CHAPTER 1. INTRODUCTION

1.1. Introduction

Charcod is one of the most commonly recovered materids from archaeologica Stes.

It is, however, sdldom studied as a routine part of post-excavation andyses. Charcoad
andyss (anthracology) is a research fidd that requires specidised knowledge of
wood anatomy, plant ecology and archaeology, thus permitting interpretation of the
charcod assemblage.

Charred plant remains, and more specificaly charred wood, are influenced by cultura
section and aso by the environmenta conditions from which the plants are derived.

Charcod can therefore be used to examine uses of wood a an archaeologica ste as
well as the vegetation environments in which the dte occupants lived. Evidence for
changes in pdaeoclimate can be inferred from the charcod assemblage and this
andyticd approach forms the focus of the current study.

1.2. Aims

Primary ams of this Sudy are:

To establish whether the charcoal from Sibudu Cave can be used to infer
palaeoclimatic conditions during the Middle Stone Age occupation.

To reconstruct the vegetation types which were in existence around
Shbudu Cavein theLast Glacial.

To infer palaeoclimatic conditions and changes in climatic conditions

using the charcoal data.



To compare and contrast the evidence for changes in palaeoclimate with
evidence from other proxies at Sibudu Cave and proxies from other sites with
palaeoenvironmental recordsin South Africa.

To egtablish whether the climatic conditions at Sibudu Cave were the

result of global changes in climate or whether the data show evidence for
localised vegetation and climate change.

These primary ams are broad and severa intermediate steps are necessary for these
ams to be achieved. It is necessay to develop the existing modern wood
comparative collection to include taxa that are found in the Sibudu Cave region and
aso from neighbouring regions. Each taxon has a unique set of anatomical characters
that can be likened to a fingerprint. These anatomica festures are compared to
features recorded in the modern reference materid and in doing <o it is possble to
identify the specimens.  As the research focus is based on establishing evidence for
changes in vegetation and cimate, it is imperaive that the reference collection
includes a wide range of taxa from different vegetaion communities. Developing the
reference collection will fadllitate charcod identification in this dudy and the
collection will provide a resource for future research projects undertaken at Sibudu
Cave and other Sites.

Usng charcod as dther an indicator of culturaly influenced activities or as an
indicator of paaeoenvironments requires severd assumptions to be made. The
gatements made below will be tested as hypotheses. Assumptions surrounding these
hypotheses and ways of recognisng patterns in the data are proposed here and
elaborated on in later Chapters of the thesis.

Wood was selected and brought to the site primarily for usein fires.
If this hypothesis is true the assemblage is likely to be biased towards good fud wood
types. Information in the literature on the culturd uses of wood will be drawn upon
for the identified taxa to establish whether good fuedwood has been collected in



preference to poor fudwood. Evidence for activities undertaken a the dte that may
have required wood will dso be documented. It is necessary to assess the impact of
cultural sdlection upon the assemblage to help edtablish the degree to which the
charcod data can be used as an environmentd indicaor.

Taxa in the assemblage will be indicative of the vegetation environment

around the cave during the M SA occupations.
For this hypothesis to be true, wood selection must not over-shadow the evidence for
the paaeovegetation. An assemblage with low taxon diversty or an assemblage that
does not contan many indicator species may redrict the paaeoenvironmenta
interpretation. It adso implies that the wood was acquired from vegetation habitats in
the immediate surrounds of the cave. It is possble that wood may have been brought
to Sbudu Cave from severd vegetation habitats, however, it must be assumed that
the mgority of taxa were collected from the immediate cave surrounds
Circumstances in which taxa would be collected from more distant sources include
harsh dimatic environments, over-exploitation of the resources around the cave that
may have led to a reduction in the available wood resources, or the requirement of a
specid type of wood not present in the cave region. It is shown in Chapter 2 that
pdaeoenvironmentd data from dtes in southern Africa do not indicate that climates
were ever harsh enough during the Last Glacid to produce such margind vegetation
environments. It is harder to prove that over-exploitation was a poblem in the MSA,
however, the farly low dendty of people (when compared with the Holocene) does
not support this suggestion. Woody taxa that are anomaous, ether environmentaly
or culturdly, will be trested with caution

