at Sibudu throughout MSA (Plug, 2006; Val, 2016). Layersdn th
postHP and late MSA (from ~58Ka and from 8 respectively were characterised by
medium to large ungulates which include Zebra, giraffe, brown hyena, impala, waterbuck,
blue wildebeesand roan (Plug 2004; Cain, 2006). Zebras are particularly well represented in
the ca. 50,000 yrs layers along with brown hyena, giraffe, impala, Klipspringer, grey
waterbuck and red hartebeest (Plug, 2004; Cain, 2006).mdwofauna study has been
complanented by microfauna data &lenny (2006). These studies offer good interpretations
of early human behaviour and to some extent environmental conditions at the site albeit

rather limited in interpretation.

Archaeologically recovered charcoal has baealysed at Sibudu (Allott, 2004; 2005;
2006). Several tree taxa are deciphered from the record and offer valuable interpretations of
the palaeovegetation and palaeoclimate and early human plant exploitation during the MSA.
The study provides evidence afveronmental change during the MSA at Sibudu and wood
selection by early humans. The dynamics involved in tree taxa through the MSA may have
been as a result of change in local vegetation, sample bias or simply a change in preference of
wood source by earlhumans (Allott, 2006). According to Allott (2006), it is sometimes
difficult to decipher the cause of changes observed in the charcoal assemblages and it is
useful to have other proxy data such as phytoliths as changes may be a result of change in
behavour rather than climatélore so because charcoal can rateyused to infer grasses at

a site agondrecognitioh i therrécord. e

Carbonised and uncarbonised seeds have been recovered from Sibudu Cave (Wadley,
2004; Siever, 2006, 2011; Wadley al., 2011). The seeds were first described by Wadley
(2004) and sedge nutlets were first presented by Sievers (2006). These studies reveal tree

species, shrubs, climbers, rushes and sedges throughout the MSA record. Sedges are thought
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to have been brgint to the site by humans from the nearlwrigati River and carbonisation

of their nutlets is thought to be a result of post depositional fires and deliberate burning of
sedges by earlgumans for site maintenancadé®rs, 2006, 2011; Wadley et al., 201The

sedges were interpreted as having been used as bedding or a working surface and this has
been supported by micmorphological studies by Goldberg et al. (2009). These sedge
studies suggest the presence of a permanent water source during MSA lofASaat.

Pollen from sedges and presence of aquatic remains in the Sibudu record support the presence
of water from the Mongati River.(Renaut and Bamford, 2006; Plug, 2006; Val, 2016) Seeds
from semideciduous and evergreen forest taxa throughoumMtBA layers are described in
Wadley (2004) and inferences about climate were suggested. These seeds are thought to have
been brought to the cave by humans, animals, wind or could have fallen from trees on the
cliff above the cave (Wadley, 2004). The forsta record by Wadley (2004) is supported by

the charcoal record from Sibudu (Allott, 2004, 2005, 2006) for instance in terms of presence
or absence of a particular taxon from the MSA layers. This seed method is not without
problems, the main one being timability to identify a large mmber of taxa as indicated by
Sievers (2006) which leaves the inferred record rather incomplete. More so, not all layers
have been sampled for charcoal (discussions of ébd data is largely compheented by
charcoal data}this makes it difficult to interpret the results or explain the changes in the seed

recordaccording to Siever2006).

Sedimentbased analyses at Sibudu have involved a study on pollen analysis.
According to Renaut and Bamford (2006), most pollen studieSouth Africa have
concentrated on the Holocene with older studies not welitéined. More so, pollen records
from the east coast that are more applicable to Sibudu are limited (Renaut and Bamford,
2006). The pollen record at Sibudu was found to berlpgreserved and other organic
material present in barren samples showed signs of damage and was amorphous. Although
the pollen count is low it provides interpretations that support some of the seed (sedge),
charcoal and phytoliths identifications fronb&du (Renaut and Bamford, 2006). It is not
surprising that the pollen record is not well preserved as pollen grains are not resistant to
preservation but they deteriorate as a result of physical, chemical or biological attacks
resulting in under represetion in the pollen record (Lowe and Walker, 1997). This is
supported by the finding at Sibudu that the pollen was destroyed by the prominent fires at the
site hence the lack of preservation (Renaut and Bamford, 2006). Other than poor
preservation, anothgroblem with pollen is its inability to identify poaceae (grass) pollen

beyond the family level making it impossible to differentiate between grass subfamilies as
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seen for Sibudu. However, such problems can be solved by additional sebasedtproxies

such as phytoliths. The fossil botanical material from Sibudu mentioned above have been
subjected to a GHpased Coexistence Approach (§4 analysis and this method has
presented a higher resolution of climatic conditions in terms of winter and summer for
specific vegetation types during the MSA that were inferred from other studies at Sibudu
(Bruch et al., 2012).

The stable carbon isotop&®C) has been used to reconstruct past environments at
Sibudu (Hall et al., 2008, 2014). Analysis @}fC values fromCs plant charcoal of modern
Podocarpusspp andCeltis spp (trees)and archaeological charcoal of the same were found
to correlate well (Hall et al., 2008]hey demonstrate that a palaeoenvironmental signal is
preserved in archaeological charcoal described at Sibudu (Allott, 2004, 2005, 2006).
Environmental shifts which fit well with climatic shifts from other proxies in the age clusters
at Sibudu are refleet in the carbon isotope composition of the archaeological charcoal (Hall
et al., 2008, 2014). There are problems involved in uSi@drom charcoal as several studies
have produced contradicting values in carbon ratios of burnt abdinah plant materigbut
others have shown the potential of charcd@l values to record an environmental signal
(Hall et al., 2008).

Finally, a magnetic susceptibility (MS) study that involves mineral magnetic analysis
of sediments has provided evidence for climate chatdggibudu from the posiP to the
Iron Age (Herries, 2006) as will be discussed laféris method has been criticised by
Goldberg et al. (2009) as the interpretations about the soil deposition at Sibudu are not the
same as those found by the micromorplyglstudy by Goldberg et al. (2009). They suggest
that it is important to understand depositional processes and sediment components at Sibudu
to aid intepretations of the MS study. Theitudy shows that soil components were brought
to the site by humarend not conditions associated directly with climate change as suggested
by the MS study (Goldberg et al.,, 2009). The MS readings therefore most likely do not
represent climate change since the deposits at Sibudu are largely anthropogenic (Goldberg et
al.,2009).
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2.2 Summary ofpalaeovegetion and paleoclimatat Sibudu Cave during the
MSA

The multidisciplinary studies above have enabled the reconstruction of past
environments at Sibudu. Proxy evidence at archaeological sites might be biased and is
problematic but several lines of evidence have been advanced for Sibudu (Hall et al., 2014).
For example, it was impossible to decipher if the wood selection from the charcoal analysis
was a result of choice by early humans or environmental availability musitggested that
the charcoal is representative of the local woody vegetation that occurred at the site (Allott,
2006; Hall et al., 2014). Deposits at Sibudu cave are reported to have accumulated during
periods within the Last Glacial and possibly ear(/adley and Jacobs, 2006). Significant
global scale changes in climate and sea level are recorded for the last glacial but such climatic
changes are not weallocumented for archaeological sites in the summer rainfall region
particularly KwaZuluNatal (Allott, 2006; Chase, 2010). Most of the Sibudu MSA sequence
falls within the Oxygen Isotope Stage (OIS) 3 and the final phase of OIS 4, periods in which
seed and charcoal data point to variable and changing environmental conditions (Wadley,
2004; Allott, 20@, 2005, 2006; Sievers, 2006; Chase, 2010). Th&BreSB and HP layers
(> 77 to 60 kya) fall within the OIS4, a period representing an overall cool climate while the
postHP, late MSA and final MSA fall within the OIS3 (~&8 kya)with an overall warm
climate (Wadley, 2004; Chase, 2010)arious accounts are given for the past climate and
vegetation at Sibudu and the literature can be quite confusing and contradddsaorythe
same occupation period can be presented with different environrmaenthtions in its layers
(see Wadley, 2006; Hall et al., 201Znherefore main broad environmentahtepretationsof
the technocomplexes at Sibufhom various studies discsisd below are summarised in
Table2.0

Proxy environmental data for the ps#8 andSB is limited compared to the other
industries but a recent faunal study suggests that the vegetation was that of evergreen and
deciduous forest communities (Val, 2016). The-pBis associated with warm and moist
conditions consistent with the end of iaterglacial period (> 75 kya) that was followed by a
colder phase that accompanied the first glacial maximum around 70 kya (Val, Zb&6).
presence of the Gambian giant rat in these earlier layers and in the succeeding HP layers is

reported to indicatene presence of evergreen forest that is its habitat (Glenny, 2006).

Layers from the HP (~662 kya) suggest the dominance of evergreen forest taxa such

as Podocarpuswith high rainfall and more humidity than the pé#? occupations (Allott,
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2006; Bruch etl., 2012; Hall et al., 2014). This warm and moist environment is similar to
what is interpreted for the pi®B (Val, 2016). Bruch et al. (2012) suggests that the winters
were slightly colder and drier than present whereas the summer temperatures and
predpitations were the same as those for today. The presence of sedge nutlets in all MSA
layers suggests the presence of perennial water inhivega@iti River (Sievers, 2006). These
layers contain fern spores and sedge pollen indicating the presence of smtieenfRenaut

and Bamford, 2006). The presence of reptiles, molluscs and fresh water birds confirms a
permanent water source close to Sibudu (Plug, 2006; Val, 2016). Gypsum during the same
period suggests that there was moisture at the time (Pickefi0§; Schiegl and Conard,
2006). HP layers provide evidence for a variety of vegetation communities at Sibudu
including forest, riverine vegetation and to a lesser extent drier bushveld vegetation (Allott,
2006). The presence dfirkia tree species adaptdad dry environments suggests mixed
vegetation (Allott, 2006). Evergreen woody plants are thought to have been predominant
during this period (Sievers, 2006). Fauna studies also suggest that the greatest percentage of
mammals during this period was of thdbkat are adapted to forested environments with a
small percentage from open environments (Clark and Plug, 2008). The vegetation was
interpreted as woodland savanna habitat growing close to a riparian forest in a warm
environment (Allott, 2006).

The postHP (~58 kya) layers are dominated by mainly evergreen, riverine forest taxa
some of which suggest a shift to a cooler climate (Wadley, 2004; Allott, 2006; Bruch et al.,
2012). Temperatures for the pd$P are said to have been similar as those of the HP
(Sievers, 2006; Bruch et al., 2012) but the gaBt was slightly colder and represents the
coldest phase with a climate colder and drier than today (Bruch et al., 2012). A shift to drier
and colder than present climate with open savannas is inferred bgttahll(2014). Wadley
(2004) and Sievers (2006) suggests an increase in deciduous taxa. These inferences are
supported by Reynold (2006); and Glenny (2006) who suppose a combination of forest,
riverine and open savanna. The period also registers a chiamganonals adapted to closed

forest or woodland to those in drier and more open savannas (Plug, 2004; Cain, 2006).

The late MSA (~ 48 kya), falls within OIS3 and is reported to have been a period with
fewer evergreen forest taxa and more bushveld taxagh@mmon to drier areas (Allott,
2006). The seed and charcoal assemblages indicated an increase of deciduous wood species
throughout the late MSA (Sievers, 2006; Allott, 2006). This period is therefore thought to
have been drier and vegetation was morndpan during the poestP (Allott, 2006; Sievers,
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2006). t is reported by other authors as a period of increased warming and humidity with an
environment that is similar to that of today (Reynolds, 2006; Bruch et al., 2012; Hall et al.,
2014). This warmmg is said to have continued into the final MSA (~ 38 kya) but most likely
with drier conditions (Bruch et al, 2012). The magnetic susceptibility tddyries, 2006)

also suggested that there was an increase in warm conditions during the late MSA period.
However, this interpretation has to be treated with caution since this interpretation has been
guestioned by Goldberg and colleagues specifically because the depositis at Sibudu are
anthropoegenic and not climatically driven and thereofore such deductanst be made

from this method (Goldberg et al., 2009). The faunal assemblage during this period shows the
presence of a mixed environment with savanna/grassland and forest/woodland species (Plug,
2004; Cain, 2006). The study by Hall et al. (2014) alsggests mosaic vegetation around
Sibudu that was a mix of grassland, savanna, woodland, evergreen and riverine forest and

that moisture levels were higher than the péit

The climate and vegetation of the final MSA (~ 38 kya) is thought to have been
similar to that of today although drier (Allott, 2006). The warming trend from the late MSA is
thought to have continued to the final MSA but possibly under drier conditions (Allott, 2006;
Bruch et al., 2012). Charcoal analyses (Allott, 2004, 2005, 2006 )esudamalyses (Wadley,

2004; Sievers, 2006) show that many taxa found in and around Sibudu today were also
present when the site was occupied in the MSA because at least some conditions may have
been similar to those of today. However, there are some falaatrepresented during the

MSA that do not currently grow in the coastal environment of KwaXRldtal e.g.Kirkia

spp. (Wadley, 2004, Allott, 2006). This implies that more northerly vegetation elements were
once part of the region and that the local digodland component of the vegetation may
have been larger than it currently is (Wadley, 2004; Allott, 2006). A general warming trend is
suggested from the HP to the final MSA occupations at Sibudu (Jacobs et al., 2008a, b; Bruch
et al., 2012) with increasinwinter temperatures and stable summer temperatures (Bruch et
al., 2012).Although the late MSA (from- 48 kya) and final MSA (~&kya) environments

have been described in this chapter, they are not in the scope of this study (See Chapter 1).
This study sought to compare the implications of phytoliths in reconstructing past

environments with those described above.
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Occupation Vegetation General Proxy Refs
Climate
Pre-SB Evergreen and deciduous Warm and Fauna Glenny, 2006;
SB forest communities moist, a colder Val, 2016
phase around
(> 71,0001 70 kya
65, 000)
HP Mixed - evergreen forest mor Warm and Charcoal, Allott, 2006;
dominant withPodocarpus  moist seeds, Glenny, 2006;
(65,000 spp as the dominant tree., fauna, Sievers, 2006;
62,000) riverine vegetation and drier gypsum Pickering, 2006;
bushveld to a lesser extent Schiegl and
because of the presce of Conard, 2006;
Kirkia spp.- wooded Wadley, 2008;
savannan close to a riparian Clark and Plug,
forest 2008; Hall et al.,
2014
PostHP Evergreen, riverine forest tax Warm similar Charcoal, Plug, 2004; Cain,
with a marked increase in  to the HP but seeds, 2006;Glenny,
(58,000) deciduous taxa mixed drier than the fauna 2006;Bruch et
forest, riverine grassland HP. Also the al., 2012
coldest period.
Late MSA Mixed - forest/woodland, Warm and Charcoal, Allott, 2006;
(48,000) savanna/grasslanohcrease of possibly dry  carbonised Sievers, 2006
deciduous wood species. Le: but wetter than seeds Hall et al., 2014
evergreen forest taxa like the postHP
Podocarpusand more
bushveld more open than the
HP
Final MSA  Deciduous and evergreen ~ Warm similar Charcoal Allot, 2006
(38,000) forest many similar to today. to today but

Presence dKirkia spp.
indicate dry habitats

drier

Table 20 Summary obroadproxy environmental evidence from Sibudu.
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2.3 Occupation and culture at Sibudu Cave

Through these proxies used at Sibuithe, MSA record has contributed to the understanding

of the evolution of early human behaviour and provides evidence for advanced cognitive
functions with innovations that are thought to mark the emergence of anatomically modern
humans in Africa (McBrearty anBrooks, 2000; Wadley, 2015). Occupation at Sibudu is
thought to have occurred from > 77 kya ago to 37 kya ago during the MSA (Wadley and
Jacobs, 2006; Jacobs et al., 2008a, b). To start with, most of the MSA cultural material at
Sibudu is made from stona@@dshows changes in raw materials through time that define each
technecomplex described for Sibudu (Wadley and Jacobs, 2006). Residue analysis on these
stone tools revealed traces of ochre on some tools and this has provided evidence for the use
of compound adhesives as hafting material to attach stone tools to wooden shafts or bone
providing insights into the hunting techniques of early humans (Wadley et al., 2004;
Lombard, 2005, 2006a, 2006b; Wadley et al., 2009). Evidence for hunting techniques is also
from the use of bone tools during the HP at Sibudu that supports the hypothesis that
important technological innovations occurred during the MSA in Africa (Backwell et al.,
2008; dOErrico et al., 2012). Gri Oldysrsaenes or
thought to have been used in the processing of animal proahdtplantdy early humans
(Cochrane, 2006).

Perforated shell beads are an important component of the MSA of Africa as evidence
for symbolism or personal ornamentation (Henshilhooet al ., 2004; dO6Er ri
Sibudu, a few perforated marine snail shells used as ornaments have also been described
Still Bay populations (ca. 70,000 years) at Sibudu but this activity seems to disappear in the
Howiesons Poort layers.d(@ Er r i co et al ., 2008) . The ©pres
thought to have been used for symbolism, body paint and for decoration by early humans
(Wadley, 2007; Hodgskiss, 2012). The presence of fish bones at Sibudu suggests fish was
part of the earlyiuman diet during the MSA (Plug, 2006).

Numerous burned seeds of edible fruits at Sibudu also provide information on what
the early humans ate (Wadley, 2004, 2006; Sievers, 2006). Evidence for the use of sedges as
bedding (between 77 ka and 58 ka) by e&umans has been presented by Sievers (2006,
2011); Goldberg et al. (2009) and Wadley et al. (2011). Because of the abundance of burnt
sedge nutlets and the presence of sedge phytoliths, it is thought that sedges were harvested as

whole plants and the didrent parts used for different purposes including bedding and food
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during the MSA (Sievers, 2006; Wadley et al., 2011). It is not clear if sedges were eaten by
early humans but what seems clear is that sedge culms were laid on the floor to provide a
surface for resting, sleeping or working (Sievers, 2011). It is also suggested that sedge culms
were deliberately burnt to maintain their living area and probably to get rid of pests
(Goldberg et al., 2009). Construction and maintenance of bedding througmdoara
behaviours not previously described for the MSA (Goldberg et al., 2009). The 77 ka old
layers that had silicified sedge bedding were topped with leaves of the ar@maaiocarya

woodii that are known to be insecticidal, providing the first evidefar bedding and
medicinal plants (Wadley et al., 2011). This interpretation has been supported by the
identification of the poisonouSpirostachys faicanain a hearth at Sibudu that is thought to
have been used as an insect repellent (Lennox et ab).2Ziis has provided evidence that
early humans were familiar with edible and medicinal plants (Sievers, 2006; Wadley et al.,
2011).

There is evidence for intact hearths at Sibudu represented by numerous lenses of ashy
and charcoatich units that are rtoobservable at the site (Goldberg et al. 2009). Several
hearths are visible in the Sibudu sequence and many more seem to have existed providing
evidence for the extensive use of fire during the MSA (Wadley and Jacobs, 2006; Schiegl et
al., 2004; Goldberget al., 2009). Firewood must have been burned at most MSA sites in
South Africa although charcoal preservation is poor in many (Wadley, 2015). Sibudu Cave is
one of two sites that have provided evidence for firewood during the MSA because of its
excellentwood preservation (Allott, 2004, 2005, 2006; Lennox et al., 2005; Wadley, 2015).
The charcoal analyses demonstrate that good fuel wood was selected by the early humans and
that their selection pattern varied through time in the MSA (Allott, 2006; Lennat. et
2015).
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2.4Phytoliths as a tool for reconstructing past environments

Phytoliths are microscopic silig®iO,.nH,0) particlesthat are produced when certain living
plantsabsorb siliec acid (H4SiO;4) from soilthrough their rootenddepositit assolid silicain

plant tissuesvithin their cells, cell wallsand betweerrells (Carter, 1998Lu and Liu, 2003
Piperno, 2006 They occur in stems, leaves, roots and inflorescences of higher plants and
they have diverse and distinctive morphologicharacteristics Riperno, 1988; Pearsall,
2000. When the plant decayss burnt or digestedthe organic material decomposes and
phytoliths arereleased directly into the sodreating arin siturecord of the vegetation cover
because released phytoliths become microfoss$ithen plants that produced thefou and

Liu, 2003).The silica grains may be directly entrained into the sediment or transported either
by water or airto the site of final dgosition (Thorn, 2001)in many plant taxgmonocots,
dicots and pteridophytesthese silica accunhations appear in various morphologiesich

are taxonomically unique in some allowing for for the discrimination of a wide range of taxa
sometimes to genusvel (Piperno, 19881989) They are produced in many plant families
but aremoredistinctivein a few families such agrassesHoaceag)sedges (Cyperaceae)
AsteraceagArecaceagMarantaceae and some deciduous tress families subtoraseae
andCanabaceaédsrasses are abundant phytolith producers and their phytadithhological
variability and distinctiveness allow$o some extentior identification of grasses to their
subfamiliy levelmaking phytoliths aeliable proxy tools for charactenimy C; and G grasses

in fossil assemblage®¢arsall, 20005inghet al.,2007).

Of similar phytolith abundance are the sedges (Cyperaced&h produce a
phytolith morphotype that identifies sedges as a family with genera producingsyeuifc
phytoliths (Piperno, 1989; Ollendorf, 199Phytoliths also discriminate between forests (C
plants) and grasslands {C, grasses) in sedimen{®iperno, 2006) Although phytoliths
from G; trees andC; herbs are similar, according to Piperno (20@b¢re areaxa that are
major indicators for both mature forest and successional herbaceous plant assdbiations
make diagnostic phytolithend woudl aid in identification of a particular vegetation tygeg.
members of the Annonaceae, Arecaceae, Burseraceae, Chrysobalanceae, Magnoliaceae,
Bambusideae and many other plants that occupltter tropical forest Phytoliths were
initially used becausef their diagnostic potential in plant taxonor(g.g. Metcalfe, 1971
Palmer and Tucker, 198but attentionwas latergiven to their application in archaeological

and palaeoecologitatudies (Piperno, 1985a, 1989
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Since its first application as a tool environmental reconstruction in the 1970s and
1980s (e.g.Rovner, 1971; 1983; Pearsall, 1978; 1984; Piperno, 1198988), phytolith
analysis has become increasingly important and widely used in the field of archaeology (e.g.
Bowdery, 1998; Albert et gl 1999;Pearsall, 2000; Elbaum and Weiner, 2003; Albert and
Bamford, 2012; Mercader et al.,, 2013) and palaeoecology (Alexaidaé 1997; 1999;
Barboni et al, 1999 Lejju, 2009; Mercader et al., 2000; Albert et al., 200Barlier
archaeological studies.g. Pearsall (1978), Pearsall afdmble (1984), Piperno, (1985)
successfully applieghytolithsto identifythe presence of cultivated crogpet contributed to
understanding early plant domestication practickes recat years, the application of
phytoliths has enhanced recovery of data pertaining to human and plant relationships (e.qg.
Mbida, 2000; Mercader, 2000; Pearsall, 2000; Schieg! et al., 2004; Cabanes et al., 2010).
Phytoliths have enabled the identification tbe remains of plants, such as bananas, in
sedimentary records that would otherwise not have been possible using pollen. Phytolith
analysis thus offers additional informatiavrhere the preservation of biological material is
otherwise poor, and enables trexonstruction of vegetation history, for instance, in areas
where arid and humid grass associations cannot be discriminated through pollen alone. For
instance, it is possible to discriminate between forestpl@nts) and grasslands §C,
grasses) in aeslimentbased phytolith record (Alexandet al, 1997; Barbongt al, 1999).
Among the G grasses, phytoliths can also be used to distinguish between members of the
subfamily Chloridoideae (short grasses), which are adapted to warm and dry environments,
members of the subfamily Panicoideae, which are adapted to warm and wet environments
and members of the Pooideae; (fLasses), which are adapted to cool temperate and high
altitude environments (Twiss, 1992; Alexandeal, 1997; Pearsall, 2000; Barboand
Bremond, 2009).

Other than their role in reconstructing palaeovegetation and palaeoclimate, phytoliths
play an important role in archaeological reconstruction because they can provide answers
such as the availability and economic usage of wild plamtisthe characteristics of neste
landscapes and how cultures modified them (Piperno, 2008).is so because the different
structures of the plant body in a single phyteptioducing species will often contribute
different types of phytoliths. Thehptoliths record is therefore sensitive to the selective use
of different portions of plants (Piperno, 2006). An example of application is presented in
Cabanes et al. (2010) where plant preference by Neanderthals was deciphered from the
phytolith record. h addition to phytoliths from sediments at prehistoric cultural occupations,
phytoltihs from stone tools, dental remains and ceramics provide potential for stone tool
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function, diet as well as agricultural subsistence (Piperno, 2006; Henry et al., Rati2).
coloured or opaque phytoliths are related to high quantities of organic carbon occluded within
or coating the surface and these are commonly produced when a plant is burned and can be
an indication of vegetation fire3ljorn, 2004. Generally, Saddles are characteristic of light
loving grasses favouring open and arid habitats while Bilobates are characteristic of moisture
loving grasses favouring shade and/or mesic to hydric habitats and Trapeziform sinuate short
cells are typical ohigh-elevation grasses of the Pooideae subfamily (Barboni and Bremond,
2009; Barbonet al.,2010).

2.4.1 Advantages of using phytoliths as a proxy and their limitations

Phytoliths are produced in many plant families but are distinctive and abundgasses and

as mentioned this makes them useful proxies to differentiate between forest and grassland, a
similar function of pollen. However, althougtass pollen is produced in abundance and is
well preserved in Africa, pollen from grasses is too mormdichlly similar to permit
identification below the family level,L{vingstone and Clayton, 198QAlexandreet al.,

1997. This means that pollen can only indicate presence of the family Poaceae (grasses) but
does not distinguish {YJrasses versus,@rassesAlexandreet al., 1997 Bremondet al.,

2008 and this limits the reconstruction of tropical vegetation histdherefore, although

other proxies (such as pollen and carbon isotopes) can be used to infer past environments,
none of these proxiesre able to discriminate between &d G grasses in vegetation or

trace grassland dynamic8rémondet al., 2004. More so, arbon isotopes values can
identify Gz and G vegetation but they do not discriminate betwegnvGody and G grass

species (Piperno, 2006).

Several studies suggest that phytoliths have an advantage over pollen because they are
well preserved even in highly oxidizing environmental conditions and therefore resist decay
unlike pollen (e.gBremond,et al.,2004 Barboniet al.,2010. According to Piperno (2006),
chronological depth is great with phytoliths because they are stable through time in most
sedimentary environments and this allows for detailed-siteacontrasts and different site
comparisons of ragnal sequences are possible. This case is illustrated at Sibudu where the
pollen record is poor throughout the record (Renaut and Bamford, 2006). Phytoliths also have
an advantage over pollen in identifying agricultural crops as some of them are known to

produce little or no pollen e.g. banana and those which do, produce a type very similar to that
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of nondomesticated plantsg cultivated grasses like maize and geanot be distinguished

from native grasses using poll@iperno, 2006Ball et al., 206; Piperno et al., 2017Also,
phytoliths have an advantage over pollen in that they continue to be produced by plants that
stop flowering because of stress following a cooling change of clin@aetef, 1998 This

means that unlike pollen, they wouliillfe detected in sediment therefore providing a signal

of past environmental conditions.

Despite the above advantages, phytoliths have limitations in reconstructing past
environmentse.g. only a limited number of taxa are reported to be capable of gangdu
distinctive phytolith typesRiperno, 1988; Pearsall, 200More so, theinterpetation of
someof these distinctivg@hytolithsis still a problem (Runge, 1999This is becausthe same
plant species can produce different types/shapes of phyt@lighamultiplicity) and many
different species can produce the same phytolith types/shapes (i.e. redun@owgr,
1971), a problem that is constantly trying to be solved by researdtassmakes it difficult
in some case® assign a particular phyiih type to a particular species or plant tax8mgh
et al.,2007. For instance, in grasses, small amounts of Saddle (occurring in Chloridoideae,
C4), Cross and Bilobate (occurring in Panicoideag/Cg short cell phytoliths can be
produced by some spies of Pooideae L and Arundinoideae (F grasses in the Afro
alpine zone (Bremondt al.,2008). More so, some widespread Chloridoideae specigs (C
were found to have Rondel and Trapeziform phytolith types (occurring in PooidgaadC
do not have the typical Saddle shapes and it is because of this redundancy that Rondel
phytolith types in tropical East Africa may be interpreted as Pooideae and Chloridoid
phytoliths (Bamforcet al.,2006; Barboni and Bremond, 2009).

In addition toRondels, Pyramidal and Trapeziform short cells (originally known to
occur in G Pooideae grasses as welte redundant to some, C xerophytic grasses of the
Chloridoideae subfamily and some; € high elevation grasses of the Pooideae and
Danthonioideaesubfamilies (Barboni and Bremond, 200%hereforethere are difficulties
that arise in attempting to quantify palaeoenvironments using phytoliths assemblages
preserved in sediments since they do not always reflect the original plant communities
precisely(Lu et al.,2007). According to Piperno2006, not all individual kinds of short cell
phytoliths present in a sediment assemblage can be assigned to a subfamily or below because
of redundancy and proportions of different types of silica bodies may bedeedhe
reconstruction of grassland composition in order to confidently assume a particular

subfamily. Barboni and Bremond (2009) describe the need for a combination of varying
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proportions of several phytoliths to confidently assume a particular supfandlthisshades
some light to ease interpretation despite such redundancies. Pollen unlike phytoliths is more

certainly linked to particular plants.

More so, some plant taxa produce few or no phytoliths atPaarsall, 2000pas
shown by some Afromoahe woody taxa leading to ovepresentation of grasses versus
woody trees and shrubs phytoliths (Huaatgl.,2005; Barbonkt al.,2007;Bremondet al.,

2008. This is confirmed by a more recent study at high altitude in which woody taxa are not
well represented (Murungi, 2013). This means that for plants that do not accumulate
phytoliths, their presence in the phytolith assemblages is not detectable. Finally, phytoliths
morphologies generally do not facilitate aerial transportation and are normadigiteéepin

sites close to the parent plant (Wallis, 20B&arsall, 2000 Therefore, unlike pollen, which

is more likely to be blown in from distant sources, phytoliths may not be a good indicator of

regional vegetation but are a good indicator of locgletation. According to Walli€2001),

wind transport of phytoliths is known to be favoured by fire which serves to release

phytoliths directly into the atmosphere and thereby enabling their lateral movement.

2.5Phytolith research in Africa: a short history

Since their first appearance on the scholarly scene in the e&rbehfury Europe, phytoliths
gained considerable attention from soil scientists, ecologists, agronomists and botanists
primarily from the Uiited States, United Kingdom and Australia in th& 26ntury in the late

1950s to the 1970s (Piperno, 2006). Several studies mostly anatomical analysed phytolith
morphology in modern monocots especially grasses (e.g. Metcalfe, 1960, 1971; Blackman,
1968;Blackman and Parry, 1968; Twiss et al., 1969; Geis, 1978). It was Twiss et al. (1969)
that developed the first grass phytolith classification system to discriminate among three
grass subfamilies (i.e. Panicoideae, Pooideae and Chloridoideae), a classifitt is still

used today although with modification following several refinements in understanding

phytolith production in grasses.

Studies also begun on deciduous trees and other dicotyledons e.g. Geis (1973); Klein
and Geis (1978); Metcalfe and Ckdl1979). This was also a period of interest in using
phytoliths as a tool to reconstruct vegetation history. A study by Rovner (1971) brought
exposure to the significance of the use of phytoliths from living plants and soils in
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palaeoecological researcBeveral other studies on phytoliths in soils and living plants from
the USA and South America were conducted during this period (Baker, 1959; Wilding, 1967;
Wilding and Drees, 1971; Pearsall, 1978; Piperno, 1979). The 80s and 90s saw a major
increase in pytolith research especially in America involving analysis in living plants and
buried soils (e.g. Lewis, 1981; Mulholland, 1982; Piperno, 1984; Fredlund, 1986; Bozarth,
1986, 1987, 1990, 1992) and the spread to other parts of the world notably Asia, South
America and the Middle East (eRBjiperno, 1984; 1985a,b; Rosen, 1992; Kaplan et al., 1992;
Piperno, 1994; 1995; Madella, 1995; Piperno and Becker, 1996; Kealhofer and Piperno,
1998) and numerous publications from around the world have since emergedat'the

century.

Available literature suggests that concrete phytolith studies that involve phytolith
extraction from plants and soils following standard procedures begun in th£980d in
Africa (J. Runge and Runge (1995); McLean (1995); Alexandre €130.7); Polcyn et al.
(1997); F. Runge and Runge (1998); Runge (1999); Vrydaghs and Doutrelepont (2000) and
several studies have since been conducted. Prior to that, anatomical studies of living East
African grasses by Stewart (1965) and Palmer and cplesa (Palmer 1976; Palmer and
Tucker, 1981, 1983; Palmer et al., 1985; Palmer and Gedbets, 1988) were the early
works of phytolith research in Africa that produced SEM images of grass short cells. The
application of phytoliths to palaeoecological gach in Africa started with grass cuticle
anatomical studies by Palmer (1976) and phytoliths studies by J. Runge and Runge (1995);
Runge (1995); McLean (1995); Alexandre et al. (1997) and Polcyn et al. (1997). In West
Africa - where phytoliths studies hawften been conducted on samples from more than one
country at a time by the authorsphytoliths from modern plants to improve phytolith
systematics and identification of palaeoecological phytolith records have been studied by
Fahmy (2008); Eichhorn el.g2010); Novello and Badni (2015); Neumann et al. (2017)
and Collura and Neumann (2Q1Phytoliths in modern soils have also been studied to study
their potential to determine plant physiognomy and use of phytolith indices as proxies of
short versusdll-grass dominance, grass evapotranspiration and tree cover density (Bremond
et al., 2005a, b) and palaeoenvironmental reconstructions (Polcyn et al., 1997; Neumann et
al., 2009). Banana phytoliths from sites in Cameroon have led to critical discussion of
agricultural evolution theories with the evidence of the first edible banana cultivation in
Africa dated to ca. 2500 yr BP that predates the time they were known to have been
introduced to Africa from Asia (Mbida et al., 2000, 2001).
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Major phytolith studes in Africa started in Central Africa specifically the Congo and
Central African Republic and involved study of modern soils and sediment profiles, modern
plants and use of phytoliths for palaeoenvironmental reconstructions (Runge, 1995; J. Runge
and Rumge, 1995; Alexander et al., Runge, 1999; Mercader et al., 2000). Runge (1999) a
phytolith inventory of soils in Central Africa and that was a major reference for phytoliths
produced in monocot and dicot plants in Africa. Recent studies in Chad haverdidouted
to the modern reference collection of Africa grasses and sedges together with modern soll
analogues (Novello et al., 2012; Novello and Barboni, 2015) as well one of few phytolith
based Miocen®liocene palaeoenvironmental reconstructions in Afr{tlovello et al.,

2015).

Other than the aforementioned SEM studies of East African grasses, available
literature suggests that concrete phytolith studies in Eastern Africa begun in the late 1990s
with paleoenvironmental reconstructions by Mwedaitima (1997) and Barboni et al.
(21999) in Ethiopia. Several phytoliths studies have been conducted have been at Olduvai
Gorge in Tanzania to understand the palaeoenvironments including vegetation that early
hominins evolved in during the PH®leistocene times (Bert et al., 2006; Bamford et al.,
2006; Albert et al., 2009Barboni et al., 2010; Rossouw and Scott, 2011; Albert and
Bamford, 2012)Only two phytoliths studies have been conducted in Uganda to date (Lejju et
al., 2003, 2005; Lejju, 2009; Murundt013 Murungi et al., 201} Phytoliths from modern
soils in mountains in Kenya and Tanzania have provided evidence for the potential of grass
indices to reconstruct past environments at high altitudes (Bremond et al., 2008). A few
studies have extracted phlites from modern plants to improve palaeoenvironmental
reconstructions in East Africa (Bamford et al., 2006; Albertlet 2009; Murungi et al.,

2017).

In Southern Africa, few phytolith studies generally exist for this vast region.
Phytoliths have beempplied to palaeoenvironmental reconstructions to understand Late
Miocene/Early Pliocene, Pliestocene and Holocene environments (e.g. McLean and Scott,
1999; Grab et al., 2005; Scott and Rossouw, 2005; Rossouw et al., 2009; Parker et al., 2011),
though seeral of them are stated as preliminary studiésey have also been applied in
archaeology to understand early huapdant interactions at some MSA archaeological sites
in the region (e.g. Schiegl et al., 2004; Albert and Marean, 2012; Mercader et al., 2013;
Esteban, 2016). Phytoliths have also beenl tsstudy the diet of a recently discovered early
hominid (Bamford et al., 2010; Henry et al., 2012). To improve phytolith identification from
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fossil sediments for palaeoenvironmental reconstruction, phytoliths from living plants have
been studied by Rossw (2009), Mercader et al. (2009, 2010), Cordova and Scott (2010) and
recently Esteban (2016). Phytoliths from modern soils have also been studied by Cordova
(2013), Esteban, (2016) and Esteban et (@D17. Of these Southern Africa phytolith
studies,those from South Africa are: McLean and Scott (1999), Schiegl et al. (2004), Scott
and Rossouw (2005), Rossouw et al. (2009), Rossouw (2009), Cordova and Scott (2010),
Bamford et al., 2010; Henry et al. (2012), Albert and Marean (2012), Cordova (2013),
Eseban(2016) and Esteban et al. (2017

Despite the wealth of archaeological sites in South Africa, archaeologists have clearly
rarely enlisted the expertise of archaeobotanists and paleobotanists to study past vegetation. It
is for this reason that few [a@&ovegetation reconstructions exist for South African
archaeological sites that involve analysis of botanical remains (Wadley, 2015) a trend that is
set to change as some sites such as Sibudu Cave, Diepkloof Rock shelter and Pinnacle Point
Caves are settg the trend (Allot, 2004, 2005, 2006; Sievers, 2006, 2011, 2013; Renault and
Bamford, 2006; Albert and Marean, 2012; Cartwright, 2013; Lennox et al., 20 haBst
2016; Esteban et al., 2017

2.6 Cyperaceae (sedges) phytoliths in this study: a briefdgkground

Sedges are given special mention in this study because they were of major importance to
early humans during the MSA at Sibudu (Sievers, 2006, 2011; 2013; Wadley et al., 2011).
Sedges are of major economic and ecological importance and to dataréha source of
income to rural communities in KwaZulu Natal (Gord@ray, 1995; Van Wyk and Gericke,
2000).Phytolith analysis is a valuable tool for their identification in the archaeological record
(Chevalier, 2008; Iriarte et al., 2010). It was intpat to confidently discriminate between
woody taxa phytoliths and sedges in the archaeological record and several sedge specimens
were studied to this effect. Sedges are excellent phytolith producers producing phytolith types
that are diagnostic to tharhily and in some genera, gergpecific bodies occur making

them identifiable in the archaeological record as a family and as a genus (Piperno, 1989;
Ollendorf, 1992).

Because most sedge phytolith studies have focused on the conventional identification
of the classic cone/hahaped and/or achene phytoliths that are diagnostic of s@dghsa
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and Sharma, 1965; Metcalfe, 1971; Piperno, 1988, 1989; Ollendorf et al., 1987; Ollendorf,
1992), it was necessary to study the other important morphotypes produseddes that

may be an important component of the archaeological record at Sibudu. This is because some
recent studies have mentioned other phytoliths morphotypes found in sedges such as blocky
parallelepiped morphotypes that are sometimes more domheamthie classic corghaped

sedge phytolithsHernade#Honaine et al., 2009; Novello et al., 2012). These blocky phytolith
morphotypes are often associated with woody species (e.g. Albert et al., 1999; Albert et al.,
2003; Bamford et al., 2006) and theyncaccur in grasses and monocots (Novello et al.,
2012; Collura and Neumann, 2016). Novello and colleagues found that a sedge species was
identified by blocky parallelepiped morphotypes rather than the typical conebApmd
phytoliths. The abundance ofolbky phytolith morphotypes that were found in the MSA
Sibudu sediments in this study led to the analysis of phytoliths from various sedge genera so
as to identify phyoliths in sedges in specific terms beyond the classic cone/hatshape
morphotype to make @ore accurate attribution of the blocky morphotypes to sedges and/or

to the woody species that are also noted as abundant from the charcoal and seed studies
studies at Sibudu (Allott, 2005; 2006; Sievers, 2006; 2013; Lennox et al., 2015). Moreover,
the clasic coneshaped phytoliths are reported not to preserve well in soils (Carnelli, 2002;
Iriarte and Paz, 2009; Novello et al., 2012) and it is therefore necessary to determine other

morphotypes of sedges that may contribute to the archaeological record.

Lastly it was hoped that this study can demonstrate the extent to which phytoliths
from different genera can aid in sedge taxonomic classification. Some sedge fruit phytoliths
(achene phytoliths) have been shown to be specific to species of the GanexaCyperus
and Scirpus(Piperno, 1989; Iriarte and Paz, 2009; Iriarte et al., 2010). Because sedges are
morphologically diverse, classification to generic level was referred to as largely problematic
(Metcalfe, 1971; Standley, 1990). Despite the many anatdrand DNA studies to improve
sedge classification since then especially in South Africa (Ge@tay, 1995; Browning and
GordonGray 2011 Muasya et al., 2012), classification still remains problematic and species
are constantly being moved from one g&mo another with several species now representing
segregate genera and major improvements continue to date (Garapnl1995; Browning
and GordorGray, 2011;Muasya et al., 2009, 2012; Larridon et al., 2014; Gldbatex
Group, 2015).

Despite the archaeological, palaeobotanical and taxonomic importance of sedge

phytoliths, few studies have set out to describe phytoliths from sedges as individual
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morphotypes in their entirety (i.e. Bamford et al., 20B66rnadezHonaine et al., 2009;
Novello et al., 2012) and they studied all major morphotypes found in the sedges analysed
and not just the classic cone shaped phytoliths. It is against this background that 33
specimens of sedges (Tablel in Chapter Four, Methods) were analysed for theajom
phytolith morphotypes to create a detailed modern phytolith reference for South Africa and
Africa. Details of their morphotypes, their characteristics and microphotographs are presented

in Chapters Four and Five.

36



CHAPTER THREE

PRESENT-DAY SIBUDU CAVE: SITE DESCRIPTION

3.0 SIBUDU CAVE: PRESENT-DAY

3.1. Geographical location

Sibudu cave is found in the nomlastern part of KwaZulu Natal province and is located 40
km north of Durban and about 18n inland from the Indian OceatWadley and Jacobs,
2006; Fig.3.1) . Ot her Middle Stone Age sites in Si
60 km west of Sibudu, Shongweni and Umhlatuzana about 90 kmrwestlof Sibudu (Fig.

3.1) and Border Cave 300 km to the neehst of Sibudu (Fig3.2) (Wadley and Jacobs,

2006; Jacobs et al., 2008bBpday, Sibudu Cave is formed by a forested cliff overlooking the
Thongati River (Fig3.4A) and is boarded by sugar plantations that exterd tigthe edge

of the cliff above the cave (Wadley, 2001; Wadley and Jacobs, 2004). Although often
referred to as a cave, the site is in essence a rock shelter that is 55 m long and about 18 m
wide (Wadley, 2001; Wadley & Jacobs, 2006; BgB).

L PIETERMARITZBURG

INDIAN OCEAN

- Umhlatuzana

® Shongweni
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Figure 3.1 Locationof Sibudu Cavebove the fiongati River 40 km north oDurban city
and the three archaeological sites in the same province that is; Shongweni, Umhlatuzana and
Holley Shelters. (Map by Wadley, 2001; Wadley & Jac@6§4)
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3.1.1 Geology

Therock shelteiis hosted in thesandstones of the Natal Growhich are ca. 490 Ma and are
mainly made of a thick sequence of sediments deposited on the stable platform from the
erosion of the mainly granitic rocks (Pickering, 2006). At Sibudu, théssane is purpleed
andconsiss of reddish quartz and feldspach medium sand and some siith some clay
between the grain@ickering 2006. Sibudu caves thereforea sandstone rock shelter that

was formed by river erosion of the Natal Group storswhenthe river lowered its channel

and eroded through the sandstamel shale cliff (Wadley and Jacobs, 2004, 2@é&yers,

2006. The geology of the area has an influence on the lithic assemblage at the site and
whereas there is evidence for the agional use of sandstone to make tools, most tools at
Sibudu are made of another finer grained rock than the one from the shelter wall (Wadley and
Jacobs, 2006). A dolerite formation in the sandstone cliff a few hundred metres away from
the shelter is thaht to be the source of some of the dolerite that was used for knapping
throughout the MSA (Wadley and Jacobs, 2006). Dolerite cobles, rare hornfels, quartzite and

guartz also occur along the Tongati River below the shelter (Wadley and Jacobs, 2006).

3.1.2 Local climatic conditions

Firstly, it is important to mention that South Africa today is divided into three general
climatic zones based on annual rainfall i.e. the summer rainfall region, the winter rainfall
region and the all yeapund rainfall egion (Tadross and Johnston, 2012; Hall et al., 2014).

1) The summer rainfall season areas are; the eastern part of the country where annual rainfall
is 500 mm and above as well as the central part and parts of the western area which are semi
arid to aridwith late summer rain that varies from 500 mm to less than 100 mm; 2) the winter
rainfall area is the cape fold mountains and the area between them and the sea in the west of
the country; 3) and lastly the area with rainfall throughout the year in thesootieeastern

parts of the country that ranges from 300 mm to more than 900 mm (Tadross and Johnston,
2012). See Figurd.0 in Chapter 1 for an illustration of the three rainfall zones of South
Africa. Using Figure3.2 below, these three regions can Hastrated by the biomes of South
Africa: the winter rainfall region is mainly represented by the relatively moist Fynbos biome

in the west, the soutivestern and southern parts of the country, the drier Succulent Karoo
biome in the west and the tip of teeuthern part of the Namib desert that covers a small area
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in South Africa while the summer rainfall region in the eastern and central interior is
represented in the by the mostly summer rainfall N&@&@o biome, the Savanna biome in

the north and easthe Grassland biome and the Gariep desert (Cowling et al. 1997;
Rutherford et al., 2000; Rutherford et al., 2006; Neumann and Bamford, 2015). The south
eastern part of the country where rain falls at any time of the year is the area within the
Fynbos biore for example where Klasies River is located in Fighige(Hall et al., 2014).

These biomes are climatically distinct (Rutherford et al., 1997).

Sibudu Cave falls within the summer rainfall region and the present day climate of the
Sibudu area receives average summer rainfall of about 750 mm and an average winter
rainfall of about 250 mm; with humid and hot summers that have mean January (mid
summer) temperatures of 28°C and mean July (midinter) temperatures of 170° C
(Wadley, 2001; Wadley and dabs, 2004). The area is therefore one of high summer
temperature and rainfall (minimum temperaturéand maximum 33°C with about 1000
mm per annum) and mild winters (minimum temperaturCl#nd maximum 25°C) (Bruch
et al., 2012). The high summer prgtation is due to the southward expansion of the easterly
winds which carry moisture from the Indian Ocean on to the mainland while warm winters

are caused the Warm Agulhas Current that transports heat from the ocean (Bruch at al. 2012).
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Figure 3.2 Vegetation map of South Africa showitfge 8 biomes of Mucina and Rutherford
(2006)andthe location ofSibudu Cave anthe archaeological sites mentioned in the:t#)
Bushman Rock Shelter, 2) Border Cave, 3) Sibudu Cave, 4) UmhlatazanasesCRBttage,
6) Klasies River Mouth, 7) Pinnacle Point, 8) Blombos Cave and 9) Diepkloof Cave.

3.1.3 Local vegetation

The varying climates of South Africa play a key role in determining the composition of South
Africads fl ora ( Rus aftremerftianeddSowght Afrieal has,five 3pgatialty) .
dominant biomes (Fynbos, Succulent Karoo, Ndfaeoo, Savanna and Grassland) and three
biomes with a small geographic extent that is the Desert, Forest and Albany Thicket biomes
(Rutherford et al., 2000; Rherford et al., 2006). The biomes are defined on the basis of the
most dominant plant life form and are climatically distinct (Rutherford, 1997). Sibudu cave
falls within the Indian Ocean Coastal Belt bioregion a region that stretches from the east
coastof South Africa near Port Elizabeth through Mozambique to East Africa and lies
specifically in the TongalanBondoland phytogeographical regitmat stretches along the
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east coast of South Africa from the mouth of the Limpopo River in Mozambique to Port
Elizabeth in the south (Cowling and Hiltdraylor, 1997; Wadley and Jacobs, 2004; Fig.
3.2). The Tongaland?ondoland Region is a subtropical regional vegetation mosaststiog

of subtropical forests, thicket, savanna and grassland (Cowling and-Mdsdor, 1997; Fig.

3.2). Because its forest extent covers a very small, the TongBandoland Region is
included in the Savanna biome (Cowling and HHfaylor, 1997; Ruterford et al., 1997).
Therefore, this part of the greater Indian Ocean Coastal Belt that lies in South Africa is part
of the Savanna biome. Its subtropical forests consist of five main types of forest described as;
undifferentiated lowland forest, sanddst, dune forest, swamp forest and fringing forest by
(Moll and White, 1978; White, 1983).

This forest vegetation is defined as the KwaZulu Natal Coastaltfgslis a part of
the Indian Ocean Coastal Belt bioregion and together with the Cape Coessalféom the
KwaZulu-Cape Coastal forest mosaic ecoregion in the eastern and southern parts of the
country (Fig.3.2) (Mucina and Rutherford, 2006; Olson et al., 200hese forest patches are
categorised in the subtropical Coastal Forest biome (refewrad Tropical and subtropical
Moist Broadleaf Forests by Olson et al. (2001)) and represent the southernmost limit of the
coastal forests of East Africa and are recognised as forming part of the Forest biome of South
Africa, a biome that is made of up etattered forests as islands along the eastern and
southern margins of South Africa within larger biomes such as the Fynbos, Albany Thicket,
Grassland and Savanna (F&2 and clearly illustrated in Fig8.2B for the eastern margin)
(Mucina et al., 2006)Because of this, the transition between forests and adjacent biomes is
abrupt (Neumann and Bamford, 2015).

The Sibudu area generally falls within the undifferentiated lowland forest on the
border of Coastal and Riverine Ecozones (Wadley, 2001; Wadleyauubs, 2004) that is
referred to as Coastal Forest by Acocks (1988) and Riverine Ecozone by Grant and Thomas
(1998). Sibudu is therefore within the Forest biome. The forest at Sibudu is generally
evergreen with proportions of deciduous and seesiduousspecies occurring particularly
on the forest margins (Wadley, 2004; Wadley and Jacobs, 2006) and it develops from just
above sea level to about 300 m a.s.| where rainfall is usually greater than 700 mm and
temperatures are not extreme (Wadley and Ja@6l@gl). The existing original vegetation is
a remnant of the original more extensive forest and the cave site today is partially hidden by

the remnant forest on the steep slope (Wadley and Jacobs, 2004, 2006).
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Local flora at Sibudu has been described bydi&fa (2001) and Wadley and Jacobs
(2004). They report that the forest has a diversity of taxa including canopy species such as:
Celtis africana (Celtidaceae)Celtis mildbraedii(Celtidaceag)Millettia grandis (Fabaceae)
Albizia adianthifolia (Fabaceae) Harpephyllum caffrum(Anacardiaceae),Ficus lutea
(Moraceae) Ficus natalensigMoraceae) Ficus sur(Moraceae) Ficus ingens(Moraceae)
Croton sylvaticus (Euphorbiaceae) Vepris lanceolata (Rutaceae) Zanthoxylum davy
(Rutaceag Calodendrum capeng@&utaceag subcanopy species such @gclea gerrardii
(Rutaceae)Rawsonia lucidgAchariaceag)Diospyros natalensi¢Ebenaceae)Cryptocarya
woodii (Lauraceae)Ochna natalitia(Ochnaceag)Sideroxylon inerméSapotaceag)orest
margin species such a€lerodendrum glabrum(Lamiaceae) Dichrostachys cinerea
(Fabaceae)Rhus chirindensigAnacardiaceag)Rhus gueinzi{Anacardiaceae)Crotalaria
pallida (Fabaceae Vangueria randii(Rubiaceaeand woody liaas and climbers suchs
Asparagusspp, Capparis tomentosgCapparaceag)Cissus fragilis(Vitaceae) Rhoicissus
digitata (Vitaceae) Rhoicissus tomentos@Vitaceae) Dalbergia armata (Fabaceade and
Dalbergia obovatgFabaceae Many of these were observed during fieldwork in April 2014
at the shelter and several were selected for phytolith analysis.