Changes in the charcoal assemblage will provide evidence for
environmental and climatic changes.
It may be possble to infer climatic changes from the charcod data, however, the
degree to which this will be possble will rely upon the assemblage compostion.
Charcod andyses make use of data on the modern didributions, habitats and



environmenta requirements of the plants.  This gpproach assumes that plant
requirements have changed little through time and that the associaions of plants with
each other in the past were Smilar to their modern associations.  As with most other
palaeoenvironmental gtudies it is necessary to assume that modern scenarios can be
gpplied and are relevant to the past. Some plants are heterogeneous, occurring in a
range of habitats and adapting to different climatic conditions. Other taxa are habitat
or niche specific, and it is these that will be most vauable for recondructing an image
of the past vegetation. In this thesis niche specific plants are referred to as indicator
Species or taxa. The modean data are then projected onto the archaeologica data to
condruct an impresson of both the vegetation and the likdy climatic conditions in
which the identified taxa could have grown. Modern data can be used for
combinations of taxa as wel as for an individud taxon. The merits of this type of
gpproach are critically assessed in Chapters 4 and 5.

Severd sudies of archaeologicdly recovered charcod have been undertaken in South
Africaa. Mot of these have focussed on assemblages from Later Stone Age (LSA)
contexts. This is because preservation of charred remains from LSA dtes tends to be
good and the resolution of dates for the associated deposits has, until recently, been
better than in older archaeologicd dte contexts Two exceptions to this study focus
are Scholtz's (1986) and Esterhuysen's (Harper 1994) exploratory studies of Middle
Stone Age charcods from Boomplaas Cave and Rose Cottage Cave respectively. In
recent years dating methods for deposits older than 40 000 years ago have improved
dramaticaly in terms of their resolution and dso the types of materids that can be
dated. These developments have enabled re-dating and the reassessment of sequences
that had previoudy been difficult to correlate with one another.

A common feature of charcod sudies in South Africa is the use of combinations of
paaeoenvironmenta proxy data to which the charcod sequences have been
compared. Most paaeocenvironmental proxies provide a biased view of

palaeovegetation, fauna, or climatic conditions and this is paticulaly true of



archaeologically derived proxies. To overcome this, combinations of data have been
drawvn on by past researchers in order to provide the most comprehensve image of
the palaeoenvironment as possble. This type of approach will dso be used for this
study.

The charcod andyss forms a smdl part of a larger research project being undertaken
a Sbudu Cave. As a whole the research objective is to understand the
environmentad condraints (if any) in which the Sbudu Cave occupants lived. It will
be possble in the future to corrdate culturd and paaeocenvironmental sequences
from the dte to edtablish whether environments influenced the behaviour of the ste
occupants.  Environmenta determinism as a theory for driving cultura adaptations
has been very much out of favour. In southern Africa there is very little bass for
uggeding that changes in done tool technologies were coincident with cdimatic
changes. It remains a possbility, however, tha changes in vegetation and the
resultant migrations of fauna may have influenced the activities undertaken, the
locations of people and the plant and food resources avalable. Evidence for changes
in behaviour need not be present in stone tool technologies but rather in the
compogtion of archaeological charcoa assemblages, ephemera dtructures (such as
hearths), or faund assemblages By ganing a cearer knowledge of regiond
palaeoenvironmenta records through sudies such as this and by combining or
comparing the results of these dudies to produce an image of broader scae
environmental changes it will be possble to assess the effects of climate change upon
MSA populations. This study is intended to fill a gap, both spatidly and tempordly,
in the paaeoenvironmental record for the Lagt Glacid in southern Africa and thus

contributes region specific data to the available records for southern Africa



1.3. Chapter Summary

The chepters of this thess can be divided into severd broad topics including;
background information and literature, methodologies, and andyss.  Although these
have been separated usng chapters there is some overlap, particulaly in the
placement of information summarised from exigting literature.

In Chepters 2 and 3 data are given on pdaeodimatic conditions during the Lagt
Glacid. Chapter 2 includes a literature review of paaeoenvironmental data derived
usng proxies from paaeoecologicd and archeeologicd dtes in South  Africa
Common threads of informaion ae highlighted to produce a summary of
paaeoenvironmental conditions in the summer and winter rainfal regions of South
Africa.  Pdaeoenvironmental data from Sbudu Cave ae presented in Chapter 3.
This chepter dso incdudes informaion on the dudy dte its location, geology,
dratigraphy, archaeology and the absolute dates that are currently available for the
MSA deposits.

In Chapters 4 and 5 | examine the methods used for charcod identification and
andyds. Chapter 4 contains a literature review of commonly used methodologica
agpproaches and this data is presented as a theoretical discusson. Methods of
identification and andysis that are employed in this study are presented separatdy in
Chapter 5.

In this thess two different analytical approaches are used, the results of which are
presented in Chapters 6 and 7. In Chapter 6, descriptive, quditative andyses are
used, while in Chapter 7 the results of datigticd and other quantitative andyses are
presented. Smilaiities and differences noted usng the two approaches are
summarised at the end of Chapter 7.