3.1.4 Human activities

Agricultural activities have influenced the current vegetation at Sibudu (Wadley, 2001;
Wadley and Jacob2004). The existing forest at Sibudu is a mere remnant as extensive
deforestation to plant sugarcane has reduced the original forest and sugarcane plantations
extend up to the edge of the cliff above the cave with the remaining forest spared because the
rugged steep cliff on which it stands is not useful to farmers (Wadley, 2001; Wadley and
Jacobs, 2004). However, this remnant forest is also under threat from encroaching exotic
species, harvesting for firewood, stripping of tree bark for traditional nmedi&nd illegal

sand miners (Wadley, 2001; Wadley and Jacobs, 2604¢st patches in KwaZulu Natal are
indeed reported to be critically endangered because of agricultural practices, building damns,
excessive water use for irrigation as well as local atgilon for forest products (Mucina et

al., 2006).
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3.2MSA Sediments at Sibudu: stratigraphy and age chronology

The deposits at Sibudu are excavated in four separate 50 cm quadrants within a one metre
square each i.e. squares A, B, C, D, E (BigB) (Wadley, 2001; Wadley and Jacobs, 2006).
There is a permanent datum line painted on the wall of the cave and depth of each excavation
layer is measured from the datum line (Fi§5. Sediment deposits at Sibudu are
predominantly anthropogenic and are maflenaterial such as ash, abundant charcoal and
bone and provide evidence for human settlement (Pickering, 2006; Goldberg et al., 2009).
Ash is a major component of Sibudu sediments and in parts of the shelter hearths are built up
on top of each other (Waalf and Jacobs, 2006). A mineralogical analysis of the sediments
surrounding the hearths indicated ash as the major component of MSA layers at Sibudu
(Schiegl et al., 2004)The mineralogical study suggests that phytoliths are an important
component of theediments and that the phytoliths and mineralogical composition of the ash
deposits in the hearths are similar to those in the surrounding sediments (Schiegl et al., 2004).
This provided evidence for the extent to which burning was conducted at the thitiravi

places destroyed after use and therefore numerous hearths that are not visible may occur at
the site (Schiegl et al., 2004; Schiegl and Conard, 2006). Therefore, remnants of hearths and
plant ash deposits form a considerable part of the MSA setfirt@hiegl and Conard, 2006).
Because of this, mineralogical compounds such as calcium carbonate, apatite and gypsum
occur in the sediments (Schiegl and Conard, 2006). At Sibudu, MSA occupation sediment
layers lie directly below the Iron Age layers andrétfiere no Later Stone Age remains are
present at the site and several hiatuses occur within the MSA layers (Wadley and Jacobs,
2006).

a) Stratigraphy

The site is excavated by natural stratigraphy and the Sibudu stratigraphy is complex but
generally clear wh thin coloured layers that have palimpsests of hearths and ash lenses
occurring in them (Wadley, 2001; Schiegl et al., 2004; Wadley and Jacobs, 2006; Pickering,
2006) (Figured.3). All the older layers have clear and conventional colours compared to the
younger layers that are more complex with numerous ashy layers that have various colours
(Wadley and Jacobs, 2006; Pickering, 2006). The layers at Sibudu have therefore been named
according to the most conspicuous colour of the predominant matrix and sometimes they do
not take into account the mottling observed in the younger layers (less than 60,000 yrs)
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(Wadley and Jacobs, 2006). Stratigraphy of the differently walls at Sibuthdtaso far

been excavated at the time divided into a northern and eastern stratigraphy are described in
detail in Wadley (2001) and Wadley and Jacobs (2004, 2006) with the name and
abbreviations assigned to each layer as in FiguseHowever, in summar in the layers

older than 60,000 ka, the names are simple and refer to the predominant colour of a clearly
outstanding sediment matrix, for examfe preSB layerLBG is an abbreviation for Light
Brownishgrey (Wadley and Jacobs, 2006). Where the tayare deeper than about 10 cm,

they were split, for example LBG, LBG2, LBG3 and LB&#the botton of the profilé-ig.

3.5, Wadley and Jacobs, 2006).

Naming the layers in the younger layers was more complicated because of the mottling
t hat created several colours and depict t hi
used and then OMOD, GMOD and BMOD were used to indicate that the mottled deposits
have more orange, grey or brown matrix in them respectively (Wadley and Jacobs, 2006). In
some layers, they do not only use the colour to denote the layers but also the chemical
composition. For example, layers that are appended with Sp such as RSp dYe&pparefer
to the speckling of white gypsum within a matrix that is reddish, yellow or brown
respectively (Wadley and Jacobs, 2006). Takle shows an example of this kind of
stratigraphy for the south profile of the C4 square from which phytolith sam@ee taken.
The younger layers (from ~60,000 ka) have bright unusual colours that are thought to be a
result of burning events of plant material but the presence of gypsum and small quantities of
iron and manganese in the deposits may have influencéd cthleuration (Wadley and
Jacobs, 2006). The contact between the different MSA layers is sharp and the ashy layers are

well consolidated unlike those of the overlying Iron Age (Pickering, 2006).
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Figure 3.3: A north profilestratigraphyto illustrate what profiles at Sibudu look likehoto
by the Sibudu team dfniversity of Tubingen
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b) Chronology

Recently obtained Optically Stimulated Luminescence (OSL) ages by Jacobs and colleagues
have provided the age clusters for Sibudu depositslidaet al. 2008a, b) that supersede the
previously published dates of Wadley and Jacobs (2006) that are slightly different. The OSL
ages were obtained from a combination of single aliquot and gyngle analyses of
sedimentary quartz and provide age ®us as weighted mean ages for each occupational
phase at Sibudu i.e. p&B (>71 ka), SB (~7ka), HP (~62) ka, podlP (~58 ka), late MSA

(~48 ka) and final MSA (~38 ka) (Jacobs et al., 2008a, Jacobs et al. 2008b). 338 pre
industry from the bottonffour layers BS to LBG) followed byhe SB (wo layers RGS2 and
RGS),the HP (five layers PGS to GR)the postHP (25 layers YA2 to BSp),the late MSA

(12 layers YSp to PB) andinally the final MSA (five layers, Mou to Co) at the top (Wadley

and Jacob, 2006; Wadley, 2006 Table 3.1 shows these layers and their associated ages
from the preSB to postHP where the phytolith samples were taken fromarethe focus of

this study. As excavations continue these layers may vary in publications thatefbllow
Wadley and Jacobs in 2006 and few more layers are mentioned in Wadley et al. (2011). The
postHP layers are the thickest and consist of ~ 28 layers (Jacobs et al.,, 2008b). The
chronology supports that occupations at Sibudu seem to have been retdtorélyut intense

and are punctuated by long hiatuses (Jacobs et al., 2008b). The last three phases were
separated by two occupational hiatuses and their duration is estimated to be 10 ka for the
hiatus between po$tP and late MSA and 9 ka for the hiahetween the late MSA and final

MSA (Jacobs et al., 2008b). These hiatuses are not geologically recognisable as well as the
hiatus between the upper most MSA layer and Iron Age (IA) which is of a longer duration
(Jacobs et al., 2008b).
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Figure 3.4 A) Sibudu Rock shelter wall facing the figati River (Wadley et al., 20L,1B)
Excavation Plan of the excavations led by Lyn Wadley (Wadley & Jacobd; 20&dley et
al., 2011) indicating sques C2 (one samplel;4 (26 samplesand C5(one sampleyhere

samples for phytolith analysis were collected.
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Fig. 3.5: Stratigraphy of the south profile of square C4 where 26 of the 28 samples were take
from the extreme left side of the wall (Wadley, pers. comm 2013).
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Table 3.1: Sibudu Stratigraphy fosquareC4 South profileshowing layers in which samples
used in this presestudywere obtainegdtheir OSL ages and lithic designation (Wadley and
Jacobs, 2006; Jacobs et al., 2008dl) samples were taken froayers insquare Cdapart
from the twosamples from the laye@PCA2 andBS8 thatweretaken from squaseC2 and

C5respectively

SampleNo.; Layer abbrv. Layer name OSL age in Ka Lithic

Depth (cm designation

below main

datum)

367; 269 SPCA 2 Cametcoloured postHowiesons
or greywhite Poort (postHP,
sand that contain informal)
calcium carbonate

1; 278 Iv Ivory (white ash)

2; 282 BM Black Magic
(black ash)

3; 287 Y ash Yellow ash in P 59.0+£2.2
(Pox)

4; 291 BP Brown Pox

5; 295 Su Sulphur

6; 298 Sp Speckled

7; 302 Ch Chocolate

8; 304 White on Ch2 Chocolate 2

9; 309 Ch2* Chocolate 2 58.3£2.0

10; 313 BG mix* Brown/Grey mix 58.2+2.4

11; 322 PhD H PhD hearth is ¢
hearth within
BG/Mix

12; 335 Br Under YA Brown under
Yellow Ash

13; 342 Br Under YA2 Brown under
Yellow Ash 2
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14; 348 H1 in Br Under Hearth 1 in
YA2(i) Brown under
Yellow Ash 2(i)
15; 354 H1 RB Hearth 1 in Howiesons
ReddishBrown Poort (HP,
formal)
16; 360 GR Grey Sand
17; 364 GS2 Grey Sand 2 63.8+2.8
18; 367 GS3 Grey Sand 3
19; 373 PGS Pinkish-grey Sand 64.7+2.3
20; 379 PGS 0
21; 384 PGS2 Pinkish-grey Sand
2
22; 391 BL (Black lens)  Black lens Still Bay (SB,
formal)
23; 397 RGS Reddishgrey 70.5+2.4
Sand
24; 403 LBG* Light Brownish 72.5+2.5 pre-SB
grey (informal)
25; 411 LBG2* Light Brownish  73.2+2.7
grey 2
26; 420 LBG3(ii) Light Brownish
grey 3
27; 420 BSS8 Brown Sand >77

*Layers with OSL dateim the south profilare in bold(Jacobs et al., 2008a,.b)
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CHAPTER FOUR

MATERIALS AND METHODS

4.0 Field-based sampling and Laboratorybased analyses

4.1 Sampling of sediments

Sediment samples for phytolith analysis were collected from Sibudu Cave in March 2011 by
Angela Bruch. Exposed MSA sediments from visually discernible layers in sqDay€x}

and C5 (Fig.3.4B in Chapter 3 were scraped at the surface to remove contaminan.
sediment amples werecollected following a column sampling approdcbm the extreme

left of the soth wall of the C4 squard-(g. 3.4B) andt h e wteafigiajdhyg is indicated in
Figure3.5 and rames of stratigraphic layers aadtimated ages are in Taldel (in Chapter

3). One horizontal sample frote layer BS8 (Table.1) that 5 contemporaneous with the
oldestsample LBG3 (ii) in square C4 at 420 cm was taken from the bottom of the adjacent
square C5 south profile at 420 cm (F84B) for comparison between contemporaneous
sediments in different squares. Another sample that was analysed in this study was from a
younger posHP layer SPCA 2 from the square C2 at a depth of @é6®elow the main
datumand is the youngest sample in this study (BigB). Sediments were scooped and
placed in labelled plastic bags from each stratigraphic layer sampled @lab&hapter 3

and the samples were transported to the Evolutionary Studies Institute at the University of the
Witwatersrand were they were stored.

4.2 Collection of voucher specimens and the rationale

Plant specimesifor phytolith reference slides weoellected frommature plants ithe gudy

area during field work in April 2014 with the expertise of Prof. Marion Bamford and Dr.
Christine Sievers and transported to the Evolutionary Studies Institute and stored in the
herbarium Collection of the vouchespecimens generally focused on plant taxa that have
been identified by other botanical studies in the MSA record of Sibudu Earénstance,
because sedges (Cyperaceae) were identified in the Sieedud (Sievers, 2006013;

Wadley et al., 2011), thiew sedge species found growing alanglose tahe Tongati river

below the cave were collected and were supplemented by more sedge specimens of a bigger

collectionof mature sedgefsom the Free State province that is housed at the Evolutionary
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Studieslnstitute herbarium (Tablé.1). A total of 33 sedge species were studied all of

them had their inflorescence (achen€Bable 4.1). The impetus to make a wide sedge
phytolith reference collection was because no detailed sedge phytolith referdecaocol
exists for South Africa and this study sought to make this contribution to provide more
certainty in identifying phytoliths morphotypes in the MSA sediment record. Only five
species of Cyperacedmm South Africahave been previously analyséa their phytolith
composition (Cordova and Sc@010).Grasses (Poaceae) and fgyass taxa mainly forest
woody taxa that were identified in the MSA charcoal and seed record of Sibudu (e.g. Wadley,
2004; Allot, 2005; 2006;) growing around Sibudu and in the Springside Nature Reserve in
KwaZulu Natal weresampl@. At the time of this study, there was no modern reference
collection for the eudicot plants of South Africa (see Esteban, 2016) and it was therefore
important to create one especially for woody taxa that were an important component of the
MSA of Sibudu Schiegl et al., 2004; Allott, 2004). A total of 19 grass species and 42 eudicot
species that are mainly wood¢0) were studied (Tabled.2 and 4.3 respectively). An
extensive grass phytolith reference collection exists for South Africa (Rossouw, 2009) and
this current study sought to make grass phytolith reference collection that is study area

specifici Sibudu Cave.

The family Juncaceae (rushesgome of which occur at Sibuddnas been included in
this study of South African sedge phytoliths (Tabhl&) because its species are sometimes
confused with sedges (Haines and Lye, 1983) and, because morphological, anatomical and
phylogenetic studies have found sedges to be more closely related to rushes than they are to
grasses (Metcalfe, 1971; Jones et alQ720Chase et al., 2000). They also occupy similar
habitats and are used for similar economic purposes (Van Wyk and Gericke, 2000). More so,
Juncusfruits were previously thought to have been identified in MSA deposits at Sibudu
(Wadley et al., 2011), butossibility of their utilisation by early humans at the site has not
been completely ruled out (Sievers, 2013). However, the production of diagnostic phytoliths
in Juncaceae is not clear and remains generally ambiguous (Pearsall, 2e60p,F2006;
Murungi et al., 201y and Iriarte and Paz (2009) found no diagnostic morphotypes in the
three species that they analysed. Three species of Juncaceae were studied 1T &bleall
species studied, replicate specimen were not processed hpwbkgarmore tha one sample
of a species was available, samples were taken from the different specimen of the species and
mixed together for a good representation of the phytolith produddeplicates were not
done since samples were collected from individuals growirder the same environmental
conditions. They will have to be done with similar individulas from a different population.
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This is a necessary step because some phytolith morphotypes have been found to vary within

a species and this has been associated difttrences in environmental factors (Piperno,

1998).

Species Sedges Abbreviation Sampling Slide
area No.

Bulbostylissp. Bu.sp Pullen farm, Cyp32
Mpumalanga

Bulbostylis burchelli  Bub Herbarium Cyp 37
no. 85

Cladium mariscus Clm Mpumalanga Cyp 26

Cyperus albastriatus Cya Sibudu Cave SIB 14

Monocot

Cyperus denudatdis ~ Cvd Herbarium — Cyp 8
no. 15

Cyperus rigidifolius Cyr Herbarium Cyp9
no. 22

Cyperus fastigiatus Cyf Herbarium Cyp 11
no. 2

Cyperus Cyh Herbarium Cyp 12

haematocephalus no. 23

Cyperus obtusifloris  Cyo Herbarium Cyp 13
no. 24

Cyperus semitrifidus  Cys Herbarium Cyp 14
no. 25

Eleocharissp El.sp Herbarium Cyp5
no. 3

Eleocharis caduca Elc Herbarium Cyp 6
no. 13

Eleocharis dregeana Eld Herbarium Cyp 15
no. 26

Fuirenapubescens Fup Herbarium Cyp 16
no. 28

Fuirenasp 1 Ful Pullen farm, Cyp 30
Mpumalanga

Fuirenasp 2 Fu2 Pullen farm, Cyp 27
Mpumalanga

Kyllinga pulchella Kyp Herbarium Cyp7
no. 14

Kyllinga erecta Kye Herbarium Cyp 18
no. 32
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Kyllinga sp.1 Kyl Sibudu Cave SIB 27
Monocot
Kyllinga sp.2 Ky2 Pullen farm, Cyp 31
Mpumalanga
Mariscus congestus  Mac Herbarium Cyp 4
(syn: Cyperus no. 8
congestup
Pycreus macranthus Pym Herbarium Cyp 19
no. 33
Pycreussp. Py.sp Sibudu Give SIB 29
Schoenoxiphium Scs Herbarium Cyp 2
Ssparteum no. 40
Schoenoplectusp Sc.sp Pullen farm, Cyp 29
Mpumalanga
Schoenoplectus Scc Herbarium Cyp 38
corymbosus no. 74
Schoenoplectus Scml Herbarium Cyp 39
muricinux® no. 75
Schoenoplectus. Scn? Herbarium Cyp 22
Muriculatus no. 37
Scirpoides burkei Scb Herbarium Cyp 24
no. 38
Scleria natalensis Scn Sibudu Gve SIB 17
Monocot
Scleria wood Scw Herbarium Cyp 25
no. 39
Unidentified Cypl Sibudu Give SIB 23
Cypereceaesp. 1(later Monocot
added toCyperus see
chapter 5 unde
Cyperus.
Unidentified Cyp2 Sibudu Gve SIB 30
Cyperaceaep. 2(later Monocot
added toCyperus see
chapter 5 unde
Cyperus.
Species rushes
Juncus exertus Ju Herbarium Cyp 20
no. 30
Juncus oxycarpus Juox Herbarium Cyp 21
no. 31
Juncuseffuses Jud Sibudu Cave SIB 20
Monocot

*Analysed for their phytolith morphotypes but not counted.
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Table 4.1: Voucher sedgdCyperaceaepand rush(Juncaceaeplant materials collected in
KwaZulu Natal, Mpumalanga and those housed at the Evolutionary Studies Institute
herbarium from the Free State. Plant pavese analysed for their phytolith content as a
wholefrom each specimefie. all had achenes and cdmand/or leaf blades).

Subfamily Species Slide No. Part
analysed
Aristidoideae Aristida sp. SIB 7 C LI
Monocot
Arundinoideae Phragmites australis SIB 19 C Ll
Monocot
Chloridoideae Dactyloclenium sp. SIB 16 C Ll
Monocot
Eragrostis superba SIB 4 C Ll
Monocot
Eragrostissp. SIB 24 C Ll
Monocot
Fingerhuthiasp. SIB 11 Whole plant
Monocot
Sporobolus africanus SIB 18 C L
Monocot
Panicoideae Digitaria sp. SIB 10 C Ll
Monocot
Digitaria sp. 2 SIB 21 C L
Monocot
Hyparrhenia hirta SIB 28 C L
Monocot
Melinis repens SIB 25 C L
Monocot
Monocymbium ceresiiforme  SIB 6 C LI
Monocot
Odontyletrumsp. SIB5 C, L
Monocot
Oplismens sp. SIB 26 C LI
Monocot
Panicum maximum SIB 8 C 1
Monocot
Setariapallide-fusca SIB 13 C LI
Monocot
Sdaria megaphia SIB 22 C LI
Monocot
Pooideae Agrostissp. SIB 12 C 1
Monocot
Unknown Unidentifiedgrass SIB 3 C, L
Monocot
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Table 4.2: Voucher grass (Poaceaplant material collected frorthe area around Sibudu

Caveand the plant part analysed = Culm, L = Leaves, | = Inflorescence.
Slide  Family Species Plant Part
No. habit analysed
31 Achariaceae Rawsonia lucida Woody L, W
8 Anacardiaceae Protorhus longifolia Woody L, W
14 Apocynaceae Carissa bispinosa  Woody L, W
19 Apocynaceae Taberna@montana  Woody L, W
ventricosa
6 Asteraceae Brachylaena Woody L, W
discolour
15 Cannabaceae Celtis africana Woody L, W, F
36 Celtidaceae Celtis mildbraedii Woody L, W
38 Ebenaceae Diospyros natalensis Woody L, W
16 Euphorbiaceae Macaranga capensis Woody L, W
39 Euphorbiaceae = Acalypha glabrata  Woody L, W
41 Euphorbiaceae Clutia pulchella Woody L, W
44 Euphorbiaceae = Acalypha sonderiané Woody L, W
17 Fabaceae Albizia adianthifolia Woody L, W
23 Fabaceae Baphia racemosa  Woody L, W
32 Fabaceae Schotia bracypetala Woody LW
37 Fabaceae Millettia grandis Woody L, W
40 Fabaceae Dichrostachys Woody L, W, F
cinerea
42 Fabaceae Acacia ataxacantha Woody L, W
35 Lamiaceae Tetradenia riparia  Herb L, W
45 Lamiaceae Clerodendrum Woody L, W
glabrum
10 Lauraceae Cryptocarya woodi  Woody L, W
4 Meliaceae Ekebergia capensis Woody L, W
7 Meliaceae Trichilia emetica Woody L, W
21 Moraceae Ficus polita Woody L, W
26 Moraceae Ficussp. Woody L, W
30 Moraceae Ficus ingens Woody L, W
33 Moraceae Ficus sur Woody L, W
20 Myrtaceae Eugenia capensis  Woody L, W

56



22 Myrtaceae Syzygium cordatum Woody L, W

34 Ochnaceae Ochna natalitia Woody L, W
28 Phyllanthaceae  Bridelia micrantha  Woody L, W
1 Podocarpaceae  Podocarpus Woody L, W
latifolius
24 Rhamnaceae Ziziphus mucronata Woody L, W
27 Rubiaceae Vangueria infausta Woody L, W
25 Rutaceae Teclea gerrardii Woody L, W
29 Rutaceae Vepris lanceolata ~ Woody L, W
5 Sapindaceae Deinbollia Woody L, W
oblongifolia
2 Sapotaceae Mimusops obovata Woody L, W
13 Sapotaceae Sideroxylon inerme  Woody L, W
a7 Urticaceae Obetia tenax Woody wW
11 Vitaceae Rhoicissus Herbaceous L
rhomboidea
12 Vitaceae Rhoicissus Herbaceous L
tomentosa

Table 4.3:Voucher eudicot plant specimens studied from Sibudu cave and Springside Nature
Reserve in KwaZulu Natal indicating their family and the plant parts analysed. L= leaves,
W= wood, F= fruit.

4.3 Extraction of phytoliths from modern plant material

Phytolith analysis of the modern voucher specimens to make reference slides and of MSA
sediments was conducted in the palynology laboratory at the Evolutionary Studies Institute,
University of the Witwatersrand.he plant parts analysed for each specier@nindicated in
the Tables 4.1, 4.2 and 4 Several studies have used dififgrextraction methods to study
phytolith morphotypes produced in plants (Rovner, 1971; Pearsall, 1978, 2000; Piperno,
1988; Runge, 1995; Albert et al., 1999; Albert and Weip@01; Parr et al., 2001). There are
mainly two methods that are used to extract phytoliths from plant material: 1) dry ashing and
2) wet oxidation (acid digestion) (Pearsall, 2000; Parr et al., 26@derno, 2006).
Comparative studies by Pearsall (2008y &arr et al.,, (2001) demonstrated that the dry
ashing technique is reliable at temperatures below 600°C. This study employed a
combination of the dry ashing and wet oxidation method to extract phytoliths from the
voucher plant specimenBor sedges, thimitial weight of plant material targeted wag but
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material used varied between @ &nd 1 gram subject to availabilityg was targeted for the
grasses and after washing and drying, most samples ranged betwgen 0.9 g while 1 to

3 g was usedof the eudicot plantdhe plant parts of given taxa were processed together in
this studyto mimic what the archaeologicegécordwould look like as several plants were
likely used as a whold&srass infloresences were extracted together with the leaves/culms as
they have been found to generally produce similar sets of grass short cells, only that
infloresence tend to produce more rondels compared to leaves (Novello and Barboni, 2015).
The procédure involved oven dryingf freshly washed (quickly rinsed in soap solution and
sonicated for 30 minutes) plant material at 105°C for 24 hours. The dried material was
weighed and placed in porcelain crucibles and ignited in a muffle furnace at 500°C for 8
hours to break down the organic matter of the plant material. The samples were transferred to
50 ml plastic tubes and washed in about 5 ml of 10% hydrochloric acid (HCI) to remove
carbonates, followed by about 20 ml concentrated nitric acid @ild@d plaed in a water

bath for about 3 hours or until all the remaining organic material was digested (solid
potassium chlorate (KCKDP was added as a catalyst). The residue left was dried in acetone
and weightedWhenever possible naequalfraction of phytolitls from drysample for each

plant groupwas mounted on microscopslides with glycerol and observed under the
microscope at x400 magnification. The remaining phytolith fraction was stored in Eppendorf

tubes.

4.4 Extraction of phytoliths from archaeologicd sediments

Fossil phytoliths were extracted from sediment samples using a combination of standard
procedures described in Piperno (1988, 2006), Pearsall (2000) and Thorn (2004). The
procedure involved weighing approximately 4g of sediment fandhe few samples that

were slightly lumpy, gently spread ounto finer particles in a crucible. The samples were
placed in 50 ml plastic tubes and Sodium bicarbonate (NaH®&s added and shaken with

a manual shaker for 30 minutes to disaggregate the vario@saihand organic constituents

of the samples. They were centrifuged for 5 minutes at 3500rpm and treated with 10 ml of
10% HCI at about AT in a warm water bath to remove carbonates, then centrifuged and
decanted and washed taréimes using Millipore waterApproximately 3 to 5 ml of
concentrated nitric acid (HN{pwas added to each sample and placed in a hot water bath to
digest the organic material until the reaction stopped. Potassium Chlorate;}K@added

as a catalystThe samples were then sieved through a 250 mesh sieve into 500 hflGihd
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ml beakersn orderto removesand and larger particleBom the sampleTo remove clays

from the remaining sampl®illipore water added to the 250 ml mark in the 500 ml beakers
and tothe 500 ml mark in the 1000 rbkakers, stirred and left to stand for the silts to settle
for about 1 houror sa The supernatant was decanted and the procedure repeated several

times until the supernatant was clear.

The residue was placed in cefitge tubes and centrifuged at 3500rpm for 5 minutes
to remove excess water. 10ml portion of heavy liquid of Sodium Polytungstate Solution
(SPTS) at a density of 2.3 was added to the centrifuge tubes and centrifuged at 4000 rpm for
5 minutes to float the ptoliths. The floating phytolith material was carefully removed at the
top of the test tube with a Pasteur pipette and transferred to another clean centrifuge tube.
This procedure was repeated until no floating material was visible. Millipore water wexs add
to each test tube containing the phytolith extracts in a ratio of 3:1 and vortexed to mix the
heavy liquid and water. This lowered the density to less than 2.3, allowing phytoliths to settle
at the bottom of the test tube. The samples were then cgettifat 4000 rpm for 10 minutes
and the supernatant decanted. The procedure was repeated twice to remove all the heavy
liquid from the phytoliths. The remaining fraction containing phytoliths was dried in acetone
by centrifuging each samph 4000 rpm twie or thrice. An almost equal phytolith fraction
was obtained from the dry material and wasunted on microscopy slides with glycerol.

4.5 Phytolith identification, classification and counting

For both the modern reference material and archaeologidahent samples, enumeration of
phytolith morphotypes was done on mounted microscope slides observed under x400
magnification using ar©lympus BX51 light microscopenounted with a camerdor the
sedge voucher specimens, it was aimed to raactaximum o#00 phytoliths per slide, for
grasses it wasimed to reaci200 per slide while for the MSA sediments it was 300
phytoliths per slide. Therefore the number of phytoliths couiethe endacross slides
generally ranged frona minimum of400 toa maximum of450 for sedges phytolithg,
minimum of 200 to 250 for grasses aadminimum of305 to maximum 413 the MSA
sediments A minimum of 200 phytoliths has been recommended as sufficient to obtain
reliable information (Albert and Weiner, 2001)oWever, a minimum of 400 was used for
sedges as a count of 200 was often reachigkhin few fields of view because of the

abundance of the characteristic camaped phytoliths appearing as if no other phytolith
59



types were present. It was realised thatwhecount of 400 was used, the other phytolith
morphotypes that they produce were encountdfedthe MSA, 300 phytoliths were targeted
because with only 200 of all morphotypes, grass silica short cells appeared to be more under
representedsrass phytoth morphotypes were identified according to the voucher specimens
used in this study and different available published data (e.g. Twiss, 1992; Mulholland, 1992;
Alexandre et al., 1997; Piperno, 2006; Barboni and Bremond, 2009; Rossouw, 2009;
Cordova, 2013Novello etal., 2012; Neumann et al., 201while nonrgrass phytoliths were
identified according to Piperno (1989), Ollendorf (1992), Bozarth (1992), Runge (1999),
Albert et al. (1999), Piperno (2006), Bamford et al. (2006), Mercader et al. (Fa8jlez
Honaine et al. (2009) among others as well as the voucher specimens. Phytolith data from
this study is presented as counts and percentages and microphotographs of phytolith
morphotypes are presented in the thesis.

4.6 Description of phytolith morphotypes and taxonomic interpretation

Phytolith morphotypes observed in the sediments and voucher specimens are described below
(Table 4.4) based on the standard descriptions of Madella et al. (2005), other published
literature and on my own observations. The description is based on the morphological
features that include shape, size and surface texture and identification to the lowest
taxonamic level possible. Major phytolith morphotypes observed in the sediments and
voucher specimens are described below based on the standard descriptions of Madella et al.
(2005), other published literature such as Twiss et al. (1969); Twiss, (1992); Fredidnd
Tieszen, (1994); Alexander et al. (1997) and on my own observations. The description is
based on the morphological features that include shape, surface texture, sometimes size and

identification to the lowest taxonomic level known possible.
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Table 4.4 Summary of the main phytolith morphotypes and uniaephotypes identified in

modern plant voucher specimens and archaeological MSA sediments from Sibudu and their

morphological description or anatomical origin, and taxonomic attribution

Phytolith morphotypes Description Main lllustration | References
(Morphological or taxonomic (In Chapter
anatomical structures) attribution 5&7)
Acicular hair cell/ | Needle Poaceae Fig. 5.2a | Kaplan et al.,
Scutiform shaped/Point aw-ax 1992;
shapedshield Fig. 7.2c | Madella et
shaped am al., 2005; Lu
et al., 2006
Blocky parallelepiped Thick  four- | Eudicots, Fig.5.1c & | Eudicots:
sided phytolith Cyperaceae h; Fig. | Albert, 2000;
in which | Poaceae 5.3b t-v; Mercader et
opposite side Fig. 7.2c: | al., 2009.
are parallel asav Cyperaceae:
Fernadez
Honaine et
al., 2009;
Novello et
al., 2012;
This study
Bulliform cells T | Cuneiform Poaceae Fig. 5.2a | Twiss et al.,
cuneiform or | shaped ang auvav;, Fig.| 1969; Twiss,
parallelepiped parallelepiped 7.2c an 1992
shaped
Bulbous structures Phytoliths with| Eudicots, Fig. 5.1d | Madella et
(Some aresclerieds) round enlargeq Cyperaceae w-ac; Fig.| al., 2005.
bulbs at the 5.3c eh Eudicots:
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end Mercader et
al., 20009.
Cyperaceae:
this study.
Bilobate-shaped cong Articulated Observed only Fig. 5.1a | This study
phytoliths 1 leaf/culm | cones thal in  Bulbostylis| an
type cones appear likel sp.
two lobed| (Cyperaceae)
phytoliths,
sometime with
more than twg
lobes
(polylobate).
Not easy to
separate from
the grass
bilobate.
Coneshaped i leaf/culm | Conical, Cyperaceae Fig. 5.1la | Metcalfe,
type cones widest at the o-aq 1971,
base ang Piperno,
tapering to the 1989;
apex. Apices Madella et
can be pointe( al., 2005;
or round or Fernadez
truncated anc Honaine et
bodies smoott al., 2009
or with
satellites
Cones 1 achene typel Hexagonal o1 Cyperaceae Fig.5.1b Ollendorf et
(fruit) polygonal al., 1987,
cones with Piperno,
smooth or 1989;
stippled Standley,
surfaces (i.e. 1990;

62



0scrobi Ollendorf,
of Madella et 1992;
al., 2005). Piperno,
2006;
Fernadez
Honaine et
al., 2009
Cork aerenchyma Perforated Woody taxa Fig.5.3c & | Collura and
plates - b; Fig. 7.2c: | Neumann,
Tabular bf? 2016
silicified
tissue, various
shapes  with
irregular
perforations
Cystoliths Large Woody taxa Fig. 5.3a |- | Bozarth,
spherical ang y 1992
elliptical Fig. 5.3b:
phytoliths with &)
a verrucate o
tuberculate
surface.
Sometimes
they have &
stalk
Echinate platelets Plates with| In this study in| Fig. 53b: | In other
(Celtis bodies) echinate Celtis africana) k-p Celtis
surface on ong only species:
side, the othe Bozarth,
side smooth 1992;
with irregular Piperno,
outlines 2006; Iriarte
and Paz 2009
Elongate dendritic Longer than it Poaceae Fig.5.2a at| Piperno,
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is wide with

2006;

dendritic Novello and
margins T Barboni,
finely 2015
branched
Elongatepsilate or Longer than No taxonomic| Fig. 5.2a | Runge, 1999:
echinate wide value, occur in ao Thorn, 2001;
rectangular monocots  ang Piperno, 200€
rods with| eudicots.
psilate or | In this study,
echinate they are
margins generally
associatedwith
monocots.
Elongate cells Several Cyperaceae Fig. 5.1d: | Eleocharis
(Cyperaceae type) articulated (Eleocharis st Fernadez
long cells| Fuirena) Honaine et
forming two al., 2009; this
sets of paralle study.
rows that are Fuirena this
interconnected study
Elongate Articulated Monocots. Fig. 5.1d | Carnelli et
crenate/pilate/columellate | elongate cell§ In the current| ad, g; Fig.| al., 2004
epidermal plates that have g study: in some 5.2a agas
dented margin| Cyperaceae
or club-shaped (crenate/pilate
or rodtlike | margin)  and
processes some Poacea
sometimes (columellate
appearing margin)
contorted
Epidermal anticlinal cells | Phytoliths that Eudicots Fig. 5.3a | Piperno,
resemble ai-an 1988, 2006;
jigsaw puzzle Bozarth,
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pieces with 1992;
wavy Mercader et
undulating or| al., 2009
sinuous  cell
walls,  often
multicellular
Epidermal polyhedral | Silicified 4-8 | Eudicots Fig. 5.3a | Bozarth,
cells sided g-k 1992; Albert
epidermal and Weiner,
cells, often 2001;
multicellular Stromberg,
2003;
Bamford et
al., 2006;
Mercader et
al., 2009
Epidermal polyhedral | The same typq Eudicots i | Fig.5.3a ] | Stromberg,
cells  (with attached as above bu Ficusleaves 2003
6verrucate gthe cells arglIn this current
infused  with| study, also see
silica particles in Millettia
creating a grandis
verrucate (Fabaceae) by
appearance, | with less
multicellular | silicification,
therefore lesg
verrucate
surface
Hemispherical and| Unique Cyperaceae Fig. 5.1d: I- | Scleria
spherical echinulate | elliptical, (Sclerig r Metcalfe,
bodies hemispherical | Fuirena 1971; This
and spherical study.
phytoliths with Fuirena
a granulate Bamford et
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surface often
in pairs with

convex ends

al., 2006

Hair bases Spheres with g Eudicots i | Fig. 5.3a | Piperno,1988,
circular appear u-z; Fig. | 2006;
protuberance | diagnostic in| 5.3d i-n? | Watling and
in the centré | some familieg Iriarte, 2013
often in this study’
embedded e.g. Celtidacea
with cystoliths | and Moraceae

Polyhedral cavate Polyhalral Celtis africana] Fig. 5.3a | Collura and
epidermal cellg (this study),| e-f. Neumann,
with a central Celtis Fig.5.3c ¢- | 2016; This
cavity  often| mildbraedii d. study
multicellular | (same type in

both  species
but C.
mildbraedii has
another unique
type, this
study)

Polygonal epidermal cells| Flat hexagona Only in| Fig. 5.1b: | This study

(Cyperaceae) cells that car| Scirpoides al-am
appear netlikg burkei
and like| (Cyperaceae)
articulated
cones in side
view,
multicellular

Irregular /sub  globular | Irregular to| Only in Celtis| Fig. 5.3b: | This study

granulate subglobular | africana g-s
bodies  with
numerous
grainlike
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projections

Globular psilate Spherical Eudicots, Fig. 5.3a | Piperno,
phytoliths with| mainly woody| a-d 1988; Kondo
a smooth ol taxa et al., 1994,
subsmooth Albert, 2000;
surface Mercader et
al., 2009;
Iriarte  and
Paz, 2009
Sub-globular/irregular Unique Similar to| Fig. 7.2a: | Cordova anc
spherical Restionaceae | p-v (some| Scott, 2010;
bodies type? Somg are likely | Esteban et al.
sometimes may be sedges| sedge 2017.
irregular, cones). Restionaceae
surface IS Fig. 7.2b |- Esteban
lightly w-al. pers.comm,
granulate 2015.
produced
similar to
those produce(
by
Restionaceae
GSSCi bilobate With two lobes| Poaceae Fig. 5.2a | Twiss et al.,
(Panicoideae, | am 1969;
Aristidoideae) Fredlund and
Tieszen,
1994; Lu and
Liu,  2003;
Madella et
al., 2005;
Piperno,
2006; Fahmy
(2008)
GSSCi cross with four lobes| Poaceae Fig. 5.2a | Pearsall,
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one at each o (Panicoideae) | o-t 2000;
its ends, Piperno,
sometimes 2006;
three lobesg Novello et
only al., 2012
GSSCi polylobate cylindrical Poaceae Fig.5.2a n | Twiss et al.,
with more than (Panicoideae) 1969;
two lobes Madella et
linearly al., 2005;
arranged Rossouw,
2009;
Mercader et
al., 2010;
Collura and
Neumann,
2016
GSSCi rondel Various - | Poaceae Fig. 5.2a | Fredlund and
mainly ab-am Tieszen,
trapezoidal 1994; Lu and
phytoliths with Liu,  2003;
circular base Bamford et
top keeled, tog al., 2006;
truncated, Novello et
conical, al., 2012;
horned towers Cordova,
2013
GSSC- saddle Saddle squat | Poaceae Fig. 5.2a | Twiss et al.,
convex edgey (Chloridoideae) v-aa 1969; Luand
longer than Liu, 2003;

concave edgeg
Saddle tall i
concave longe
than  convex

edges, Saddl

Piperno, 200€
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plateau -
trapezoidal

with a saddle
base and ¢

smaller saddle

like top
Stomata i Cyperaceae| Elongate Cypereceae Fig.5.1dj | Carnelli et
type domeshaped al., 2004;
subsidiary Watling and
cells that lie Iriarte, 2013
parallel to the
stomatal pore
Stomatai eudicot type Dicot type| Eudicot Fig. 5.3a | Carnelli et
6STO DI aaae; Fig.| al., 2004
Carnelli et al., 5.3d h
2004:
cells with pore
in the centre
Gappear
spheriic
personal
description
Stomata 7 Gramineae | One of| Poaceae Fig. 5.2a | Carnelli et
type Gramineae bc al., 2004
type (h}
GRAMO?
Carnelli et al.,
2004
Tabular elongate Thin and flat,| Monocots, Fig. 5.2a | Madella et
much  longer eudicots ap al., 2005;
than wide,| In the current Bamford et
margin psilate study mainly in al., 2006;
or echinate grasses an Mercader et
sedges al., 2009
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Tracheids Silicified Woody Fig. Bozarth,

tracheary eudicots, 5.2abd; 1992; Runge.
elements with Monocots Fig. 5.3c i- | 1999; lIriarte
spiral J; Fig. 7.2c: | and Paz2009
thickenings or bg

rings, straight

or branched

4.7 Statistics

4.7.1 Correspondence Analysis (CA): modern grass phytolith morphotypes

It has been suggested that CA is the most appropriate multivariate ordination method for
comparing associations (columns) that containing counts of taxa (mgppkbtand rows
containing the counted taxa (plant specimens) to deal with the major issues of multiplicity
and redadancy (Neumann et al., 201TA was used to determine the relationships between
modern grass phytoliths and known environmental and gerfetiors (Barboni and
Bremond, 2009; Rossouw, 2009). It was therefore used to determine similarities within the
morden grass phytolith morphotypes by classifying grass species into different vegetation
categories in the ordination diagram that signifie®m@mic and climatic preference of each
vegetation category. Species that are similar in morphotype composition should appear close
in the satter plot (Neumann et al.,, 201The CA used was that of the statistipabgram

PAST (Hammeet al.,2001). Thescatter plot was presented in Figdr2ein Chager 5. The

raw countsof individual phytolith morphotypes in grasses are indicated in the Appendix of
the thesis in the Tabke4.
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4.7.2 Quantitative and Qualitative analysis: modern sedge phytoliths anglidicot
phytoliths

Percentages of individual phytolith morphotypes in Cyperaceae were determined using
Microsoft Excel and the data is shown in the Appendix of the thesis in Adbl€one size

ranges of each sdege species are illustrated by a box and whisker plbtlignd in Table

A2 in the appendix together witheir silica contentPhytolith morphotypes in eudicot plants

were enumerated qualitatively following the categomescribed in Wallis (2003) and

Watling and lIriarte (2013) with some modification. The categories are: Abundant (A): a
number of phytoliths observed in the majority of fields of view; Common (C): a small
number of phytoliths observed in multiple fields déw; Rare (R): a small number of

phytoliths observed with most fields efew containing no phytolith§Watling and Iriarte,

2013). These results of this qualitative analysis are presented in5CalmeChapter 5. The
modification that this study madewva t hat of scanning the whol e
| east five transectsd6 and therefore even w

encountered in the whole slide it i s recorde

4.7.3 Construction of the archaeological phytolith assembige diagram

To ease interpretation, the percentage phytolith data from the archaeological samples was
displayed in a histogram (Figufél in Chapter ¥ obtained using the computer program
TILIA (Grimm, 2007), version 1.7.16. The horizontal axis of thstdgram shows the
phytolith morphotypes and their frequencies (%) while the vertical axis shows the depths
(cm) of the different layers from which the different samples were obtained and their

estimated age.

71



CHAPTER FIVE

PHYTOLITH ANALYSIS OF SELECT PLANTS FROM THE SRZ OF SOUTH
AFRICA

5.0 Introduction

This chapter presents results obtained from the analysis of phytoliths in modern voucher
specimens constituting 97 plant species represegiimdant families that was conducted in
order identify thephytolith types produced by plants typical of the summer rainfall region of
South Africa. The 97 species consist of 33 sedges, 19 grasses, 3 rushes and 42 eudicot species
and these were used as a reference to aid identification and interpretation afdteeSibne

Age phytolith reord of Sibudu Cave (Chapter seye®f the 27 families, Cyperaceae and
Poaceae (monocots) yielded the most abundant and distinct phytoliths. Cyperaceae produced
the diagnostic conshaped and achene phytoliths, and paralleégbiplocky phytoliths
among others, while Poaceae mainly produaggass shoitell phytoliths. Juncaceae
(monocot) yielded types that are rdiagnostic, mainly elongate and tracheid phytoliths that
were abundant in only one species while phytolith prodoctiaried within species of the
same family in the woody and nevoody taxa (eudicots) studied. However, eudicot families
that generally showedgood phytolith production were:Moraceae, Celtidaceae,
Euphorbiaceae, Podocarpaceae, Fabaceae and Myrtdeedeots generally produced
various phytolith morphotypes such as epidermal ground mass (multicellular polyhedral and
anticlinal epidermal cells), globular types, hair bases, tracheid elements, stomata, cystoliths
and irregular bodies. The Cyperaceae phytatiiorphotypes are illustrated in Figufeda-

5.1d, the Poaceae morphotypes in FBgRaand the dicots in Figh.3ai 5.3d. More images

of phytoliths eudicotspecimens studied here are in the appendix. The appendix shows the
data sheets of the relatiffrequenciesand row countsf various phytolith morphotypes in the
Cyperaceae and Poaceae specimens analysed (Pdbiesl A4 respectively). Tabl&.1in

this chapter shows the occurrence and abundance of phytolith morphotypes in the eudicot

specimens.
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5.1 Phytolith morphotypes in the family Cyperaceae (Sedges) and Juncaceae
(Rushes)(Fig. 5.1a- 5.1d)

Results from the analysis of 3pecies of sedges show that ceshaped phytoliths are
common in most species but can be hardly represented in a few species, with other
morphotypes such as achene phytoliths, stomatal complexes, and tabular and/or blocky
parallelepiped morphotypes beingetmost dominant. Some genera studied here produced
known achene type phytoliths in their achenes that are sometimesspeuifec. These
genusspecific achene phytoliths were observed in species previously not studied that have
been moved by taxonomisteom one genus to another, providing further support for the
taxonomi stsé6é classification. The gener al S i
morphotypes in each species are presented below according to their genus. The relative
frequencies of sept morphotypes in each species are detailed in Pdbénd cone sizes and

silica content of each speciase shown in Tablé2 in the appendix.

5.1.1 Silica content

The silica content ranged from negligible to 2% in the samples analysed. The origgtal we

of samples used ranged from 0.1 to 1.0 grams with only five species weighing above 0.5
grams. OnlyKyllinga sp. Schoenoplectus muriculatuSchoenoplectusp. andScirpoides
burkeigave silicaabove 1%. Most of those wittegligiblesilica content (final silica weight
below 0.001 gramsthe limit of the scale used in this stjdyave a sufficient amount for
analysisthat matched the final weighised for the resapart fromCyperus fastigiatysC.
semitrifidus all the Juncusspp ard Kyllinga pulchellathat all left an extremely small
amount for analysisCyperus denudatysBulbostylis humilis Eleocharis dregeanaand
Schoenoplectus decipieledt nothing requiring a repeat of the procedure. This repetition was

not possible foB. humilis due to insufficient amount left of the original herbarium specimen.
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5.1.2 Phytolith description
Bulbostylis

In the two species analyseBubostylissp. andB. burchellii leaf cones were the most
abundant in their phytolith assemblage with 95.5% and 72% respectively @Bbl8oth
species have two variants: those that anéculated andconvex on both sides creating a
bilobatépolylobatelike or bulbousappearance and are haut satellites (Figs.1a a-nin B.
sp) and those that appear as ordinary cones with rounded bases with satellited émin

B. burchelli). There is a visible variation in their assemblages as the articulated biibate
phytoliths are more capicuous and abundant B. sp. and rare irB. burchellii Other
morphotypes observed occur in very small numbers such as articulated tracheid elements
(1.2%), elongate psilate (0.9%) and parallelepiped blocky psilate (0.998) sp. and
parallelepiped licky psilate (9.5%) and elongate psilate (6.8%lBirburchellii Polygonal
cones typical of sedge achenes (here after generally referreddioea® ghytolithswere not
observed in these species. Plates waititulated cells that amlongatewith crenate or pilate
marginsthat were not in theotal count were observed in both species (bidd a-d, g). The
cell margins are sometime®ntated. Ging forward, these plageare referred to here as

6el ongapéatesidat e

Cladium mariscus

The nost abundant morphotypes in this species werdythieal leaf cones witlarticulated

and isolated tyigal leaf cones contributing 62.9% and 26.2% respecti{ily. 5.1a p, g

Table Al). Various lereids that look like bulbous structuresre common in this species
contributing 4% (Fig5.1d: w). Other types such as silica skeletons with cones only (1.9%),
silica skeletons made up of cones with other morphotypes (1.5%) and elongate psilate (1.5%)
occur in small numbers (Tabkel). Diagnosic achene phytoliths were not observed in this

species, but it haarticulatedpolyhedral cells (Figs.1b: ai).

Cyperus

Of the nine species analysed, isolated and articulated typical leaf cone phytoliths were the
most abundant morphotype @yperussp. 1 (92.5%)Cyperussp. 2 (69.3%)C. albastriatus
(63.9%),C. semitrifidus(62%) andC. obtusifloris(48.3%) (TableAl). Note: Cyperussp. 1
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and 2 were initially 6uni 4lleGhapterfiibedode plplphe r a c e a
analysis.The other four species produced leaf cones in lower amounts contributing less than
30% of their phytolith assmeblage (27.7%0nfastigiatus 23.8% inC. rigidifolius, 20.4% in
Mariscuscongestusand 19% inC. haematocephalygTable A1). These cones dCyperus
species are illustrated fig. 5.1a: ri w. However,C. fastigiatusand C. rigidifolius had the

most abundant parallelepiped blocky morphotypes with 37.5% and 18.5% respectively (Fig
5.1c a, b. All the nine species produce achene phytoliths (5ifjb: a-t) albeit in small
amounts of mostly 2.4% to 6.7%, apart fr@n congestug77.8%), C. haematocephalus
(71.2%) andC. semitrifidus(33.4%). It is also these three species that have the biggest leaf
cones inCyperus(Fig. 5.1e Table A2; Fig. 5.1a:riw) and appear unigue i@. semitrifidus
(squared lightly echinate or smooth margins with large or minute apkdes)theachenes of

C. semitrifidushave conspicuously large apices (FdLb: g-s), a character only seen in this
species All the speciesanalysed produce achenestwit a st i ppl ed surface
Madella et al., 2005)ypical of Cyperus(Piperno, 1989) though not always exclusively (Fig.
5.1b: a-f, o, g-s) apart fromC. haematocephalus, C. fastigiatasd C. denudatughat had
acherswith psilate surfaces only witechinatemargins or sometimes broken margins (Fig.
5.1b: g-n). It was because of the presence of these achene phytoliths with stippled surfaces
that the previously unidentified Cyperaceae 1 and 2 in Té4ldlevere added to the genus
Cyperus Cyperus denudatusardly yielded very little silicaluring extraction and phytolith
counting was not done as phytoliths were extremely saardgr the microscopélowever,

it was made umf achene phytoliths with psilaturfaces, echinatmargins and decorated
apices thatppear echinate in finer foc(Big. 5.1b: g-i), a character that was only seen in

this speciesIn side view, these echinate apices look dénd(Fig. 5.1b: h). Facetate

phytoliths occur in som€yperusspecies e.g. Fidg.1c t-u.

Eleocharis

Four species were analysed in this genus. Articulated and isolated leaf cones were highest in
the specie€. caduca(55.8%) andE. dregeana(17.7%) but are hardly present i cf.

limosa (1.5%) andEleocharissp. (0.8%) (TableAl). However,Eleocharissp. has several
line-like anticlinal structures that can sometimes give a -sbaged impression that
accounted for 9.8% of the assemblage counted &g n-q). They often appear like thin

lines butsometimeghey are fully silicified bodies with these lines along the bodyese

structures ocur in all the species in loamounts and ife. dregeanahey adhere to blocky
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parallelepiped phytoliths (Figh.1c f). The assemblage @&. sp., the least almgdant cone
producer, was dominated by stomata complexes that account for 25.4% of the assemblage
(Fig. 5.1d k). The stomata complexes are sometimes made up of stomata, long sinuous cells
and cones. It also seems to be the only species that producesksletans that are made up

of cones only (16.7%kE. cf. limosaanother of the low corghaped phytolith producers, was
dominated by parallelepiped blocky psilate phytoliths in its assemblage (72.6%),Bwvhile
dregeana E. caducaand E. sp. produced 169, 13.4% and 9.8% respectively of
parallelepiped blocky psilate phytoliths (Fi§.1c c-f). They all produce parallelepiped
blocky sinuate phytolith types in very low amounts mostly less than 2% (Adhle

E. dregeanawas dominated by articulated elotgacells (31.4%), several appearing like
plates whose margins are lined with minute pores or serrations that are likely to be cones and
were grouped under O6silica skeletons made u
bl ocky or t rfaucsheeiesgredice silkd skeletorts @ith elongate cells arranged
in parallel rows (Fig5.1d s) in very low amounts and although they were not encountered in
the total count oE. cf. limosathey are also presemichene phytoliths wergenerallynot

present in species of this genus howeterdregeanaseems to producmorphotypes with

this polygonal shap& very small amounts (2.9%) but they appear faistif with low
silification (Fig. 5.1b: X). The two species that produced a meaningful amnofutoneshaped
phytoliths to allow the set number obne measurements i.&. caducaand E. dregeana,

gave a range of 4.52 t0 9.99 um and 4.25 to 12.51 um respectively, making them the smallest
cones in albedgespecies examined in this studyid. 5.1e; TableA2 in appendix).

Fuirena

Fuirena pubescensontributed only 15.7 % of leaf cone phytoliths whHieirena sp.
produced up to 45.6% leaf mes in its phytolith assemblagéhe two species produced
60el ongapé atkhanphytolgh assemblages that were the most domptaytolith
morphdype inF. pubescenéFig. 5.1d b-d, g). F. pubescenand theF. sp. had up to 55.6%

and 27.4% respectively of these plates inrtpaytolith assemblage. The crenptates inF.

sp. were sometimes beset with large spherical bodies5Rig.d) that are bases of hair cells
when seen in finer resolution (Fig.1d €) and another type of irregular hair bases (bigd:

f). Species in this genus are also marked by silica skef@tias that often appear like
dissolved articulated elongate cells that in fine focus are often arranged in parallel rows

similar to those irEleocharisspecieqFig. 5.1d: t). No achene phytoliths were observed in
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either species. They also produced otpbytoliths types such as silickedetons, blocky
parallelepipedand tabularFig. 5.1¢c g-i), elongates and hairs in small amounts apart from
Fuirenasp. that has the highest percentage of hairs seen seddjespecies analysed in this
study (TableAl).