The man discusson of the results is given in Chapter 8. In this discusson the
charcod andydss results are compared to data from other paaeoenvironmenta
proxies from Sibudu Cave and to data obtained from other Stes in South Africaa A
discussion of the evidence for differing climatic conditions between Oxygen Isotope
Stages (OIS) 3 and 4 is dso presented. Similarities and differences that are evident
from a range of environmenta proxies studied both at Sbudu Cave and other Stes in
South Africa are discussed.

In Chapter 9, conclusons reached during this project are presented and paaeoclimatic
conditions that ae evident through the charcod andyss are summarised.
Assumptions that were presented above (pp 2 to 5 this Chapter) are returned to and
the accuracy and value of these assumptions are discussed.  Queries arisng from the
project and directions for future research are suggested. The suggestions are specific
to this project and to the future of charcod analysisin southern Africa



CHAPTER 2. EVIDENCE FOR PALAEOENVIRONMENTSIN
SOUTHERN AFRICA DURING THE LAST GLACIAL

2.1. Introduction

Many environmental recongtructions in southern Africa have focussed upon the Late
Quaternary, including the Lagt Glacid Maximum (LGM) a about 18 000 years ago
and the Holocene from 10 000 years ago to present. There are, however, scattered
environmenta records for the preceding period encompassing OIS 4 and 3 between
70 000 and 18 000 years ago. Evidence from these sudies is reviewed and
gynthesised here to provide an overview of some of the globa environmentd changes
that occurred during this period and to examine shifts in cdimate and vegetation in
southern Africa.  Evidence has been drawn together from a range of contexts,
including archaeologicd Stesin the region.

Pdasoenvironmental recongructions for the MSA have, in the past, been consrained
by a lack of secure absolute dates for deposits close to, and older than, the limit of **C
dating techniques, that is, about 40 000 years ago (Aitken 1997). Hiatuses occurring
in archaeologicad depost sequences (Grin & Beaumont 2001), varidble
sedimentation rates over time, and episodes of sediment erosion (Deacon & Geejnse
1988; Goldberg 2000), have exaggerated uncertainties concerning the duration of the
MSA. Projecting older dates on the bass of sediment accumulation rates can be
problematic. Consequently, other methods, such as comparing proxy environmental
records from archaeologicd deposts with known climatic time frames (such as
oxygen isotope records) are used. Many of these studies become circular (Thackeray
A. 1992) because the patterns observed in the proxy data are used to infer the age of
the depodts, for example by comparing patterns such as temperature indices to



changes observed and documented in oxygen isotope records from deep sea and
terrestrial  sediment cores.  Parkington (1990) discusses some of the problems
associated with fitting deta to the isotope chronology. This type of approach must be
used cautioudy, particularly when dates are not secure.

Interglacid and glacid periods, observed globally through deep sea and ice core
records, affect terrestrid pats of the world in many ways. The extent of ther
influence may be reiant upon proximity of the study region to the coad, its lditude
and/or dtitude, and more locdised dimatic conditions such as the summer and winter
ranfdl phenomenon which is currently evident in southern Africa 1t would therefore
be mideading to assume that the effects of increased or decreased continentd ice
volumes are vigble to the same degree in dl terredtrid regions. Studies incorporating
data from a range of dtes, as well as a range of proxies, will assg in highlighting the
differing effects of globd dimatic shifts upon vegetation biomes faund digtributions,
temperature, precipitation, and seasonality of both temperature and precipitation.

This chepter examines the evidence for changes in dimate and vegetation between
the Last Interglacid at ca. 125 000 years ago and the end of OIS 3. The wedth of
data available for the LGM is not discussed in great detal here because deposts from
this period have not yet been discovered a Sbudu Cave. Maine and terrestrid
oxygen isotope records, the evidence for paaeoshordines, and the effects of changes
in continental ice volumes and therefore shordine, are discussed in relation to their
influence upon vegetation and cdimate. Research caried out on environmentd
proxies from paaeoecologicd and archaeological dtes within @ South  Africa is
reviewed. There is great diversty in the types of environmentd proxies from these
contexts. Equaly, thereisdivergty in the gpproachesto dataanayss.