Juncus

Three species of this genus were analysdedffususJ. exertusand J. oxycarpus Of the
three, onlyJ. effususgproduced a substantial amount of phytoliths and is made up of 60%
tracheid phytoliths in its assemblage (TahlB. It also produces elongate phytoliths (25.8%)
and a few unclear silica skeletons with several thigadstrands.J. exertusvas generally
devoid of phytoliths but an elongate and blocky phytolith were seen Wwhibeycarpusad a

few tracheid phytolts mixed with elongate phytoliths. The few ronrdbehped morphotypes

in Juncus effusuthat are not always clearobably due to low silicificatiomvere thought to

be a possible contamination.

Kyllinga

Four species oKyllinga were studiedK. pulchellg K. erectaand two unidentified species
referred to here ak. sp. 1 andK. sp. 2. Leaf cone phytoliths were the most common
morphotype in species 1 and 2 (77.3% and 82.3% respectivelyKwsiih 1 having isolated
cones as the highest contributor to twerall cone percentage (67.5%) whilesp. 2 has
articulated cones as the highest contributor at 57.6% (TAbJe On the other hand.
pulchella and K. erectaproduced fewer leaf cones (20.6% and 17.8% respectively) with
parallelepiped blocky morphqgtgs well represented in them (24.6% and 36.0% respectively)
while they were less frequent in species 1 and 2 (1.8% and 5.6% respectively). Silica
skeletons made up of cosbaped phytoliths only were only presenKinpulchellaand K.

erecta Various othe types were present in the four species such as silica skeletons,
articulated cones with elongate cells on their base, elongate psilate and stomata in small
amounts (TabléAl). Achene phytoliths were observedKnsp.1 (5.5 %) and. pulchella
(2.8%) whle a broken achene was seenKinsp. 2 and no achenes were recorded in the
counts ofK. erecta(Table Al). The achene phytoliths had stippled surfaces similar to those

in Cyperus(Fig. 5.1k w) and the few irK. pulchellawere lightlystippled.The small amount
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of achene phytoliths in these species should be treated with caution as it is most likely
associated with the small amount of achene structures available for analysis compared to

other sedge genera.

Pycreus

P. macranthugndP. sp. showed variations in their phytolith assemblaBe macranthusvas
dominated by 43.9 % of parallelepiped blocky phytoliths, followed by cone phytoliths
(14.5%) of which isolated cones contribute only 2% (Bida x-z). A few articulated cones

can appear talar echinate but cone impressions on their surface are visible5(Ewy.z).

Silica skeletons composed of various phytoliths occur in much lower amounts @Bble
Importantly, P. macranthusproduced stippled achene phytoliths that are elongate shaped,
occurring either isolated or articulated (Flb: y, 2z) that look similar to some of the
CyperugKyllinga achened e | o nphyaotithes Gn Cyperus congestu@-ig. 5.1b: b, e, f).
Rarely do tleir surfaces appear psilate (Fllb: aa). Sclereids that look like rculated
bulbous structures were also observed in its assemblage5(Edy.x). On the other hand,
Pycreussp. is dominated by cone phytoliths (69.1%) with the articulated amrgsbuting

the biggest percentag®3.3%) with elongate psilate and parallelepiped blocky phytoliths
(Fig. 5.1c j) contributing 12.7% and 10.3% respectively (TaBlk). Both have silica
skeletons and cones with elongate cells on their base each comgriless than 2.5% to the
counted assemblage. Both spediase lightly facetatg@hytoliths in their assemblagéBig.

5.1c r, s). P. macranthuseems to produce a few globular psilate phytoliths but these were

not considered during the count.

Schoenoplectus

Four species were studiefl; corymbosus, S. muricinux, S. muriculandS.sp.but those in

S. muricinuxwere only observed and not count&d.corymbosuwas dominated bpulbous
structures and othearge bulboudike hollow structureqseveral bulbous are sclereidaat
were grouped together (45.5%, Figld y-aa) followed by cone phytoliths (38.9%), while
cone phytoliths were the most predomintyge in S. muriculatusand S. sp. (71.3% and
78.5% respectively). Other conom morphotypes observed were parallelepiped blocky

phytoliths (12.2%) and elongate phytoliths (12.1%$irmuriculatusThey all produce other
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morphotypes that occur in very small amounts (Taklg. S sp. has large bulbous like
structures similar to those seen $1 corymbosugontributing 5.7%(Fig.5.1d: ab) The
abundance of bulbous structuresSincorymbosus underestimated as the abundant isolated
globular phytoliths were not counted; only thkelbous with an articulated larger appearance
were counted (Figh.1d: y-aa). These globular phytoliths mostly appeared bulbous and were
thought to be part of the bulbous structur8s.muriculatusandS. muricinuxare some of the
species with cones thappear big with most cones measuring above 13 pum giving a range of
5.07 to 27.41um (Figh.1a aa-ai) while those measured B sp.ranged from 5.52 to 18.20

um (Fig. 5.1e Table A2). Some articulated cones $ muriculatusand S. muricinuxappear
rectangular forming what looks like elongate tabular phytoliths with echinate margins (Fig.
5.1c acard Fig. 5.1c ai respectively. Some isolated corghaped phytoliths is. muricinux

are truncated, appearing rondel shafféd. 5.1a ad, ae) and some have echinate margins
(Fig. 5.1a af, ag). The species analysed in this genus do not seem to produce achene

phytoliths but an achene shaped phytolith was encounte&dmariculatugFig. 5.1b: ah).

Schoenoxiphium sparteum

The phytolithassemblage was mainly characterisedeay cones i.earticulated typical leaf

cones (34.2%) and silica skeletons with cones only (15.6%), and isolated typical leaf cones
(8.7%). It produces achene phytoliths that have slightly echinate margins andatiose
entire margins (4.7%) (Figh.1b ad-ag) that contribute 4.7% to its phytolith assemblage.
Other morphotypes observed were articulated or isolated parallelepiped blocky psilate/sinuate
phytoliths (8.9%), articulated or isolated elongate sinuate/pqi8a2%), hairs (5.5%), cones

with other cells (5%), articulated cones with elongate cells on their base (2.2%) and tracheid
phytoliths (1.5%), (TableAl). Most of the cones measured were bigger than 10um and
ranged from 5.48um to 21unkig. 5.1 TableA2).

Scirpoides burkei
This species appears to have the least diverse morphotypes and is represented almost entirely

by leaf/culm cone phytoliths that account for 97.3% of its phytolith assemblage. The only
other type observed are large structures madefumique articulated polygons that can

79



appear nelike with pointed edge@-ig. 5.1k al) andin side view look like aticulated cones
(Fig. 5.1b am).

Scleria

Three species of this genus were analysgderia sp., S. natalensisand S. woodii
Articulated and isolated typical leaf cones were the most abundant morphotypinand

S. natalensig83.1% and 62.5% respectivellfjg. 5.1a aj-am). S. woodiiproduced only
13.9% of leaf cones12.9% of which were articulated cones. Instead siBkaletons
consisting of parallelepiped blocky phytoliths with other morphotypes mainly cones; and
articulated parallelepiped blocky/tabular phytoliths (Fglc m) were the most abundant
morphotypes inS. woodiicontributing 31.4% and 22.4% respectively addition, silica
skeletons with unidentifiable cells accounted for 14.7% of the assemblage and it produced the
other morphotypes such as elongate phytoliths in very small amounts ABbl8. woodii
andS. sp. al so pr oduc epated (©.8% and h6%erespectieety)asimaar to
those seen ifruirena species. However, the platesSnwoodiiare beset wittelliptical and
sphericalgranulate/echinulate bodies that seem heavily infused with shica $.1d g).
These bodies also occur orethown in bothS. natalensiand S. woodiiand theelliptical
granulate bodies i. natalensisire often articulated with two or more bodi€gg( 5.1d |-

n). Similar lightly decorated herspherical convexbodies and spherical bodies, often

occurring in pairs, were observedSnnatalensi¢Fig. 5.1d o-r).

S. natalensisalso had some types of what appeared to be two articulated cones lying in
parallel to another set of articulated conemy.(5.1d u, v). This arangement of cones was
only seen in this specieS. natalensiand S. sp. also appeared to have clearly truncated
cones especially iB. natalensisa character seen in only a few species analysed in this study
(Fig. 5.1a aj). In terms of cone siz&.sp. had the largest cones with most of those measured
larger than 14um and ranged from 5.76 to 25.76um, tho& matalensisanged between

6.17 and 15.85um while there were hardly any isolated cones to measirvaod (Fig.

5.1e TableA2). It is not always easy to decipher which cones have satellites on them in all
the specimens analysed in this study®u8p. has conspicuous satellites on both isolated and

articulated cones giving some cones an echinate appeafagcs.{a ak-am).
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Figure 5.1a:Leaf/culm cone phytoliths that are bilpoly-lobatelike in Bulbostylissp a-n
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Figure 5.1aContinued

Figure 5.1a Leaf/culm conephytoliths: o Bulbostylis burchellii p-q Cladium mariscusr
Cyperus congestus C. haematocephalys-w C. semitrifidusx-z Pycreus macranthus

82



Figure 5.1aContinued

Figure 5.1a: Leaf/culm cone phytoliths aa-ac Schoenoplectus muriculatusad-ai

S.muricinuxaj Scleria natalensisak-am Scleriasp.,an-aq Scirpoides burkei
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20 pm

Figure 5.1b: Achene phytoliths/polygonal conea:Cyperus albastriatysb-f C. congestus
(syn. Mariscus congestysg-i C. denudatugh is a high resolution 0§ andi is the side

view), j C. fastigiatusk-n C. haematocephalus-p C. rigidifolius, g-s C. semitrifidus
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Figure 5.1b Continued

Figure 5.1b: t-v Unidentified Cyperaceae ¥ Kyllinga sp. 1, x Eleocharis dregeanay-aa

Pycreus macranthys ab-ac Pycreus sp, ad-ag Schoenoxiphium sparteumah
Schoenoplectus umiculatus Polyhedral epidermal cellsii Cladium mariscusaj Pycreus
macranthusak Cyperus semitrifidual-am Scirpoides burkei
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Figure 5.1c: Parallelepiped blocky and tabular phytolithes:Cyperus fastigiatusb C.
rigidifolius, c-d Eleocharis caducae E. dregeanaf E. cf limosa g-h Fuirenasp, i F.
pubesceng Pycreussp, k-1 Scleria natalensism Scleriawoodi Epidermal structuresi-o
Eleocharissp, p-q E. caduca Facetatdodies:r Pycreussp, s P. macranthust-u Cyperus

rigidifolius.
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Figure 5.1d: articulatedelongate crenate/pilatpidernal plates a Bulbostylis burchellii b
Fuirena pubesceng-f Fuirenasp (d is embedded with spherical bodies that are hairs as

seen in fine focus ie and another type of irregular hair bases)irg Scleria woodii(beset

with granulate bodiesh S.sp.Stomatai Scleria natalensig S. woodij k Eleocharissp.
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Figure 5.1d Continued

Figure 5.1d: Echinulate ellipticalhemispherical and spherical bodiés: Scleria natalensis
Elongate cells arranged in parallel row$leocharis dreageriat Fuirena pubescengones
in parallel:u-v Scleria natalensis Bulbous structures (some sclereidg)Cladium mariscus
x Pycreus maranthysy-aa Schoenoplectus corymbosuab Schoenopletus sp., ac

Schoenoplectus muricinux
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longest axis of the base) from sampled cones in each species. The mean values (midlines),

Figure 5.1e:A box and whisker graph showing the estimated cone size ranges (length of the
standard errort (boxes) asthndard deviation (whiskers) are given for each of the species
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5.2 Phytolith morphotypes in the family Poaceae (grasse@igure 5.2a)

Phytoliths were observed in all of the 19 grass species studied that represent four grass
subfamilies. All species were characterised by grass short cells that are typical for grasses and
are illustrated in Fig5.2a Nonshort cell phytolith morphotypescourred in insignificant
amounts in all species studied and examples of such morphotypes are showb.ReFige
common morphotypes in each species and subfamily are presented below. Unless otherwise
stated, percentages described here are those sfgiras cell phytoliths only. The graphs in
Figs.5.2b, 5.2¢ 5.2d show the relative abundance of grass short cells in each grass species
and overall subfamilyTheir % of dry silica is shown in Tablke3 of appendix and it was

above 5% in only one species. Oplismenussp. The raw countsof grass morphotypes in

each species and subfamily are detailed in TABlen the appendix.

5.2.1 Aristidoideae

This subfamily was represented by okstida sp. and its assemblage is made up of lobates
(79.7%) androndels (20.3%) (Figh.2b, 5.2c). The lobates were made up of; 44.9% bilobates
with short shanks and convex ends (BSCVX) (FBga b), 27.5% bilobates with long
shanks and convex ends (BLCVX) (Fig2a:c) and 7.2% of trapeziform bilobates (BT).

5.2.2Arundinoideae

This subfamily was represented by one speciBiragmites australis which in terms of
grass short cells only, was made up of 93.5% rondel and 6.5% saddle phytolitfis2lF-ig.
5.2d). The other nomgrass short cell morphotype observedtihe count was the tabular
echinate (Fig5.2a ap) which contributed only 1.5% his species is made up of all kinds of
rondelsi those that are saddlée, those that are conical, those that appear horned and those
that are truncated (Figh.2a acak). Horned rondels (Figh.2a ad, ae aj) were most
conspicuous in this spesi@and were often tall (those thaere sampled ranged from 15 to
19.94um in height). Its conical rondel§.Qa: ak) were also tall measuring up to 126% in

those sampled. The saddlesPhragmites australigire illustrated in Fig5.2a v-y and often

appear plateauess inv.
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5.2.3 Chloridoideae

Overall, the Chloridoideae subfamily was represented by rondel phytoliths (60.1%), followed
by saddles (SAD(20.2%) and lobates (19.7%) (Fig2h). Other tharFingerhuthiasp., all

the other species were dominated by rondel phytoliths ébtylocteniumsp. having an
equal amount of rondels and saddle phytoliths in its assemblage (50.2% and 49.3%
respectivey, Fig.5.29. Eragrostis superb@and Sporobolus africanuare largely represented

by rondel phytoliths in their assemblage (96.4% and 89.3% respectively) with saddles (SAD)
occurring in much smaller amounts of 3.6% and 8.3% respectively2ig.z, aa). Saddles
(SAD) were only common iactylocteniumsp. (49.3%) anderagrostissp (41.3%) (Fig.

5.29. On the other handingerhuthiasp. was dominated by lobate phytoliths up to 81.1%
(Fig. 5.29. These lobates are composed of mainly crosses (46.1%p(E&o-qg) andit also

has special crosses that arestihped [§, ), a character only seen in this speciésvas
followed in abundance bhgilobateswith generally long shanks ammbncave margins and
those with straight margins (BLCVE, BLSM) (35%), foltled by rondels (18.9%) with no
saddle phytoliths in the count.

5.2.4 Panicoideae

Panicoideae grasses produce abundant lobate morphotypes (69.1%), followed by rondels
(30.4%), few saddles (0.4%) andapeziform sinuate (0.1%) (Fid.2b). Bilobates are
therefore the most dominate morphotype in eight spetite 10 species studied (Fig29.

The remaining two speciesSetaria pallidefusca and Panicum maximundisplayed a
different tendencySetaria pallidefuscahad bilobates that arin equal numbers as rondels
each being almost 50% with 1.4% of trapeziform sinuate phytoliths Wailécum maximum

was dominated by 91.1% of rondel phytolithgh only 8.9% of crosses th&dok like small
bilobates (Fig.5.2a t, u; Fig. 5.20, that sonetimes appear trapezoidal (Fi§.2a u).
Panicoideae grasses were made up of all types of known lobates but the mmasindypes

were crosses (15.1%bjlobates with short shanks and convex margins (BSCVX) (15.6%)
and bilobates with short shanks withncave margins (BSCVE) (14.6%) (Fi§.2a d-h;

5.2d). The other bilobate types occur in smaller amounts: bilobates with long shanks with
concave margins (BLCVE) (7.4%), bilobate trapeziform (BT%), (Fig. 5.2a i-k), bilobate

short shanks with straight margins (BSSM) (3.6%), bilobate with generally long shanks with
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convex margins (BLCVX) (2.8%), bilobate nodular (BN) (1.6%; E@a |, m), polylobate
(POLY) (1.6%; Fig.5.2a n) and bilobate flared margins (BF) (0.19%0lylobate phytoliths
(POLY) (Fig.5.2a j), were only observed in this subfamily and are very rare across the
species and were only common Melinis repenscontributing 13% of its assemblage.
Bilobate nodular phytoliths (BN) (Figh.2a |, m) were als rare across the species but
appeared more pronouncedNtelinis repenslt is only in Melinis repenghat two bilobates

with a toothed or serrategidth margin were observed and these were added to those with a

concave margin.

5.2.5 Pooideae

This family is represented by only akgrostissp. Its phytolith assemblage is made up of
lobates (44.1%), rondels (40.1%), saddles (11.9%) and trapeziform sinuate (4%)2E;ig.
5.29. The lobates are 23% bilobates and 21.1% crosses, with bilobates witbhsinks and
convex margins (BSCVX) being the most abundant bilobate type (1F&f05.2a:a) and

other types occur in small amounts.
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Figure 5.2a: Bilobate short and long shank convex enasAgrostis sp. (Pooideag)b-c
Aristida sp. (Aristidoideae) Bilobate short shank concdmetchedends:d-f Monocymbium
ceresiiforme(Panicoideae)g-h Fingerhuthia sp. Bilobate trapeziform:i-j Monocymbium
ceresiiforme k Panicum maximuniPanicoideae)Bilobate nodulari Odontelytrumsp., m
Setara megaphyllgPanicoideae)Polylobaten Setaria megaphyll§Panicoideae)Crosses:
o-g Fingerhuthiasp. (p andq areunique Hshaped crosses)s Monocymbium ceresiiforme
t-u Panicum maximuniPanicoideae)Saddle:v-y Phragmites australigArundinoideae) z-
aa Eragrostis superbdChloridoideae) Rondel:ab Aristida sp, ac-ak Phragmites australis
(Arundinoideae) al Eragrostis superbdChloridoideae)am Agrostis sp. Coneshaped:an

Digitaria sp. 2 (Panicoideae)

Figure 5.2aContinued
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Figure 5.2a: Elongate echinateao Odontelytrumsp. (Panicoideae). Tabular echinadg:

Phragmites australigArundinoideae). Plates with elongate crenate/columellate: cadls
Mellinis repengwith stomata)ar Setaria fusca palliddPanicoideae)as Paricum maximum
(Panicoideae). Dendriticat Agrostissp. (Pooideae). Bulliformau-av Setaria megaphylla
(Panicoideae). Aciculaaw-ax Setaria megaphyllaay-az Panicum maximumirregular:ba
Fingerhuthia sp. Blocky parallelepipedbb Odontelytrumsp. (Partoideae). Stomatabc
Setaria megaphyllé@Panicoideae). Tracheildd Digitaria sp. 2.
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Figure 5.2b: Graph showing the relative dominance of main morphotype categories of grass

silica short cells in each grass subfamily and in the unidentified grass.
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Figure 5.2c: Relative abundance of main morphotypes of grass silica short cells (Lobate,

Rondel, Saddle and Trapeziform sinuate) in 19 grass species of KwaZulu Natal.
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Figure 5.2d: Graph showing the relative dominance of specific morphotypes of grass silica

short cells in each grass subfamily and in the unidentified grass.

5.2.6: Correspondence analysis (CA) among grass morphotypes

Figure5.2epresents results of the CA that was run for only grass short cells phytoliths to
identify similarities among grass species. The first two axes account for 46.2% of the
variability in the data with the first axis (eigenvalue 0.530) explaining 28.9% otothk
variance and the"? axis (eigenvalue 0.317) explained 17.3% of the total variance. The
distribution of morphotypes in the ordination diagram generally depicts the known
relationship between grass subfamilies and their phytolith morphotype casegorie
environmental factors can be indirectly be inferred. It depicts the known separation of
morphotypes among major subfamilies of Poaceae with some deviations i.e. Panicoideae,
Chloridoideae, Pooideae and Aristidoideae while Arundinoideae falls irrdumdant group

as expected. However, Pooideae, Aristidoideae and Arundinoideae are each represented by a
single species. Panicoideae grasses are predominantly identified by lobate phytoliths that are:
cross, polylobate and bilobate of which are: bilobatéh a trapeziform outline, bilobates

with short and long shanks with concave margins, bilobates with short and long shanks with
straight margins, bilobates with nodular shanks, bilobates with flared margins and bilobates

with short and long shanks with mgex margins. Only the Panicoideae spedasicum
97



maximundid not appear in this group and fell in the redundant group that was represented by
rondel shaped phytoliths. On the other hand, Aristidoideae is represented by bilobates with
long and short shaskwith convex margins only. Chloridoideae was represented by saddle
shaped phytoliths iDactylocteniunmsp. anderagrostissp. with the exception @&porobolus
africana and Egragrostis superbathat fell in the redundant rondel category while
Fingerhuthiasp. was grouped with the Panicoideae subfamily. Pooideae, although closely
placed to Panicoideae because of the abundance of bilobates present is placed on its own
because of the presence of trapeziform sinuate phytoliths.

1.8
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_ A /;ﬁ\ristida sp.
1.2 ‘BLCVX
................................................ 0 S Bl rreerrerrrerraeerreeeseesseessaeeseesseees feesaeaseeasaeseeasaaessaes s seenstesaeesseesseasheeseeasseeseeseeesaeeseeassessseeseeesaeeaeenraen
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H henia hirta : *POLY
Agrost/ssp [ ] yparrhenia ig]@ Melinisrepens

e | Trapgziform sinuate ‘BSSM
: : : @ Mondcymbium ceresiiforme

i [Rondel : @Setaria megaphilla

-0.3% mSporobolus africanus CROSS *BYCVE
mEr agro\lsptl s superba getarla pallide-fusca g BLSM BLCVE
061 Phragmitis a Jstral/s’fjm d ent?f?clecdué?argsam m ”m: e Fingerhuthia sp.
Digitaria sp.

-0.9 .................................................... O T e ey ; ........................................... O o

-2.0 -1.6 -1.2 -0.8 -0.4 0.0 04 0.8 1.2 1.6

Axis 1

A Aristidoideae % Arundinoideae m Chloridoideac @ Panicoideae¥ Pooidea

€ Unidentified grass

Figure 5.2e: Shows a scatteplot obtained from correspondence analysis of 14 phytolith

morphotypes (blue) from 19 grass species (black).
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5.3 Phytoliths in the eudicots (mainly woody plants)Figure 5.3ai 5.3d)

The occurrence of morphotypes in the woody plants studied is detailed below inbTable

The main morphotypes are illustrated in Figure8a 5.3b, 5.3c and 5.3d More
morphotypes to further illustrate the variations of these eudicot morphotypes are presented at
the end of the appendix for select speci@se results presented here are from 42 species
from 24 families of eudicots (see Chapter fhuAlthough prodution is variable among
species, eudicots generally exhibit the least phytolith abundance compared to grasses and
sedges. Morphotypes observed in the dicots are mainly globular psilate, hair bases, epidermal
polyhedrals, epidermal anticlinal, bulbous stuues, cystoliths, tracheid elements, stomata,

sclereids, irregular bodies, blocky and a few gespexific bodies.

5.3.1 Phytolith production in eudicots families

Of the species studied, about 77% produced phytoliths Ritbs polita and Ficus sur
(Moraceae) having the highest percentage of silica content by wéigB% and 5%
respectively)and together witlCeltis africana(Celtidaceae)Trichilia emetica(Meliaceae)

and Podocarpus latifoliugPodocarpaceae) appeared to generally have the highest phytolith
abundancy during microscopY¥he only other species to yield silica above 5% of the dry
weight wasClerodendrum glabruniLamiaceae)Other species that exhibited relatively high
phytolith altundance under the microscopevere: Brachylaena discolo (Asteraceae),
Deinbolia oblongifolia(SapindaceaeMimusops obvata (SapotaceaeMacaranga capensis
(Euphorbiaceae), Tabernaemontana ventricosa(Apocynaceae), Eugenia capensis
(Myrtaceae), Vepris laceolata (Rutaceae), Rawsonia lucida (Achariaceae), Celtis
mildbraedii (Celtidaceae)Millettia grandis (Fabaceae)Acalypha glabratgd Euphorbiaceae),
Dichrostachys cineredFabaceae)Clutia pulchella(Euphorbiaceae)Acalypha sonderiana
(Euphorbiaceae),Clerodendrum glabrum(Lamiaceae), Obetia tenax (Urticaceae) and
Syzygium cordatunfMyrtaceae). Those that exhibitaglatively fewer phytolithswere
Acacia ataxacantha(Fabaceae),Diospyros natalensisEbenaceae),Tetradenia riparia
(Lamiaceae) Baphia raemosa(Fabaceae)Rhoicissus tomentos@/itaceae),Cryptocarya
woodi (Lauraceae) anitkebergia capensi@Veliaceae). Species that appear not to produce
any phytoliths or had several tiny silica bodies that offer no taxonomic significance are:
Ochna natalitia (Ochnaceae), Schotia bracypetala (Fabaceae), Vangueria infausta

(Rubiaceae)Teclea gerrardiiRutaceae)Albizia adianthifolia(Fabaceae);arissa bispinosa
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(Apocynaceae)Protorhus longifolia (AnacardiaceaeRhoicissus rhomboideéVitaceae),

Sideroxylon inermgSapotaceaekiziphus mucronatéRhamnaceae).

All species that produced phytoliths consisted of morphotypes that have a consistent
morphology that can be related to a specific plant tissue as in Piperr&) &@0DCollura and

Neumann (207) or that can be clearly defined in the phytolith terms of Madella et al. (2005).
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Table 5.1 Eudicots analysed, their phytolith morphotypes and their occurret8pecies with diagnostic or unique mbotypes A = abundant; R = rare.

Family Species Plant habit qubular Polyhedra) Anticlinal xzigphy" Ekl_);ky :::;res Trichome$Cystolith Tracheidl sclereid Elocky Irregular Elongate Elongate|Elipsoid |Stomata|Bulbous
psiate irregular facetate structure

Achariaceae  Rawsonia lucida woody A R R A A R R

Anacardiaceae Protorhus longifolia woody

Apocynaceae Carissa bispinosa woody

Apocynaceae Tabernaemontana ventric woody R A A

Asteraceae  Brachylaena discolour woody R A R R R R

Celtidaceae  Celtis africana woody A A R

Celtidaceae  Celtis mildbraedik woody R A A R C C

Ebenaceae  Diospyros natalensis woody R R R

Euphorbiaceae Acalypha glabrata woody C A C R R A

Euphorbiaceae Acalypha sonderiana woody R A R C

Euphorbiaceae Clutia pulchella woody C R R R A R R

Euphorbiaceae Macaranga capensis woody A A R R A R R

Fabaceae Acacia ataxacantha woody R R R

Fabaceae Albizia adianthifolia woody

Fabaceae Baphia racemosa woody C C

Fabaceae Dichrostachys cinerea woody R R C A

Fabaceae Milletia grandis woody A A R A

Fabaceae Schotia bracypetala woody

Lamiaceae Clerodendrum glabrum  woody R R A C R

Lamiaceae Tetradenia riparia herbaceous

Lauraceae Cryptocarya woodi woody A

Meliaceae Ekebergia capensis woody R R R

Meliaceae Trichilia emetica woody A A A A

Moraceae Ficus ingens woody A C R

Moraceae Ficus polita* woody A A R A R Cc*

Moraceae Ficus sur woody A C C

Moraceae Ficus sp. woody A

Myrtaceae Eugenia capensis woody R R A A A

Myrtaceae Syzygium cordatum woody C R R R R A C

Ochnaceae  Ochna natalitia woody

Phylanthaceae Bridelia micrantha woody R R

Podocarpaceadodocarpus latifolius woody A R R A* R A

Rhamnaceae Ziziphus mucronata woody

Rubiaceae Vangueria infausta woody

Rutaceae Teclea gerrardii woody

Rutaceae Vepris lanceolata woody A A

Sapindaceae Deinbollia oblongifolia woody R A A

Sapotaceae  Mimusops obvata woody A

Sapotaceae  Sideroxylon inerme woody

Urticaceae Obetia tenax woody A R

Vitaceae Rhoicissus rhomboidea herbaceous

Vitaceae Rhoicissus tomentosa herbaceous R R R R
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5.3.2 Common and ubiquitous phytolith morphotypes

Morphotypes observed in the eudicots are mainly globular psilate types, hair bases, epidermal
polyhedral and anticlinal structures, bulbous structures, traeandents, stomata, irregular
bodies and; the more rare cystoliths and a few gepasific bodies. Epidermal ground mass
phytoliths (polyhedral and anticlinal structures that are often multicellular) are the most
recurrent type with their occurrence vayifrom abundant to rare with the polyhedral type
being more common. These epidermal multicellular structures occur in about 45% of the
species studied. Common also were the globular psilate morphotypes and hair bases that were
observed in 30% of the spesistudied. Stomata and tracheid elements were also relatively
recurrent while blocky parallelepiped, elongate and sclereid morphotypes were less
frequently encountered. In species that produced phytoliths, all species have various
morphotypes or at leaswwd morphotypes. Below are results of common phytoliths

morphotypes and the species they occurred in.

Globular psilates (Figs.3a a-d) were abundant to common Baphia racemosa
Ficus polita Mimusops obovataPodocarpus latifolius Syzygium cordatumTrichilia
emeticaand Vepris lanceolataand were rare in other species. Globular psilates are usually
below 10 um but larger sizes e.g. 13.43 um were seen in some species Sdeprias
lanceolata Multicellular epidermal polyhedral (Fig.3a e-k) were albindant to common in
Acalypha sonderianeClutia pulchellg Celtis africana Celtis mildbraedii Ficus sp., Ficus
ingens Ficus sur Macaranga capensjillettia grandis Rawsonia lucidaObetia tenaxand
Tabernaemontana ventricasalhese polyhedral types were generally abundant in the
families: Euphorbiaceae, Fabaceae and Moraceae. Some multicellular epidermal polyhedral
types shown in Figh.3a e, f in Celtisspp.are presented further in section 4.3.3 underiapec

phytoliths aghey appear to be more genus specific.

Hair bases are abundant to commommachylaena discolg Celtis africana Celtis
mildbraedii Clerodendrum glabrugrDeinbollia oblongifolig Eugenia capensjg-icus polita
andFicus sur Hair bases are often infusevith cystoliths in some species suchFasus (Fig.
5.3a u-2). Stomata (Fig5.3a aa-ae Fig. 5.3d h) were common iDichrostachys cinerea
Syzygium cordatunTabernaemontana ventricgsa@richilia emeti@, Deinbollia olongifolia
and Vepris lanceolataMore illustrations of various stomata can be found at the end of the
appendix e.g. in plate p and g @®kbernaemontana ventricosand Trichillia emetica

respectively.
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Spherical facetate bodies (Fig.5.3a af, ag, ah) were observed inE. capensisand
Cryptocarya woodii Anticlinal structures (Fig.5.3a ai-an) are common inAcalypha
glabrata, Acalypha sonderianaCeltis mildbraedij Millettia grandis and Trichilia emetica
Blocky phytoliths (Fig.5.3b: t-v) are generally rare across species but were somewhat
common inAcalypha glabrataand Baphia racemosarlhe later however was contaminated

with grass short cells.

Aerenchyma structures (Fi¢.3c a, b) were present irCeltis africana and Ficus
polita. Sclereid structuresthat tend to be bulboudig. 5.3c e-h) are generally ubiquitous
across species but occurred in varying abundance (%al)land were abundant to common
in Eugenia capensjsCryptocarya woodiji Rawsonia lucidaand Podocarpus latifolius
Tracheids (Fig5.3c i, j) were also ubiquitous and where abundant or commoare across
species (Tableés.1). Tracheids wereabundant orcommon in the specie€lerodendrum
glabrum Cryptocarya woodiiand Trichilia emetica Abundant elongate facetted phytoliths
(Fig. 5.3c k, I) and a fewfibers andsclereid phytoliths (Fig5.3d a, b) were observed in
Rawsonia lucidaUnique globular bodies were observedFious polita (Fig. 5.3c m, n).
Large globula bodies with centtabodies (Fig. 5.3c o-r) were observed imAcalypha
glabrata Cryptocarya wood, Podocarpus latifolius Deinbollia olongifolia Syzygium
cordatum Most of the morphotypes mentioned above are present in the species analysed, but
only the abundance differs (Talel).

5.3.3 Special phytolith morphotypes

Some phytoliths morphotypes were only observed in specific families or spHuse types
were generally not included in Tablk1l as they were limited to a few speci€some
multicellular epidermal polyhedral types @eltis africana and Celtis mildbraediiappear
different from the more ubiquitous pbledral epidermal cells as theaiells appeam bit
irregular, smallerand are cavateeffered to here as polyhedral cavate céflg). 5.3a e,
f).These have been previously reportecCeltis mildbraedii(Collura and Neumann, 2017).
However,Celtis mildbraediihas another type of polyhdedral cavesdls that is unique to it
and has not been encountered in the literature §3g. c-d). They are large tissue structures
that givea firstimpression of beingork aerenchyma because of th@tyhedralcavatecells

that givea somewhat perforated impression as in aerenchyma.
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Cystoliths or verrucate bodies (Fig.3b: a-j) were observed only i€eltis africana
(Celtidiceae) and ifricusspecies especiallyicus polita(Moraceae). Uniquechinate bodies
(Fig. 5.3k k-p) and ungue granular bodies with granular projections (Bigb: g-s) were
observed only irCeltis africana

5.3.4 Grass phytolith contamimtion in sedgesand eudicots

It is important to determine the extent to which grasses may have been introducezhte the
unitentionally by its inhabitats as it has been shown that grass phytoliths can adhere to the
bark of wood (Albert and Weiner, 2000). $ome species of sedges and eudicots, giass

short cells(GSSCs)were encountereth their phytolith assembige Contamination was

noted in some species of sedges and eudicots as they contained GSSCs phytoliths that are
known to occur only in grasses (Piperno, 1988, 2006; Pearsall, 20@0)ew sedge species

i.e. Bulbostylis burchellii Bulbostylis sp., Cyperws obtusifloris spp. flavissimus and
Schoenoxiphium sparteyngrass short cell were encountered. A very small numbér o
rondels(less thar20 ecountered in each when their total phytolith count was reaoreesd)
observed n Bulbostylis spp. while in the Cyperus obtusifloris spp. flavissimus and
Schoenoxiphiunsparteumit was copious amount of bilobatégbove 50) In the later two
speciescounting of bilobates was stopped when their count reached aboa® lilbbates

were clearly aommon occurrence in their assembldgevas observedhat the bilobates in
Cyperus obtusiflorisspp. flavissimuswere often articulated.In eudicots, grass short =l

were observed in species Baphig Eugenia Diospyros and SyzygiumNone of the fou
produced a significant number of grass short cells and were all beloWwsafsidou et al.

(2007) considered contamination of less than 50 phytolphyt¢liths with a consistent
morphology) as unreliablédne conical shaped phytolith was encounteredrious polita
although it did not look exactly as those found in sedgdébk a more conical rondel

appearance than dorsbape.
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Fig. 5.3a:Globular psilatea Baphia racemosa Podocarpus latifoliusc Trichilia emetica
d Cryptocarya woodii Polyhedral epidermal cavate cells: Celtis africana f Celtis
mildbraedii Polyhedral epidermal cellg Celtis mildbraedii h Ficus sur, i-j Ficus sp., k

Millettia grandis Cystoliths/hair bases (most cystolithie @mbedded in hair base$)

Celtis africana st Celtismildbraedii u Ficus ingensv Ficus politg w-z Ficus sur Stomata:
aa, ab Dichrostachys cinereaac-ad Vepris lanceolata ae Rawsonia lucida Globular
facetate bodiesaf-ah Cryptocarya woodii Anticlinial structures:ai-aj Acalypha glabrata
ak A.sonderianaal Celtis mildbraedijam Millettia grandis an Trichilia emetica
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Fig. 5.3b: Cystoliths/verrucate bodies-f Celtis africana g-i Ficus polita, j Ficus sur
Echinate plateletk-p Celtis africana Granular bodies with granular projectionss Celtis
africana Blocky: t *Baphia racemosau Cryptocarya woodijiv Celtis mildbraedii *Baphia
racemosd this species had contamination of grass short cells, therefore the blocky types

cannot be interpreted with confidence.
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Fig. 5.3c: Aerenchyma structurest Celtis africana b Ficus polita Polyhedral cavatec-d
Celtis mildbraedii Bulbous structures (Sclereids?)e Eugenia capensjsf Cryptocarya
woodii, g Rawsonia lucidah Podocarpus latifolius Tracheids:i Cryptocarya woodii |
Trichilia emetica Elongate facetaték-l Rawsonia lucidaOther globular type bodiesa-n
Ficus politg p Acalypha glabrata o Cryptocarya woodiji p Podocarpus latifolius g
Deinbollia oblongifola, r Syzygium cordatum
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Fig. 5.3d: Fiber, Sclereid:a-b Rawsonia lucidaSpiny bodies/sclereids?-g Podocarpus
latifolius. Stomata h Deinbollia oblongifolia Hair bases?i-k Deinbollia oblongifolig I-n

Clutia pulchella.

108



5.4 Phytolithsin modern soils

The three soil samples collected frommall uncultivated grassland close to Sibudu did not
produce abundant phytoliths. The ca. 200 phytoliths counted in each sample was reached
with difficulty. Of the 200 for each sample, the gras<aikhort cells were only between 40

to 50 across the samples. In all samples however, rondels were the most common, followed
by bilobates and then saddlds. the modern sample SIB Mlrondels were at 17.1%,
bilobates at 4.1% and saddles at 1.8%. In SIB id@dels contributed 10.5%, bilobates 9.1%

and saddles 4.1 while in SIB M3, rondels were 10.1%, bilobates 8.0% and saddles at 2.0% .
In all three samples blocky parallelpiped phytoliths were the most dominant ranging from

43.3 to 50.3% followed by elonget that ranged from 19.6 to 26.7. These results are
illustrated in the Figure 5.4 below.

60.0
50.0
40.0
30.0
20.0

10.0 - -
0.0 . m SIB M1

G F S P e mSBM
5 SIB M3

Percentage (%)

Phytolith morphotypes

Figure 5.4: Percentage of phytolith morphotypes in modern soil samples, SIB M1, SIB M2
and SIB M3.
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CHAPTER SIX

THE MODERN REFERENCE COLLECTION: IMPLICATIONS FOR TAXONOMY
AND ARCHAEOLOGY

6.0 Introduction

This chapter providea discussiomf the phytolith data from the modern reference collection
and its implications for taxonomic aharchaeological interpretatiossich as those for the
MSA phytolith data of Sibudult seeks to provide a context in which to understand the
taxonomic phytolith classifications used in the next results chapter for the MSA phytolith
data of Sibudu (Chapter seveifihe role of phytoliths in plant taxonomy issdussed as the
modern reference collection provided for taxonomic attribution of some plant taxa and their

relevance in archaeological and palaeocological studies.

6.1 Modern Plant phytoliths from the Summer Rainfall Zone (SRZ) of South
Africa

This stug provides information on the phytolith morphotypes produced by modern South
African plants from the SRZ, many of which constituted the landscape at Sibudu during the
MSA and were available for early humans to utilise (Allott, 2004; Wadley, 2004; Sievers,
2006; Schiegl and Conard, 2006; Renaut and Bamford, 2006; Lennox et al. 2015). Not only is
it an important component of the study because of the lack of modern plant phytolith data for
South Africa, but also because it represents the first modern plamlifphyeference
collection of eudicot plants (mainly woody) from the SRZ consisting of the largest woody
phytolith reference collection for South Africa. More so, it also constitutes the first most
comprehensive phytolith study of modern sedges (Cyperacea Africa. It therefore
provides a standpoint on which to interpret the ongoing archaeobotanical and
palaeoecological studies in South Africa and adds to the few published modern phytolith
references for South Africa that until recently were for grasses other monocots only
(Rossouw 2009; Cordova and Scott, 2010; Esteban 2016).
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6.1.1 Sedges of South Africa: taxonomic potential of their phytoliths

Although numerous stilies havebeen conducteth South Africa, problems remain within

genera to datend their classification is constantly changing with several species being
moved from one genus t o an olieingerefined (Gortlowsmye ver al
1995; Browning and Gordoiray, 2011; Muasya et al., 201Dther than sedges being an
important component of the MSA of South Africa and of major economic importance in
South Africatoday especially imural commuities in KwaZulu Nata(GordonGray, 1995;

Van Wyk and Gericke, 2000; Sievers, 2006; 201i)is study secondarily aimed at
establishmg the extent to which phytoliths can be used to contribute to the discussion of the
contemporary taxonomic issues of Cyperaceae in South Africa (G@udon 1995;
Browning and Gordoiray, 2011; Muasya et al., 2012).

The silica content of the samplagsalysed exhibited great variability within genera

and a trend could not be determinedoasrthe samples analysed as mproduced small
amounts of silica. For instance, the different species analysed in the @goersisshowed

that there is no correlath between the genus and silica amount with some having abundant
amounts while others yielded small amounts with some dikelenudatugjielding almost
nothing.It was clear that silica quantification of the sedges was of no taxonomic importance
as observé by Fernade4Honaine et al. (2009). Higher amounts of silica content are reported
by Honaine and colleagues with culms reaching 11%, leaves 13% and fruit achenes 18%.
This current study achieved percentages far below this in these plant parts combined and
might have been exacerbated by the fact that the original samples used were small. In
addition to the lack of taxonomic implication for silica production in a geRaspadez
Honaine et al. (2009) also observed major differences in silica content withpreces

further indicating that silica content is not taxonomically reliable.

As expected the typical sedge diagnostic esim@ped phytoliths (leaf/culm cones)
were present in all species but they were not necessarily the most dominant isolated
morphotypein some species. In fact, in some species they were hardly represented and
variations were observed across genera and within species of thegsanse Of the nine
Cyperusspecies analysed, parallelepiped blocky phytoliths were the dominant tyge for
fastigiatus while the cones inC. rigidifolius occurred in similar amounts as elongate
phytoliths with the rest having cones (leaf or achene) as the dominant type. In the four

species oftleocharisanalysed, onlyE. caducahas leaf cone phytoliths as the dominant
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morphotype while the others had different individual phytolith types dominating in their
assemblage notably articulated blocky phytolith&ircf limosa stomata complexes . sp

and articulated long cells witminute pores along their edges iEn dregeana Eleocharis
therefore appears to be the genus that least identifies with leafpbgtoliths in this study.
Plates with elongate crenate/pilate celisre the most dominant type Fuirena pubesens
with conesoccurring in much smaller amounts. Blocky phytoliths (mainly the parallelepiped
type) were also the most dominant morphotypésyiinga erecta K. pulchellaandPycreus
macranthusalthough they occurred in almost similar numbers as-sbaped phytolithen

K. pulchella Of the three species o$cleria analysed, Scleria woodi had a poor
representation of single cosbaped phytoliths and is dominated by articulated blocky
phytoliths that usually have articulated cones attached to them. Blocky phytoliths were also
reported to be an important component of some sedge speeieddezHonaine et al., 2009;
Novello et al., 2012).

Phytolith morphotypes in the sedges studied are relatively diverse. However, a few
species of Cyperus Bulbostylis Kyllinga and Scirpoides had little variation in the
morphotypes they produc&cirpoidesburkei showed the least morphotype diversity with
leaf cone phytoliths and polyhedral #ige silica skeletons that look like long pointed cones
in side view as the only phytolith morphotypes in their assemblage. Globular psilates were
not taken into aawnt in this study. They were generally not well represented in this family
and only conspicuous irschoenoplectus corymbosasid to some extent ifPycreus
macranthus Several apparbulbousin Schoenoplectus corymbosaisd may be part of the
articulated llbous structures in thispeciesThis is in agreement with Novello et al. (2012)
who report that lgpbular psilates were produced Bchoenoplectus royleand Pycreus

macrostachyas

Cone sizes were also varied across genera and within a species as observed by
Ollendorf (1987) showing a general overlap in sizes with no genera falling in a unique
category. For example, i@yperusthe largest cone size range of 6.21 uym to 24 um was
obseved in Cyperus haematocephalasd the smallest size range of 5.38 to 11.56 um in
Cyperus fastigiatusvith all otherCyperuss peci es 6 cone sizes falling
than 21 um. The species Bf/creusshow variation in cone size with thoseRfsp. ranging
from about 8.50 to 18.85 um while those Rn macranthugange from 9.72 to 24.37 pum.
Pycreusspecies appeared to be the only species with cones that do not measure below 8 pum.
A general trend can therefore be described for some specien@rag For example, in the

112



Eleocharisspecies that had leaf cones, they were very small and generally did not exceed 13
pum marking it as the genus with the smallest cones in agreement with the findings of
FernddeHonaine et al. (2009). Species that hawea of the largest cones (above 26 pm) in
their assemblage we&choenoplectus muriculatus, muricinux andScirpoides burkewith

those inS. burkehaving the largest cones that measured up to 32 um. OthdPyoegus all

the other genera have vesynall cones (4 8 um) that occur in them rendering cone size
generally of no taxonomic use especially for this size category. It is therefore difficult to
assign taxonomic importance to cone size in sedges although it appears that some species
cannot be ssociated with large sized cones while some cannot be associated with very small
cones. Taxonomic inferences have been suggested from cong-giredeAHonaine et al.,

2009) but overlap in sizes still remains a challenge to drawing very specific conslas

shown in this current study that has a bigger data set. Important to note is that many
articulated cones imBulbostylissp. have a convex bilobalige or polylobateappearance
typical of grasses, only that they appear largeButbostylis a chaacter that so far appears

unique or most conspicuous in this species.

It was not always easy to determine the presence of satellites on leaf cones in some
species as noted by Metcalfe (1971) and Ollendorf (1987) because in some cases, they are
very smallor not easy to differentiate from a dissolution effect. Moreover, it was observed
that cones with and without satellites ocamithin a single species as previously noted
(Metcalfe, 1971; Piperno, 1989) and show variability within species of the samegié@ngs
them less taxonomic value across genera. For example, satellites were conspicuous but not
present on all cones Bulbostylis burchellii B. sp,, Scleriasp. and yet rare in.$iatalensis
and absent i5. woodi. They seem to be a somewhat consistent character in species of some
genera i.eBulbostylis Eleocharis Pycreus Scleria(apart fromS. woodi), Schoenoxiphium
andSchoenoplectualthough they were not always easy to determirtgcimoenoxiphiurand
Schoeoplectus They do not seem to occur in the species of the gelygrarus Cladium
Fuirena Scirpoidesand Kyllinga apart fromKyllinga erecta In the species studied, cone
apices were always pointed or rounded within a species and some truncated a@nes we
certainly confirmed irCladium mariscusSchoeonoplectus muricinu®deria natalensisand
Scleria sp. This too seems a redundant character when this study is compared with that of
FernddezHonaine et al. (2009) where truncated cone apices are seen also in species of the
generaCarex CyperusandEleocharis Cone bases are generally round with some square or

angular bases seen in related and unrelated tax@yiperus congestu€. obtusifbris, C.
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semitrifidus Cladium mariscusKyllinga pulchella Pycreus macranthysSchoenoxiphium

gparteum Schoenoplectusp. andS. muricinux

Coneshaped phytoliths are redundant in Cyperaceae (Ollendorf, 1992; Vrydaghs et
al., 2004), and several of their characters have proved to be redundant (Metclafe, 1971;
Piperno, 1998fFernadezHonaine et al., 2009; this study). A few unique charactere wer

observed in some species although often in unrelated genera further suggesting that they are

also generally taxonomically redundant. Although it was a rare char@taelium mariscus

Bulbosyltissp.,, the Fuirena speciesSchoenoxiphium sparteuamd Scrpoides burkewere

the species that had some of their cones with two apices on one cone cell appearing unique in

Cladiummariscusas the cone plates were squared (bija p). Another unigue feature was
some of the conshaped phytoliths i€@yperussemitrifiduswere big articulated square cones,
sometimes with slightly sinuous bases with big or small apjees 5.1a t-v) and this
particular type were only seen in this speci€ycreus macranthiysSchoenoplectus
muriculatus and S.muricinuxalso hadrectangular articulateg@onesthat look more like
tabular phytoliths but theirlight apicesshow that they are cones, character that seems
unigue to themand those inP. macranthusand S. muricinuxhave an echinate margin
appearing tabular echinatéome cones with round and lightly sinuous bases were sé&en in
muricinux These sinuous bases are not uniqu&disoenoplectuas they have been described
in a species oScleriaby Watling and Iriarte (2013\Vhere they are thought to have some

diagnostigpotential for theScleriain the region they find them.in

A few more features that may be of some taxonomic significance that are not related
to the typical coneshaped Cyperaceae phytoliths were also isolated in some species. The
species ofEleocharis and Fuirena produced silica skeletons with elongate phytoliths
arranged in parallel in small amounts and are similar to those found kfetheharisspecies
by Fernade#Honaine et al. (2009) but were not as abundawith species ofFuirenaproduce
conspicuous neat plates with elongate cells that tenplteaa dissolved but astongate cells
arranged in parallel in finer focus. This arrangement of elongate phytoliths in parallel is likely
to be restricted to a few genera and may to sontenexontribute to knowledge of the
previously reported close relationshipFdirena and Eleocharis Phylogenetic studies have
reported thatuirenais closely related tdleocharisthan it is to other genera in the tribe

Fuireneae (Muasya et al., 200912). FuirenapubescenandFuirenasp. produced crenate

plates (plates witltrenate/pilate oc ont or t ed mar gins) that are
sinuations in the anticlinal walls féwuirena® r ef erred t o i n Metcal fe
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well represented irF. pubesenand F. sp and those irF. sp.tend to appear with more
contorted margins than those kn pubesensThe wavy plates ifr. sp. are often beset with

hair bases similar to Metcalfe (1971) who described hair bases in epidermis of leaves of
Fuirena Such crenatglates were also observed 3tleria wood where they were beset

with peculiar spherical and hemispherical bodies thatdiseussed nextThe phytolith
assemblages i8cleria natalensi@nd S. woodi are remarkable as they produced peculiar
spherical and/or hemispherigglliptical echinulate bodies that sometimes appear solitary or
paired and sometimes are embedded in wplates. Metcalfe (1971) describes these
echinulate bodies as being a distinguishing characteristi8clafria from other genera in
Cyperaceae although he reports that they were observed in three other genera two of which
had only a few a species and beledgto the same tribe &cleria Scleria natalensis
produces both the hemispherical echinulate bodies as well as spherical echinulate bodies
although the latter occur in fewer amounts. This scenario was also describiediriana sp.
inBamfordetal. (206) and are referred to as 6édhemisph
wi t h verr udcSddaiewosdipmndueced mastly the spherical echinulate type but in
small amounts. Other unique large structures of silicified tissue were seen in twes syeci
Schoenoplectuanly appearing different i6. @rymbosusandS.sp, that were grouped under

0 b u | b mayde sclereidghile one encountered @ sp. is quite similar to aerenchyma

cells seen ilRhynchospora corymbosa FernddeHonaine et al. (2009). Leaf cressctions

would be useful to determine what kind of tissue it is. Lastly, stomata complexes occur in
some species and a copious amount occuEdaacharissp. Carnelli et al. (2004) describe
distinctive stomata types thare characteristic of Cyperaceae as elongated -Gbiaeed
subsidiary cells that lie parallel to the stomatal pore. One complex of this type was observed
in Scleria eggersiandy Watling and lIriarte (2013) and similarly in this study, it was
observed irSderia woodi Several other stomata occur in the sedges that look different from

this very type.

Unlike the leaf/culm conshaped phytoliths, achene phytoliths (polygonal cones) are
still the morphotypes that provide better taxonomic potential at genusaegdesometimes
species (Piperno, 1989). In this study, genera which produced the achene phytolith type
(polygonal cone) on top of the classic leaf cone phytoliths vi&yperus Kyllinga, Pycreus
Schoenoxiphiunand may beSchoenoplectud-or Schoenoplectysone polygonal cone was
encountered irschoenoplectus muriculatssiggesting that these types may occur in some

species of the genus. It could be contamination as well. Interestingly, polygonal cones are
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indicated as present in the leavésSohoenoplectus roylel Novello et al. (2012) contrary to

the fact that these types of cones are associated with achenes of sedges (Piperno, 1989;
FernddezHonaine et al., 2009). The current study cannot pronounce itself on this matter for
Schoenoplectimuriculatusbecause the phytolith assemblage is mixed. Few morphotypes
that looked like smooth achene phytoliths were observédeiocharisdregeana Species so

far studied inEleocharisdo not produce achene phytoliths (Piperno, 1989; Iriarte and Paz,
2009). We tentatively did not consider it as producing this type and the smooth polygons may
well be epidermal polyhedral structures.