2.2. Global Environmental changes between the Last Interglacial
and the Last Glacial Maximum

Fluctuations in shordine are caused by a complex set of processes, many of which are
determined by gladad and interglacid cycles of globd dimae change  These
changes in sea level are directly related to the differing quantities of water locked up
in continenta ice masses during glacid and interglacid cycles. The oxygen isotope
composition of the oceans, which is recorded as the ratio of *°0 to 0, fuctuates as a
result of globad changes in dimate. As continenta ice volumes increese during
glacid periods, more of the lighter isotope *°O is incorporated into the ice than the
heavier isotope 20 (Lowe & Walker 1997: 150). The reverse is true of the oxygen
isotope composition of the oceans. Thus, during these glacid periods the ocean
becomes enriched in %0 and relatively depleted of *°0. The ocean was isotopically
heavier during glacids (Williams et al. 1998). As continenta ice masses mdt in
interglacid cycles, water enriched in *°0O is returned to the sea and the isotopic
composition of the oceans becomes relatively less enriched in 20 than it is during the
glacid phases (Lowe & Waker 1997). Although this is the basc premise behind the
sudy of oxygen isotope ratios, the reaionship is somewha more complicated. For
this study it is only necessary to discuss oxygen isotope ratios as paaeoenvironmenta
indicators.

During their formation process, carbonate dructures of marine organisms such as
foraminifera trap the isotopic ratio that is present in the surrounding ocean (Lowe &
Waker 1997). Fosslised planktonic foraminifera from deep-sea sediment cores
provide one of the best records for changes in oxygen isotope composition and thus
change in ice-mass through time (Williams et al. 1998). Foraminifera are aso
important indicators of sea surface temperature because they are temperature sendtive
in that changes in the digtribution of taxa on a globd scade are related to fluctuations
in sea surface temperature (Williams et al. 1998).
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Emilliani (1955) noted that oxygen isotope records could be used to produce
temperature records.  Subsequently, Shackleton (1967) made the observation that
changes in isotopic compogtion of oceans through time were dso directly related to
globd ice volume and changes in sea levd. As a result of these initid observations,
the oxygen isotope records from Core V28-238 were used to produce a curve for sea
level changes for the last 130 000 years (Shackleton & Opdyke 1973). The sea level
curve provided by Shackleton & Opdyke (1973) is referred to as a “glacio-eudatic
sea level curve’ because it records changes in ice sheet volume (Lowe & Walker
1997). Landmasses are known to respond isodtaticaly to sgnificant and extended
changes in sea levd, or continentd ice loading. Therefore, dthough changes in sea
level occur on a globd scale, the eudtatic reaction, and in particular the response time

of landmassesin different parts of the world, varies.

At the height of the Last Interglacid a ca 125 000 years ago there was a marine
transgresson and sea level was probably ca 6m (Broecker et al. 1968) above its
current level. Two subsequent peaks in sea level a 100 000 and 80 000 years ago are
aso evident from studies in Barbados (Broecker et al. 1968); however, these high sea
levd stands were not as high as those a the height of the Lagst Interglacid, or as high
as the present sea level. During the ensuing glacid (ca 75 000 — 13 000 years ago)
encompassing OIS 4, 3 and 2 (Shackleton & Opdyke 1973), sea levels dropped again.
In some regions there was a sgnificant lowering of sea leve, coincident with the cold
gadia of OIS 4, to about 80m below present (Shackleton & Opdyke 1973). In the
following interstadid, OIS 3, sea level rose again to about 50 m below the present
levd. This is evident from cord reef formations in New Guinea (Veeh & Chappdl
1970). During the LGM, in OIS 2, sea levels dropped to ca 120 m below modern
shordines (Shackleton & Opdyke 1973).

Core RC17-69 (Bé & Duplessy 1976), in the Western Indian ocean, provides an

oxygen isotope record, a documentation of changes in planktonic foraminifera
assemblages, and an indication of the location of the Sub-tropica Convergence (STC)
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zone over the last 500 000 years (Prell & Hutson 1979; Prell et al. 1979). The STC
zone is an oceanic boundary marked by characterigtic temperature and sainity where
the sub-tropica and sub-polar waters converge (Prell et al. 1979). This boundary can
aso be recognised by the planktonic foraminifera assemblage (Prell et al. 1979). It
has been noted that the STC zone is characterised by equd proportions of sub-polar
and sub-tropica foraminifera assamblages. Thus, shifts in this boundary during the
Quaternary would imply an expangon or contraction of polar waters associated with
gacid and interglacid periods. Bé & Duplessy (1976) initidly suggested that the
STC zone moved to approximately 31°S (a shift of ca 9° latitude) during glaciations
occurring in the last 500 000 years. Studies of planktonic foraminifera assemblages
from the core do not provide evidence for this mgor northward shift and suggest
indead that any movement of the STC zone during the Quaternary was minimd (Prell
et al. 1979). At the height of the lagt glacid the STC zone was displaced less than 5°
to the north of its current postion, between 38° - 40°S, by an expanson of polar
waters (Prel et al. 1979). Shifts southwards during the interglacias were more
marked than northward displacements associated with the glacias (Prell et al. 1979).