The achene phytoliths present in the five aforementioned genera are similar as
expected in some species ©fperusand Kyllinga as these genera are known to produce
achene bodies that have a densely stippled surface that are diagnostic at the genus level. They
are often referred to as tl@yperugKyllinga phytolith type as they cannot be differentiated
(Piperno, 1989; Oliedorf, 1992) This affirms the problems often faced by systematists when
classifying species from these genaral also the already known close relationship between
the two genera by systematistst have long treateldyllinga as a subgenus @yperusor
among its various segregate genera (Haines and Lye, 1983; Piperno, 1989; Huygh et al.,
2010) that have since moved species of the gEglisiga to Cyperus(Larridon et al., 2013,
2014).0f the nineCyperusspecies studied, two collected from the area radsibudu had
not been identified and weiritially referred to as Cyperecae 1 an@Table 4.1, Chapter
four). After phytolith analysis, they were found to produce igperugKyllinga type of
achenephytoliths and hence these speciee then added tthe genusCyperusbased on

phytolith analysis. Phytoliths therefore have the potential to identify unknown sedges

. Furthermore, the stippled achene phytoliths Gf denudatusand those ofC.
semitrifiduswere slightly different from the rest, with thoseGn denudatusaving echinate
apices while those irC. semitrifidushad conspicuously large apiceBhe achenes with
echinate apices i€. denudatusare similar to those presented C. reflexusby Fernalez
Honaine et al(2009).Divergence from this densely stippl€yperugKyllinga phytolith type
was observed i€. fastigiatusandC. haematocephalushich produced only smooth surface
achene phytoliths with echinate margins and rarely also producedlsmaogjin achenes.
Piperno (1989) observed this divergenceCineculentasand C. ochraceusHowever, some

species produces both types of achenes.
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Important to note is how this phytolith study confirms several other known
relationships between genera in @tiCyperaceae studies involving morphology, anatomy
and phylogeny and how it further affirms the difficulty that has long been faced by
systematists when classifying species of Cyperaceae (Metcalfe, 1971; Piperno, 1989;
Standley, 1990). For instance, soocomsideredMariscusas a genus but this lasted for a short
time as several authors later treated it as a subgergpefusor placedMariscusspecies
underCyperus(Lye, 1982; Vorster, 1983; Tucker, 1983; Huygh et al., 2010; Reynders et al.,
2011). In this phytolith studyMariscuscongestugnow a synonym foCyperuscongestus
produced the highest number by far of @yperusKyllinga achene type phytoliths inlahe
Cyperusand Kyllinga species analysed. This phytolith study therefore confirms the long
known relationship between the gendgperusand the genudiariscus a genus that has
since become obsolete and its species firmly placed Wyjsrusin South Arica (Archer
and Goetghebeu011). In addition, this phytolith study discovered achene phytoliths with a
stippled surfacein the assemblage oPycreus macranthughat are similar to the
CyperugKyllinga type although many are more of elongate shapedl tthe usual polygons
and sometimes with less clustered stipples. This phytolith study therefore confirms the long
known close relation betwedbyperusandPycreushby taxonomists (Haines and Lye, 1983;
Lye, 1997). The elongate shap@yperusKyllinga achene type found iRycreus macranthus
was similar to the elongate achenesMariscus congestussyn. Cyperus congestysin
phylogenetic analysesCyperus congestuss thought to be associated with the early
branchingPycreuslineages although thereeano morphological characteristics betwdgn
congestusand Pycreusto support this relationship (Larridon et al. 2013). This similarity in
elongate stippled achene phytoliths may be of some contribution in understanding this
relationship.Pycreusoriginaly treated as a separate genus by some authors was considered
as a subgenus d@yperusby others (Haines and Lye, 1983; Lye, 1997). It was later left
among the several segregate gener@yferusthat includeKyllinga pending investigations
to further undestand their relationship witlCyperus sensu strictathat was still unclear
(Muasya et al., 2009; Huygh et al., 2010).

Recent investigations have led Rycreusbeing formally included in the genus
Cyperusand their species have been given new name&yperus(Larridon et al., 2014).
There would probabl y Pyclewdn thoe trogperuginda tdo

ad

phytolith typed used in phytolith terminolo

now included inCyperus Since species oKyllinga have also been moved tOyperus
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(Larridon et al., 2013, 2014), this term should probably be considered obsolete in phytolith
research. This presence of tlgyperugKyllinga achene phytoliths of Piperno (1989) in
Pycreushas to the best of my knogdge not been previously described Ryrcreusalthough

it was first presented in achene phytolith imagePyifreus tene(SeeFernadeHonaine et

al., 2009), although it was not categorically described asCiperugKyllinga type. The
achene phytolithgllustrated for Pycreus tenethave a stippled surface similar to that of
phytolith achenes i€yperusandKyllinga (FernddeHonainepers. comm?2016). Statistical
analyses byFernadezHonaine et al. (2009) show thRicreus teneis closely related to
Cyperusspecies. Further illustration of the taxonomic potential of phytoliths in this study is
the presence of-4 sided smooth surface achene phytoliths with lightly jagged margins or
lightly stippled margins irSchoenoxiphium sparteuthat are similard some of the types

that are of diagnostic potential in the gei@erex (Piperno, 1989). This probably serves to
support the taxonomic placement of the gergahoenoxiphiurand Carexin the same tribe
(Cariceae) (Kukkonen, 1983) and better still the recelacement of the genus
SchoenoxiphiuranderCarex(Global CarexGroup, 2015). To the best of my knowledge, this
LCarexd phytolith achene Schlyoenexiphiusfor the firshtgne dnd s cr i b
further phytolith analysis of species originally endthis genus would be necessary to

confirm this assertion.

6.1.2 Phytoliths of KwaZulu Natal grasses and their taxonomic significance

A morphological classification fagrassshort cell phytolitls related to the grass taxonomy of

three subfamilies wagproposed by Twisset al. (969. This involved the classic
categorizations of oOPanicoidd phytoliths (b
6Pooi dé phytoliths (rondel s) t hat identify
Pooideae respteely. With the ever growing body of research it is now known that due to

the issue of phytolith redundancy and multiplicity (Rovner, 1971), these morphotypes only
loosely identify these subfamilies as many deviations from the norm occur, with them also
occurring in other grass subfamilies (Lu and Liu, 2003; Bamédbral, 2006;Piperno, 2006;

Bremondet al, 2008; Barboni and Bremond, 2009; Cordova and Scott, 2010). Although this

grass phytolith reference is much smaller than that of Rossouw (200@ntiahpasses the

many biomes of South Africa, it provides useful information specific to the study area. This
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study generally follows previously documented trends, with grasses yielding typical grass

phytoliths and highlights the inherent problem of redumeglaof some phytolith morphotypes.

In this study, the classic trend of bilobates as the most dominant or identifying
morphotypes in Panicoideae grasses was corroborated (Twiss et al., 1969; Piperno, 2006;
Fahmy, 2008; Rossouw, 2009; Cordova and Scottp;20ercader et al., 2010; Esteban,
2016). The bilobates were of various margins (i.e. concave, convex and straight) without
shanks or with their shanks short or long. The shank length categories used here were those
recently recommended by Neumann et(@017) with short shank being less than 4 um, long
length shanks being betweeri 4 um and very long shanks aboveuh. The presence of
di fferent margin types in this subfamily <co
separating bilobates accorditmjthe shape of their margin is of no taxonomic importance and
only serves to increase redundancy of the isolated morphotype across subfamilies (Neumann
et al.,, 2017). Bilobates with short shanks with concave margins and those with convex
margins were thenost common type in Panicoideae grasses in agreement with Mercader et
al. (2010). The other lobates i.e. crosses and polylobates show affiliation to the subfamily
Panicoideae especially the polylobate morphotype which was only observed in Panicoideae
(Rossouw, 2009; Mercader et al., 2010; Neumann et al., 2017). Important to note is that
rondels were a major component of most species of Panicoideae studied here, sometimes
even occurring in equal or higher amounts in some species. In other South Afridas, stud
rondels were reported as present but not abundant in the subfamily Panicoideae in the south
coast (Esteban, 2016) while they were reported as absent in Rossouw (2009).

Saddles most identify the subfamily Chloridoideae as expected (Twiss et al., 1969;
Twiss, 1992; Piperno, 2006) but they are not always well represented in some of its species
which instead produce abundant rondel phytoliths (e.g. Lu and Liu, 2003). In the genera
Eragrostisand Sporobulusrondel phytoliths were always the dominant typéheir species
although in the species &fragrostis the saddles were nearly as abundant as the rondels in
agreement with previous studies in Africa (Bamford et al., 2006; Barboni and Bremond,
2009; Mercader et al., 2010; Novello et al., 2012; Cord2043). This study is in agreement
with that of Cordova (2013), who found rondels abundant in some Chloridoideae species in
the WRZ of South Africa. This trend was not observed in West African grasses of this
subfamily (Neumann et al., 2017), highlightitngetimportance of region specific data. On the
contrary, rondels are absent in the Chloridoideae species of South Africa studied by Rossouw
(2009). Peculiar also, is the fact thaFiagerhuthiasp. (Chloridoideae) was dominated by
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bilobate shaped phytolghand rondels with no saddles. It was the only species of this
subfamily to show an abundance of bilobates as the rest produced them in extremely low
amounts or did not produce them at all. It must be noted that some of the bilobates with long
shanks andancave margins ifingerhuthiasp. look like saddles joined by a shank.

In Arundinoideae RPhragmites australjs rondels and saddles were the only grass
short cells observed in agreement with Lu and Liu (2003) and Novello et al. (2012).
However, in both thse studies, saddles were the dominant type over the rondels while in this
study it is the rondels that were the most dominant morphotype. We think this difference may
be partly due to the diff-eoedekdi npgmehiasat ic
species that will be discussed further shortly. Saddles were the only t¥peustralisin
Mozambican grasses (Mercader et al., 2010). In this study, all kinds of rondels occur in this
species and many tend to be very long (up to 20 um in height) making them conspicuous in
this species and many are horned similar to Lu and Liu (2003). Odinerflat rondels and
conical rondels with pointed tops. Also the conical rondels that are often short in other
species appear conspicuously longPinaustralisreaching 12.65 um. It is also made up of
saddles that are plateaued (trapezoidal with a samdline base and a smaller saddte on
top, Piperno, (2006)) and saddtendels/ellipsoid (appear rondeloblong/suborbicular or
orbicular with saddle tendencies, Lu and Liu, (2003)) (see images in chaptem Fedatter
type is taken to be thepgye r ef erred t o as 0 sAadidhbpecienin at e 6
Mercader et al. (2010). The latter type has been grouped as rondel in this study as it appears
more rondel than it is saddle unlike the plateaued saddles. We think that both theseetypes
grouped together in the studies that show saddles as the most dominanftypastralisas
O0sadadnalel sé6 as it mi ght not have produced t
al., 2012). Saddleondels alone are reported to be up to 38%.australisby Novello et al.
(2012). Whereas this is mere speculation for the abundant saddles in other studies, either way
in the current study, the typical rondels (e.g. horned and conical) were outrightly more
dominant and conspicuous compared t@® thaddleondels. Plateau saddles are not
necessarily a marker fét. australisas previously suggested (e.g. Lu and Liu, 2003; Piperno,
2006) as they occur in other subfamilies such as Chloridoideae (Neumann et al., 2017). Not
only have saddkeondels/elipsoids been observed kh australisin this study, they have also
beenobserved irSporobolus africanuandEragrostis superb&Chloridoideae) in agreement
with Novello et al. (2012) who found them fBporobolus cordofanugChloridoideae).
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Saddlerondelgellipsoids are also associated with the subfamily Aristidoideae in Southern
Africa (Rossouw, 2009; Mercader et al., 2010).

The Aristida sp. was a single representative of the subfamily Aristidoideae and it also
produces abundant bilobate and saddlaels/ellipsoid phytoliths in agreement other
authors (Rossouw, 2009; Mercader et al., 2010). It produces bilobates with convex ends with
short and long shanks. The long shanks fit the category 4 to 7 um of Neumann et al. (2017)
but it also has bilobates with longs shanks measuring above 7 um which are categorised as
having very long shanks (Neumann et al., 2017). It was therefore the onlgsspe have
some abundance of bilobates with convex margins and very long shanks, a phenomenon
previously reported and this bilobate is often referred to ad\tiwtidat ype 6 ( Pi per no,
Rossouw, 2009; Mercader et al., 2010; Cordova, 2013; Neuntaah, €017). This type
occurred in very small numbers in some species of the subfamily Panicoideae in agreement
with Rossouw (2009) and Neumann et al. (2017). The saddtels inAristida sp. are very
small and mostly orbicular while those Ih australs are mostly oblong and blocky. The
Aristida species is also made up of rondels with a reniform top similar to that referred to as
0 R® 6 Pianstralisin Novello et al. (2012). Thigristida sp. is also made up of a bigger
rondel reniform base type wbe base is kidney haped with i1its body app
towerd rondels (Lu and Liu, 20688y eminfdorim tiy
These morphotypes were only observed in thistida s p , ad®d® @aRd the OKki
shaped are thought tee variants of the same morphotype. Both these rondel types, the
saddlerondels/ellipsoid and the bilobates can appear clustered in the same silica skeleton.
This species also produced rondels further highlighting the redundancy of rondels across
grass sufamilies in South Africa (Cordova, 2013).

The subfamily Pooideae was represented byAgrestissp. which was dominated by
rondel phytoliths as expected (Twiss, 1992; Barboni and Bremond, 2009). Thdypess
lobates were common with a few saddles antbbbies. Bilobates appeared mostly
conspicuously small compared to those in other grasses with no shanks. It generally did not
present with the trapeziform sinuous type that is characteristic of high altitude C3 Pooideae
grasses (Barboni and Bremond, 200Gyasses from the WRZ of South Africa (an area
dominated by C3 grasses) were found to produce lobates, saddles and rondels irrespective of
their photosynthetic pathway and attribution to a particular pathway was made based on
abundance (Esteban, 2016). @&sses were found to produce a higher amount of rondels
compared to C4 grasses so rondels were then associated with C3 grasses (Esteban, 2016).
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Similarly, rondels were also the most dominant morphotypes iAghestissp. in this study
however, the bighumber of crosshaped phytoliths is strange and cannot be comparably
discussed in line with available literature. Worsestill, only one grass species from the
subfamily Pooideae was collected from the main study area. It is necessary to investigate to
whatextent these grasses occur in the study area, a region dominated by C4 grasses; and for
more phytolith studies of the Pooideae subfamily from this area to ascertain phytolith
production in these grasses. Until such a time, this study cannot confidembupce itself

on the trend of phytolith production in C3 grasses specifically of the subfamily Pooideae that

are typical for temperate climate/high altitude and this result is necessarily tentative.

Generally, saddles appear to be the least redundamligihynorphotypes as they
were absent or produced in very small amounts by species that do not belong to the subfamily
Chloridoideae. Unique and, rare phytolith types that characterised individual species were
encountered in the phytolith assemblagangerhuthia sp. produced a unique type of H
shaped lobates together with the usual esbsgped lobates. The typical feobed cross
shaped morphotypes (Piperno, 2006) appear a:
some crosshapes irFingerhuthiaar e bl ocky wi t h ashapédHbbateshdsa p e .
its lobes long, straight and blocky. The other unique morphotypes are the cone shaped
phytoliths that are difficult to separate from those typical for sedges that were observed in
some species but éhsedge resemblance was pronounce®igitaria sp. because of the
articulated cones and silica skeletons made up of cones only as in SHugegarticular
character was observed onlylngitaria species. Although these cone shapes are termed as
conical rondels and grouped under rondels in this study, some authors refer to them as
O6papillabé in grasses and sedges (e.g. Bal | (
are reported as eadyg confuse with sedge cones (Ball et al., 1996; Runge, 1999). This
underscores the inherent problem of phytolith redundancy (Rovner, 1971). However, we note
that they were only common in tBegitaria sp. and rare in other species.

The rare morphotypes we the norGSSCs that occurred in very small amounts
relative to the GSSCs i.e. tabular morphotypes, parallelepiped bulliforms, acicular, elongates,
blocky parallelepipeds, tracheids and stomata. In particular, parallelepiped bulliform cells
were the rardstype as they were absent in most grasses and rare in the few they were
observed with only a significant amount of up to 7.1%5e@taria megaphillaThis species

also had the highest number of acicular morphotypes. The cuneiform bulliform type typical
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for grasses (Piperno, 2006) was not observed in these grasses. It is the tabular and elongate

morphotypes that were most likely to occur in every species.

In summary, inferences can be made that link grass short cells with the grass
subfamilies that they amaost affiliated to, supported by correspondence analysis. Therefore,
the subfamily Panicoideae is characterised by bilobates with short and relatively long shanks
with various margin types but the short shank type with concave and convex margins were
the most dominant types. The other subfamily that is characterised by bilobate shaped
phytoliths is Aristidoideae. Its bilobates are with short, long and very long shanks with
convex margins only. The subfamily Chloridoideae is characterised by <sdudgied
phytoliths. This study cannot speak much to the phytolith morphotype dominance
relationship with subfamily for Aristidoideae, Arundinoideae and Pooideae as each of them
was represented by one species. Rondels are the most redundant phytolith morphotype as
they occurred in all the five grass subfamilies studied here in agreement with previous studies
(Novello et al., 2012; Cordova, 2013).

6.1.3 Eudicot plants of KwaZulu Natal: phytoliths and their taxonomic potential

In this study, eudicots (mostly woody taxa) produced the most variably phytolith
morphotypes and it was difficult to associate a particular type with a given family in
agreement with previous studies (Bozarth, 1992; Albert, 2000; Mercader et al., 200¢a Col
and Neumann, 2017). This in agreement with Piperno (2006) that woody taxa may not be
identified as individual plants but phytoliths will identify them as a vegetation component.
Eudicots in this study area were mainly characterized by globular psilaéé bases,
epidermal ground mass (multicellular polyhedral and anticlinal epidermal cells), tracheids,
elongates, irregular bodies, stomata, bulbous structures, and; the more rare blocky and
sclereid morphotypes. They vary from abundant to rare ingargn species that they occur

in. These morphotypes have been previously associated with leaves or wood or bark of
eudicots in many parts of the world (Geis, 1973; Bozarth, 1992; Runge, 1999; Albert et al.,
2000; Albert and Weiner, 2001; Stromberg, 200gemo, 2006; Mercader et al., 2009;
Collura and Neumann, 2017). This is also in agreement with the recent study of eudicots
from the WRZ of South Africa (Esteban, 2016). Of these morphotypes, it is the multicellular

polyhedral and anticlinal epidermal ksglglobular psilates, hair bases and to some extent
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stomata complexes that can be marked as the most common morphotypes of eudicot
phytoliths in this study similar to other African modern phytolith studies (Mercader et al.,
2009; Collura and Neumann, 2QEsteban, 2016).

Multicellular polyhedral epidermal cells and globular psilate phytoliths appeared to be
the most recurring phytolith types in the eudicots of this study. Globular psilate phytoliths are
also reported to be the most recurring type inwbed of African woody taxa (Collura and
Neumann, 2017; Esteban, 2016) while multicellular polyhedral epidermal cells were also
found to be the most common type of dicot phytoliths by Bozarth (1992). Multicellular
polyhedral and anticlinal epidermal cellsedound in the leaves of many deciduous trees
(Rovner, 1971; Bozarth, 1992). In our study, articulated polyhedral and anticlinal cells were
also characteristic of many species with the polyhedral type appearing to be more common
similar to Esteban (2016Multicellular anticlinal structures were only abundanfcalypha
glabrata, Acalypha sonderiangdEuphorbiaceae)Celtis mildbraedii(Celtidaceae)Millettia
grandis (Fabaceae) andrichillia emetica (Meliaceae).Those inC. mildbraedii appear
unique in heir layout because they haweiformly sinuous cells and are often embedded with
stomata, a character observed only in this species. Schiegl and colleagues also observed these
multicellular anticlinal structuresy C. mildbraediiin their burning experiment of the same
speciesat Sibudu (Schiegl et al., 200Bigure 8c).These morphotypes are associated with
deciduous trees in humid environments (Geis, 1973; Bozarth, 1992). However, both types of
multicellular epidermal cells occun monocots and dicots in both arboreal and herbaceous
taxa and are considered of little taxonomic value (Iriarte and Paz, 2009). Other than eudicots
plants, few polygonal epidermal cells were also observed in sedges in the curdgnt st
similar to Iriare and Paz2009). They observed also anticlinal cells in sedges but those
observed in the sedges in the current study are different from those in eudicots. The
epidermal ground mass in the form of multicellular spheroid/ellipsoid cells (mesophyll cells)
also from the epidermis of dicot leaves (Bozarth, 1992; Albert, 2000; Stromberg, 2003) were

generally a rare sighting in species studied here.

Following this reference collection that also included grasses and sedges,
morphotypes that can be considered galhe characteristic of eudicot plants are anticlinal
and polygonal epidermal cells, sclereids, irregular bodies, hair bases and globular psilates. In
addition, the stomata in the eudicots are different from those observed in sedges and grasses
and aresiml ar to the type referred to as Odicot
psilates are generally considered to be of little taxonomic value since they occur in a wide
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range of taxa including herbaceous monocots and arboreal taxa (PipernoHz@éjer, in
this study they are considered more typical of eudicot plants as they cannot generally be
associated with grasses and sedges in agreement with Runge (1999). This is also in
agreement with Mercader and colleagues who found globular psilatesypimad for trees

and bushes than they are for grasses in Mozambican vegetation (Mercader et al., 2009, 2010).

Although the majority of species studied here can be considered phytolith producers
(32 out of 42), many of them are single representativéseofamily they belong to making it
difficult to attest to phytolith production in the given family as a whidere so, phytolith
production wasnot consistenin most plant familiesFor example;species of the family
Fabaceae showed variability in phiyfo production with some species being high phytolith
producers, others low producersorfmm oducer s. This confirms Pirg
family wunder 6families whose phytolith ©pro
subfamilies and tribés ( Pi p e r namnjlies 2hat Oe&hjbited cdasistat phytolith
production when they wemepreseted by two or more species were: Celtidaceae (formerly
Ulmaceae, APG: CannabaceayphorbiaceaeMoraceaeand Myrtaceae marking them as
good phytolith prodcers in agreement with previous studies. These families (apart from
Myrtaceae) are among those whose reproductive structures are known to be good phytolith
producers while Celtidaceae and Moraceae are grouped under families where phytolith
production is ugally high (Piperno, 1989, 2006; Watling and Iriarte, 2013; Collura and
Neumann, 2017).

The two species of Myrtaceae studied here were relatively good phytolith producers
but this family was grouped under those that have no phytoliths or productioreis rar
(Piperno, 2006), confirming that phytolith production in many eudicot families is not always
consistent at family level. Worth mentioning, is the family Podocarpaceae, the only non
eudicot taxon in this study represented Pgdocarpus latifoliuswhich was a very good
phytolith producer although Podocarpaceae is among the families that are considered to be
phytolith nonrproducers or in which production is rare (Piperno, 2006). It produced many
globular psilates, bulbous structures and spiny irregular mbypés that were unique to it
and a quite similar to the wunique O0blocky h
in Podocarpus falcatusSome bodies iR. latifoliusin this study do look hairy like hair bases
but others were irregular with tlkier projections that look more spiny than hairy and these
are the spiny irregular bodighat are likely sclereidsThese spiny bodies are somewhat
similar to the 6knobdgpiloodaymAreraceas) meSttombery t h e
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(2003) a n des io Pratinny duianbnsdBurseraceae) (Watling and Iriarte, 2013).
Important to mention also Brachylaena discolq the only Asteraceae species in this study.

It produced various hair bases and some were the largest seen and look like polyhedral
epidermal cells or as if embedded in them. This may be the same large type that has been
described inMelampodium camphoratu (Asteraceae) by Watling and Iriarte (2013, Figure

5¢c). A blocky polygonal phytolith was obseryv
ridged bl ocks with psilate surfacesdo by Wat|
M. camphoratum( Fi gur e 5d) . Bl ocky polygonal phyt ol

are reported iBrachylaenaspp. and occur in few dicot families (Mercader et al., 2009).

Of major interest were the genefzeltis and Ficus (Celtidaceae and Moraceae
respectively)lthat produced diagnostic phytoliths or very specific phytoliths that made them
stand out. Common to them is the presence of cystoliths (verrucate bodies sometimes with a
stalk) and hair bases that are not necessarily present in all their species. dyheostarms
to previous studies that found cystoliths and hair bases common in Moraceae and Celtidaceae
(formerly Ulmaceae) and stated their potential in taxa discrimination (Runge, 1999; Piperno,
2006; Watling and Iriarte, 2013). Cystoliths were obsemedl. africanaandF. politaandF.
sur. Hair bases were observed@n africang C. mildbraedij F. ingens F. politaandF. sur
and may indeed be of taxonomic value as they appear different for either genus and are also
different from hair bases observedall other families. Hair bases i@eltis tend to occur
within multicellular polyhedral epidermal cells forming what Watling and Iriarte (2013) refer
to as O6hair base and pol Fiduesg.rdd Inot felpw eltleer ma | C
trend and was made up of only multicellular polyhedral phytoliths and large perforated
structures that are similar to those seen in sedges of the §ehaenoplectuand in the
eudicot Eugenia capensigdMyrtaceae). The polyhedraépidermal cells ofFicus sp.
(Moraceae) are mostly infused with silica creating thick globular bodies that give their
surface a verrucate appearance, a phenomenon that was observed in le®resssipa and
was referred to as bt tSaalerb evgr r(RDDt3 .s il Ini d
was also seen in the polyhedral epidermal cellMidiettia grandis (Fabaceae) albeit with

|l ess frequency and |l ess silicification of th

Distinct perforated plates were observedyom C. africanaand F. polita. These
plates are attributed to cork aerenchyma which is afillagt tissue that is often found in
humid forest trees although it can occur in species of drier habitats (Collura and Neumann,
2017). In their study, they fodrthese plates in the bark of only 8.7% of the species that they
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studied and are reported in the three specidSiafs in their study.Ficus politadeserves

special mention and further investigation because it had two microscope slides that produced
different morphotypes. The multicellular polyhedral cells, globular psilate, hair bases and
cystoliths were observed in one slide while the other had small globular verrucate bodies that
were thought to be O6i mmatur ed c Yyobulaododies hs t o
that are sometimes articulated in pairs and can appear slightly bulbous. These morphotypes
were only observed irFicus polita and are similar to those that are reported to be
characteristic of Restionaceae plants in the unique Fymbos vegetsithe south coast of

South Africa (Esteban, 2016; Esteban et al., 2017).

More specific forCeltis are phytoiths that are diagnostic of the genus. These are the
numerous echinate sculptured platelets with irregular edges that ocCuraificanaand
have been previously identified 0. occidentalis C. spinosaand C. tala (Bozarth, 1992;
Piperno, 2006lriarte and Paz 2009). These echinate platelets can differ in shape and surface
decoration among species and those observ€l africanaare met similar to those irC.
spinosain Piperno (2006) an€. talain Iriarte and Paz (2009). Also present were unique
conspicuous granular globular or irregular bodies occurring as isolated bodies or aggregates
forming large grainy masses that were uniqué.tafricana Various granular phytolith types
are said to occur in few species and are diagnostic for wood (Collura and Neumann, 2017).
Collura and Neumann observe unique globular bodies with cylindric projections in the bark
of Celtis adolfifridericii. The unique granular bodies seenQaltis africanaalso appear to
be made up of very grainy projections that radiate from the centre of the body and unlike
those ofC. adolfi-fridericii, they have no globular body in their centre. Another special
phytolith type inCeltisis made up of articulated polygord&e cells that appear cavate and
were observed in botl. africanaand C. mildbraedii This type is similaea
cavate fimbriated attri but €.dnildbred by Cdlluracandf i ed ¢
Neumann (2017) but with thinner cell walls. The authors name this blocky cavate
morphotype as diagnostic f@. mildbraedii This type is also observed in the wood ash of
burning experiments of. mildbraediiand is presented as a silica skeleton in Schiegl et al.
(2004) in Figure 5In this current study, those observeddnafricanaappear less silicified
and several have spaces within them while those imildbrediiare always fully articulated
with no paces. However, conspicuous large thick plates with cavates odCumitdbraedii
and this is the type that we found very uniqueCtomildbraedii The plates look like

127



aerenchyma tissue because of the cavates that give an impression of regularqrerfasati

cork aerenchyma. These plates could not be easily interpreted from the available literature.

Lastly, it has been noted that some species presented in this study as without
meaningful phytoliths or as generally lacking phytoliths may be presamtether studies
with phytoliths in them. For example, phytoliths with a consistent morphology were present
in Sideroxylon inermé Esteban (2016) while they were absent in this study. This may be a
result of the loss of the few phytoliths obtained dypmeparation given that eudicots are low
phytolith producers compared to grasses and sedges (Piperno, 1988, 2006). The presence or
absence of phytoliths in a particular species in this study should therefore be treated with
caution. However, the aim ofustying the modern eudicot species was to determine the
relevant phytolith morphotypes that occur in them to aid environmental reconstruction from

the archaeological record which was achieved.

6.1.4 Implications for archaeological and palaeoecology studies

One of the objectives of this study was to provide a standpoint from which to interpret the
fossil phytolith assemblages in emerging archaeobotanical studies in South Africa. This was
achieved by assessing phytolith production in ecologically and ecoallyrimportant plants

from the SRZ of South Africa. The results of this study support what has been widely known
about the application of phytolith analysis and phytolith morphologies established from taxa
of other regions apply to South Africa. To thisde phytoliths from sedges follow the know
function of identifying most sedges studied at family level and specific sedge genera
identification in some. As previously documented, it is possible to identify in the
archaeological and palaeoecological redbel gener&yperusandKyllinga (Piperno, 1989;
Ollendorf, 1992; Iriarte and Paz, 200RernadezHonaine et al., 2009) and noRycreus
(FernadedHonaine et al., 2009; this study). This study supposes that it may also be possible
to identify the genusSchoaoxiphiumfrom the palaeoenvironmental records although a
distinction fromCarexis likely not possible as its achene type is similar to one of the types
found in Carex (see Piperno, 1989). At Sibudu cave, seed studies have confirmed the
presence ofScloenoplectusand Cladium species during the MSA Sievers (2006, 2013),
however in this study these genera did not produce diagnostic phytolith morphotypes that can
identify them in the archaeological record other than the classicst@ped phytoliths.
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Cladium mariscusppears to be the species with the highest amount of bulbous structures, a

type that has been seen in sedges and eudicot plants in this study.

The unique hemispherical and spherical bodies observ&tleria would also be
useful in identifyingthis genus as suggested by Metcalfe (1971) as they were observed only
in this genus. However, it is not clear from phytolith studies if this type preserves in soils as
these bodies have been previously published in modern sedges only in Metcalfe (#971) an
Bamford et al. (2006). Bamford et al. found these bodies in a spedteg@hasp. but not in
the fossil recordFurther studies are needed to confirm the extent to which these unique
bodies occur irScleriaand Fuirena The presence of parallelepipbtbcky morphotypes in
the archaeological and palaeoecological record can also be attributed to a sedge origin as they
have proven to be an important component of sedge phytoliths in most species in this study
and in previous studied~¢rnadezHonaine et a] 2009; Novello et al., 2012). They are
reported to occur in grasses and woody taxa (Albert et al., 2000; Mercader et al., 2010;
Collura and Neumann, 2017). Sometimes these parallelepiped bodies are not blocky but are
tabular elongate and these are simitathose referred to as parallelepiped thin or elongate
and were found to occur in sedges and other mon@Batsford et al., 2006). In this study,
they were also observed in sedges and grasses. Although their percentages may sometimes
appear relativelyow in some species due to the abundance of-sbhaped phytoliths, the
numbers of blocky phytoliths recorded in any sedge species were often over and above those

found in any grass and eudicot plant in this study.

More so, coneshaped phytoliths are regped to not preserve well in modern soils
compared to their abundance in living sedges (Carnelli, 2002; Iriarte and Paz, 2009; Novello
et al., 2012)Blocky and elongate phytoliths were found to be the dominant types in modern
soils where sedges were whehe prevailing vegetation and ceskaped phytolith remain
very few even when sedges were the only plant taxa in the vegetation (Novello et al., 2012).
Few cones are therefore expected to occur in the fossil record. Therefore even when cone
shaped phytalhs occur in low amounts in the archaeological record, an abundance of
parallelepiped blocky phytolith may point to a sedge origin. However, making such an
interpretation in the absence of the more family specific -shiaped phytoliths would be

problematt in itself (Novello et al., 2012).

Knowledge of possible vegetation types that existed in the past would allow

archaeological studies to narrow down the most potential source of such ubiquitous phytolith

129



morphotypes (Collura and Neumann, 2017). For etamblocky morphotypes can be
attributed to grasses in open vegetation (Collura and Neumann, 2017). These morphotypes
are generally redundant but as seen in this modern reference collection, parallelepiped
phytoliths are more characteristic of sedges thay are of grasses and woody plants. These
low numbers could be related to the fact that woody taxa are low phytolith producers
compared to sedges as will be discussed later on. They were present in both grasses and
eudicots but rarer in grasses comparedudicots. This can only be speculated as it remains

to be seen if this is the case across South Africa as modern phytolith reference collections for
the region are still scanty. A new study from the south coast of South Africa indicates that
blocky pasllelepiped phytoliths occur in small numbers in woody taxa but mentions them as
the second most recurring phytolith morphotype and does not mention them in grasses
(Esteban, 2016). Blocky parallelepiped phytoliths are reported to specifically occur in the
bark of woody plants (Collura and Neumann, 2017) however, this current study and that of
Esteban (2016) did not concentrate phytoliths from bark alone but rather extracted phytoliths
from wood samples with bark adhered to them. It is possible that thisbcted to the low
numbers of blocky morphotypes in the woody species in which they occurred since eudicots

are generally low phytolith producers compared to grasses and sedges (Piperno, 2006).

The grass species in this study, although far less thadatbest modern grass
phytolith reference collection in South Africa (Rossouw, 2009), they followed the already
established trend of grass phytolith morphology and high phytolith production (Twiss et al.,
1969; Twiss, 1992; Piperno, 2006). The modern pititelssemblages generally conform to
the known major grass subfamily classifications especially for Panicoideae, Chloridoideae
and Aristidoideae in agreement with Rossouw (2009). When bilobate phytoliths are abundant
in the archaeological and palaeoecatagi record, they point to a Panicoideae and
Aristidoideae origin with some morphological considerations that may separate the two while
abundant saddles point to a Chloridoideae origin. The one Pooideae specEsigsp.)
analysed in this study coulebnallow for generalisations about this subfamily as it produced
bilobates, saddles and rondels as seen in C3 grasses in the WRZ (Cordova, 2013; Esteban,
2016) and although rondels were the most dominant, it produced rather high amounts of
bilobates and shlles not previously seein this subfamily in African high altitude/cold
climate C3 grasses (Bremond et al., 20@Bordova, 2013, Esteban, 201durungi et al.,

2017). Unlike the WRZ, the SRZ is dominated by C4 grasses (Scott, 2002; Cordova, 2013)

and during collection of voucher specimen it was the only species of Pooideae encountered.
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C3 grasses in the SRZ are known to occur in a few high atauels (Cordova, 2013) and it

will be necessary to study the extent to which they occur in the study area and their phytolith
morphotypes so as to confidently discuss the type of phytoliths they will leave in the fossil
record.

The other C3 grass subfdynstudied was Arundinoideae which was represented by
the speciesPhragmites australisvhich also showed redundancy of the rondels. It was
domi nated by various kinds of rondel phyt ol
types that are similar to tee seen in some Chloridoideae specie and this was also observed
by Cordova (2013). Ot-ileapddd@nr drhdcAristida sprhusee réke
rondel phytoliths in this assemblage therefore lend themselves to no easy interpretation as
they occurin all the subfamilies studied here. The abundance of these morphotypes in the
fossil record at Sibudu was also precisely why this reference collection was conducted.
Although no concrete answers have been obtained, it remains that the main morphotypes
bilobates and saddlesare informative of past vegetation and they will likely occur in the
fossil record in combination with rondels as observed in the modern assemblage. In the WRZ,
rondels were found in both C3 and C4 grasses and attribution to Gagthat dominate this
region was based on them being most abundant in those grasses (Esteban, 2016). Generally
this study shows that bilobates and saddles are the types to be related to grass subfamily
identification when found in the fossil record an@réfore make climatic inferences in the
SRZ. This is in agreement with Esteban (2016) who also found bilobates and saddles as the

most important morphotypes for C4 grasses in the WRZ of South Africa.

In woody plants (under eudicots), phytolith productioaswiound to be unevenly
distributed in most plant families studied in agreement with previous studies in Africa
(Mercader et al., 2009; Collura and Neumann, 2017). More so, phytolith production in
eudicot plants was found to be much lower compared toagaasd sedges as previously
noted (Albert, 2000; Strémberg, 2003; Piperno, 2006; Mercader et al., 2009; Collura and
Neumann, 2017) and more recently for South Africa (Esteban, 2016). It has been reported
that only 10% of woody species globally containcsilin their wood making it difficult to
detect the presence of wood in a fossil phytolith assemblage, more so because the
morphotypes produced in wood such as globular psilates occur in other plant organs (Collura
and Neumann, 2017). Their study separdiak and wood in the woody specimen studied

and they found that they produce different phytoliths and that bark produces more phytoliths
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than wood. Several of the aforementioned studied also extract phytoliths from leaves and
wood (with bark adhering) seqzdely.

This current study did not focus on making this distinction in plant organs and
different plant parts were studied as a whtwemimic the archaeological record as the
interest was in understanding the kind of phytolith morphotypes they gengradlyce as
plant groups for interpretation of the fossil phytolith record. It is unlikely that the early
humans used the many firewood species identified from Sibudu (Allott, 2004, 2006) by first
separating the wood and bark. Specifically, the incentive tiiss phytolith reference
collection was the abundance of globular psilates and blocky parallelepiped phytoliths that
occurred in the fossil phytolith assemblage of Sibudu. The focus of this reference collection
therefore was to identify these two morpjpss in the modern vegetation so as to determine
their plant origin with some level of confidence as they are sometimes considered to be
ubiquitous while other studies have linked them with woody taxa (Runge, 1999; Albert,
2000; Piperno, 2006; Mercader @&t 2009, 2010). More so, the phytoliths that would be
produced by different plant parts of eudicots have previously been documented (e.g. Piperno,
1989; Bozarth, 1992; Albert, 2000; Stromberg, 2003; Bamford et al., 2006; Piperno, 2006)
and can still be i@ntified in this kind of modern phytolith assemblage and their plant part

origin determined.

To this end, their leaves are associated with tracheids, multicellular polyhedral and
anticlinal structures, globular phytoliths, hairs/hair bases and the ratelittys; wood is
associated with globular phytoliths (psilate and granulate) and the rare nodular and granular
aggregate phytoliths; while bark is associated with sclereids, fibres, blocky types, cork
aerenchyma angdlobular phytoliths (e.g. Bozarth, 199&lexandre et al., 1997trémberg,

2003; Bamford et al., 2006; Esteban, 2016; Collura and Neumann, 2017). Reproductive
structures in various families tend to produce unique and sometimes diagnostic phytoliths
(Piperno, 1989, 2006; Bozarth, 1992; Iriasted Paz, 2009). Redundancy in plant parts is
therefore still eminent with some types such as globular phytoliths occuring in leaves, seeds,
wood and bark (Piperno, 2006; Mercader et al., 2009; Collura and Neumann, 2017). These
morphotypes were found in theudicots in this study and therefore taxa from this part of
South Africa generally follow already established morphological trends from other parts of
Africa and the rest of the world’herefore among the aforementioned morphotypes, this
study consideredglobular psilates, tracheids, multicellular polyhedral and anticlinal
structures, hairs/hair bases, cystoliths, sclereids, blocky types, stomata and cork aerenchyma
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as the key morphotypes that indicate woody taxa in the fossil réidoechorwoody eudicot

Rhoicissus tomentogaoduced anticlinal and globular morphotypes but they were very rare.

However, some of these morphotypes are known to occur in monocots as well i.e.
tracheids, blocky types and globular psilates mainly (Piperno, 2006; Iriarte and0P8z,
Mercader et al., 2009). This was also confirmed by this study as tracheids were seen in
sedges and rushes (Juncaceae) while blocky phytoliths were common in sedges and rare in
grasses. Given that sedges produce a much higher number of phytolireutheots, the
parallelepiped blocky morphotypes in sedges are much more abundant compared to those in
eudicots. They were generally not common across eudicot taxa but ranged from common to
rare in taxa in which they occurred. Sedges were not part ofthestudied in the WRZ of
South Africa and parallelepiped blocky phytoliths are associated with woody taxa (Esteban,
2016). This current study supposes that it might be possible to separate the tracheids
occurring in eudicots from those in monocots (gressedges and rushes) as they appear
much larger, thicker and can be branched, although the small sizes in monocots also occurs in
eudicots. Basically the large complex tracheids seen in eudicots were generally not associated
with monocots. Bozarth (1992)ef er s t o t hese | arge types as
and a branched structured6 that are formed i
This possibility of separating tracheids in monocot and eudicot taxa needs to be further
investigded to make more specific interpretation when they are found in the archaeological

record.

Worthy of attention are the globular psilates which were common in the
archaeological record at Sibudu that did not appear as redundant or ubiquitous in the modern
plant reference collection as they are often considered (Piperno, 2006). Globular psilates were
generally the most recurring type in eudicot plants as observed in South African and West
African species although numbers among species vary from rare tcaalb(Edteban, 2016;
Collura and Neumann, 2017). In this reference collection, globular psilates are generally
characteristic for eudicot plants (in particular the trees and shrubs) and were absent in grasses
and rare in sedges in agreement with Runge (199® reports them absent in both taxa.
Globular psilates were ranked last among the morphotypes produced in Mozambican grasses
and were rather associated with woody taxa and bushes and were not mentioned in South
African grasses (Mercader et al., 20091@0Esteban, 2016)slobular granulates that can
occur also in both monocots and eudicots but are often associated with trees (Alexandre et al.,
1997; Barboni et al., 1999; Piperno, 2006) are absent in all the taxa studied here.
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Lastly, it is important to mention that it is only the genGeltis africana
(Celtidaceae,) that can be identified in the archaeological record as it produced diagnostic
stippled plates and granular aggregates while cystoliths might allow for the identification of
some families i.e. Moraceae and Celtidaceae represented heregapénaCeltisandFicus
Cystoliths are reported to be common in the leaves of Moraceae, Celtidaceae, Cucurbitaceae,
Acanthaceae and Urticaceae (Runge, 1999). The hair bases of Moraceae and Celtidaceae also
seem to be important in separating the two fesiin agreement with Iriate and Paz (2009).
Several families in this study produce hair bases that tend to not always look similar and may
be of some taxonomic importance. Species of the same family tend to show various hairs
with some types common to tne For exampleEugenia capensiand Syzygium cordatum
(Myrtaceae) produce various kinds of hair bases but they have a type that was similar in both
and not observed in other species in agreement with Piperno (2006) that hair bases can be
useful in taxa dicrimination. Hair bases were only observed in eudicot taxa and it has been
suggested that they may not be preserved in soils making them less useful in archaeological
and palaeoecological studies (Piperno, 2006). Generally because few taxa produge silica
their wood, it is suggested that many may not leave a signal in the archaeological record
making it difficult to trace wood in particular (Collura and Neumann, 2017). Wood phytoliths
are mainly globular psilate or decorated morphotypes and the morediagrostic

nodular/granular aggregate bodies (Collura and Neumann, 2017).
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CHAPTER SEVEN

THE ARCHAEOLOGICAL PHYTOLITH ASSEMBLAGE

7.0 Introduction

This chapter presents results of the types of phytoliths and of plant taxa utilised by early
humans obtained from the anatysf phytoliths preserved in 2diddle Stone Age (MSA)

sediment samples obtained from #wuth profile of square C4 ardo from C2 andC 5 .

They span the period from mdbepeeStllBay 71k 71 ka
the Still Bay (fF 71 XaagposHéiwwe @esos s P ot t ( 5
complexes or occupational phases (See Chapters 1 and 2). This chapter therefore presents an
attempt at reconstructing the vegetation and inferredceded climatic conditions that

prevailed at Sibudu during this periadd humasplant interactions ahe site.

7.1 The MSA phytolith assemblage

Phytoliths are abundant and diverse in the fossil assemblage of Sibudu and all the samples
analysed produck statistically sufficient amounts that provided information regarding the

type of plants utilised Yo early humans during the MSAhe fossil assemblage is largely

made up of grass shextlls, blocky parallelepiped and elongate phytolith morphot{fpies

7.1). The other common morphotypes are globular psilates and other blocky types. Other
types include tabular elongates, acicular phytoliths, Cyperaceae (sedge) phytoliths (cone and
achene types) and several ot h e rartictulatepl silca r e f er
skeletons (that include polyhedral epidermal cells), bulbous structures, tracheidsa stotha
sclereids Those grouped under ¢ Otmmenty@ssariated withe ner a
eudicots in general and because they often occurreahall numbers individually, they were

grouped togetherSelect examples of these morphotypes are illustrated in7Fg, b, c.

Most of thephytolith terminology in this chapter follows that used in the modern reference
collection (Chapter Five). Most of the morphotypes mentioned above were also observed in

the modern phytolith reference collection, notably the grass-ehlbst globular p$ate,

blocky parallelepiped, bulbous structures, cone and achene phytoliths, tracheids, rpblyhed

epidermal cellstabularand elongatghytoliths. Few morphotypes observed in the modern
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specimens were rare or not observed in the fossil record suchtal#ttyshair bases and the

diagnostic echinate bodies G€ltisafricana

7.2 Phytolith relative abundance and inferred plant taxaat Sibudu

Down-profile variations in the relative abundance of the fossil phytolith morphotypes are in
the phytolith diagram FigZ.1 produced by the TILIA software (Grimm, 2007). Tallé in

the Appendixshows the data sheet showing the relative abundance of eaphatype in

each sampleThe phytolith diagram is described below in terms of phytolith abundance and
plant taxa identified and to ease interpretation, phytoliths zone boundaries have been adopted
according to the techrmomplexes/occupational phases digmxl earlier in the thesis
(Chapter 1 and 2), whose age clusters are described for Sibudu (Jacobs et al. 2008a, b) (Fig.
7.1). Based on the modern phytolith reference collection in Chagted Hand the literature,
important fossil phytolith morphotypesre interpreted as follows: Phytolith short cells are
associated with Poaceae (grasses) and in the fossil assemblage are represented by saddles,
lobates (crosses, bilobates and polylobates) and rondels; while cone shaped and achene
phytoliths are charaatistic of Cyperaceae (sedgesh new group ter med
anticlinako (Fig. 7.1) that were observed ithe fossil record(Fig. 7.2c bh-bj) that often

appear lindike in a general conical shape were similar to those seen in the modern sedges
studiedand was therefore tentatively considered to be produced by s&igbslar psilate
morphotypes are associated with ligneous dicotyledons that include trees/shrubs and are
interpreted as mainly representing forest taxa in this study following the moderence
material. Blocky parallelepiped morphotypes are generally considered reduiitharnigh

most studies associate them witlbody taxa (e.g. Albert2000; Mercader et al., 2009;
Esteban, 2013)ut their abundance in ttf&budufossil record requiredrainterpretation and

from the modern reference collection they are associated with sedges and to a lesser extent,
grasses andioody taxa.The major phytolith classifications used in the graph in Figjare

based on results of the modern phytolith stuahg the literature.What follows is a
description of the results of phytolith analysis following the known Sibudu tectimplexes

and their chronology.
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7. 2. ¥StPirlel -B8Yy: (Preg 71 ka

Four samples were analysed from this period in the lower part &illveludeposits (layers
BS8, LBG3 (ii), LBG2, LBG)(Fig. 7.1). The samples yielded phytolith assemblages that are
dominated by grass silica short cells (2848.6%) that are composed mlg of lobates (1.2

T 25.3%) and rondels (11l 20.9%). Other major morphotypes are elongatesi(87.6%),
globular psilate (2.3 18.2%), blocky parallelepiped (3i115.6%), sedge phytoliths (cone
shaped and achene types) (1L.8.5%) and saddle shappdytoliths (1.81 4.1%) (Fig.7.1).

This period therefore suggests that various taxa were utilised at Sibudu and theoregetat

the vicinity wasa mix of grass, sedge and woody plants

7.2.2 Still-6Bkay (SB): [ 71

Two samples were analysed frahis period from the layers RGS and a black lens. Lobates
and rondels remain the most abundant grass silica short cells and occur in almost similar
amounts as in the previous layers (L.20.3% and 12.6i 22.9% respectively). Globular
psilates remain lowl1l.17 11.7%), blocky parallelepiped remain constant (10.85.3%),
saddles remain in insignificant amounts (0.61.1%) while sedge phytolithécones and
achenes)ncrease slightly reaching 8.6% (Fify1). This period therefore represents a mix of

grass, sedge and dicotyledonous plants.

7. 2.3 Howiesonsbh8kaort (HP): F 62

Seven samples were analysed from this section,7HglLayers: PGS2, PGS1, PGS, GS3,
GS2, GR, H1 RB). Grass silica short cells vary from 9.1 to 41.4% with rondels being the
most dominant (6.8 24.8%) followed by lobates (118 12.5%). Saddle shaped phytoliths
remain very low at less than 4.1%. Blocky palalpiped phytoliths increase especially in the
upper part of this section (9i822.9%). Globular psilate phytoliths vary between 4 to 17.9%
while cone shaped and achene phytoliths account for 0.5 to 4.7% in the assemblages in this
section. This section ahe profile is peculiar because it was dominated by pecsiibr
globularto irregularbodies appearing lightly granulateat were always brown in colour,
articulated or as single bodiésig. 7.2a: p-v and 7.2l w-al). Most of those illustratedre
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from the GS layersThey are of varying forms and were all grouped together although some
are thought to be Cyperaceae (sedge) cones given their presentation and size, which may
have been weathered by some process (FRg p-v). The amount of sedge plojiths is

likely underestimated for this period but proper sedge phytoliths were commonly occuring
with these peculiar bodies in the GS layers (Figa: a-0, most of these are from the layer
GS2and GS3 These morphotypesccur in five layers and are stoabundant in the layers

GS2 and GS3 were they contribute 44.6% and 60.7% of the total couri.(rig-hey occur

in lower amounts in the three preceding layers PGS, PGS1, PGS2 contributing 22.8%, 33.6%
and 23.3% respectively (Fig.1). Thesesubglobularirregular bodies are only somewhat
similar to those seen ficus politain the modern reference material (See Chapter Fige,

5.3c m, n) but look similar to Restionaceae phytoliths of Cordova and S@i10) and
Esteban et al. (20)7Reseathers working with Restionaceae phytoliths in South Africa
identified the ones in this study as restio types on seeing them (Esteban and Novello, pers.
comm, 2015).These morphotypes suggests an important human activity during tha& HP.
scalloped phytolith(Figure 7.2c. bg was encountered in the layer GS2 during scanning for
unique types after the set total phytolith count was reached and is therefore not part of the
counts presented her®calloped pitoliths are associated withe family Cucurbitaceaghe

gourd family)with the genugucurbita(squash) in parituclgBozarth,1986,1987; Piperno,

1989).

An in-situillustration of thesubglobular to irregular bodies that occur in HP layers.
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7. 2.4 Post Howieson#i8kRoort (Post HP): F 58

This section is represented by a phytolith assemblage from 14 samples (Layers from H1 in Br
under YA2 (i) at the bottom of the profile to Iv at the top (Fid)). GSSCs for this period

range from 4.3 to 50.3% with rondel phytoliths contributing betweam® 42.1%, lobate
phytoliths varying between 0.9 and 13.9% while saddle shaped phytoliths remain very low (0

i 4.9%). Blocky parallelepiped phytoliths are most abundant in this section of the profile and
reach their highest here (8.8 to 35.1%). Globu&lliage phytoliths remain in amounts similar

to the other periods but reach their highest in this periodi (286%). Elongate phytoliths

are also most abundant in this section (12.3 to 32.9%). Cone shaped and achene phytoliths
remain low varying betweef@l and 4.4%. This period therefore represents a mix of grass,
sedge and dicotyledonous plants in the surrounding veget&iomlar to one of the HP

layers, a scalloped phytolith was encountered in the layer Y @&lgire7.2c a2).

139



Figure 7.1: Phytolith histogramfor Sibudu Cave showing the relative abundance of each morphotype expressed as a percentage o

assemblaget Recognisable hearthvthich occurs inthe two layers Br Under YA2(i) and RB.
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