The oxygen isotope record from the core mirrors other oxygen isotope records and
indicates two phases with 2O enrichment. These have been interpreted as colder
periods (OIS 4 and 2) of the Last Glacid. Prell & Hutson (1979) record a warmer
period between these cold phases that can be interpreted as the dightly warmer stadia
(OIS 3) within the Last Glacid.

2.3. Local Palaeoenvironmental evidence

Evidence for dange in sea leve dong the South African shordline has been recorded
both on and offshore. There is evidence for a high sea stand in the form of a marine
mollusc assemblage from Lake Nhlange (Cooper 1990). The evidence for low sea
level dands during glacid periods is manly preserved offshore in the currently
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submerged topography (Cooper 1990). Ramsay (1996) has documented a series of
four beachrock formaions off the East Coast of South Africaa  These provide
evidence for the pogtion of ancient shorelines between the Last Interglacid and the
LGM. River channds aso preserve evidence for changes in sea level.  In KwaZulu-
Natd, for example, there is evidence of both marine regressons and transgressons in
the mgor river channeds and padaeochannels flowing into the Indian Ocean (Orme
1976; Cooper 1990; Maud 2000). Sediment cores containing pollen (Oschadleus et
al. 1996) indicate shifts in vegetation though time, which may be related to changes
in sea leve. | discuss the results and interpretations from these and other studies to
develop an image of the climatic changes that occurred between 125 000 and 18 000

years ago.

2.3.1. Local SealLevels

An approximate coastline has been reconstructed (Fig. 2.1) by projecting a predicted
LGM sea levd onto a bathymetric map (Zhiv 1975). This recongruction shows that
the profile of the East Coast of South Africa would have dtered a little (see Fig. 2.1)
during the glacid. Many sealeve curves suggest that the LGM sea level was 120 m
below the modern shordine and therefore this messure has been used for the
recongtruction.  Offshore topography of the Tugda Canyon (Zhiv 1975) (Fig. 2.1) to
the south of Durban and a Durban itsdf is Sgnificantly steeper than it is further north
towards the mouth of the Tongati River. Further north again, a Richards Bay the
topography becomes steeper close to the coast dthough the continental shelf remains
wide with reativey shdlow incines further from the present shordine (Fig. 2.1).
This is dealy a amplified view and the locd geomorphologicd evidence, outlined
below, provides more specific data for the region.

Ramsay (1996) has provided evidence for changes in the coastline to the north east of
Sodwana Bay. Four episodes of beachrock formation, representing paaeoshordines,
have been distinguished (Fig. 2.2). Ramsay (1996) has corrdlated the location of each
formation below modern sea level to a sealevel curve (Fig. 2.3) produced by
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Williams et al. (1981). Absolute dates for the outcrops are not available; however, by
placing them on the sealeve curve, Ramsay (1996) has defined periods in which
they were mogt likdly to have formed.

Palaeocoastline 1 has been attributed to OIS 5e, forming about 117 000 years ago
when the sea levd was 27 m bdow its current postion (Ramsay 1996). Evidence for
palaeocoastline 2 can be found 13 to 45 m beow the modern sea level. Ramsay
(1996) has corrdated it to OIS 5¢ between 100 000 and 97 000 years ago on the
Williams et al. (1981) sealevel curve. A third palaeoshoreline outcrops between 50
and 60 m bdow the modern shordline (Ramsay 1996). This outcrop could have
formed a any stage between 97 000 and 23 000 years ago. The find outcrop
(palaeocoastline 4) has been attributed to the LGM at about 23 000 to 22 000 years
ago (Ramsay 1996). At the furthest point from the modern shoreline, palaeocoastliine
4 lies ca 4 km offshore from the current coastline. The paaeocoastiine occurs a a
depth of 70 to 95 m below the modern shordline. These outcrops suggest that,
dthough the shordine has shifted since the Lagt Interglacid, the profile of this dretch
of coast was not dtered as much as was indicated above using globa changes in sea
levd. Although changes in sea level can be predicted from oxygen isotope records, it
is more vauable to correlate the globa observations with locd evidence.

Radiocarbon dates for estuarine sediments (Table 2.1) from S. Lucia, Richards Bay
and Durban provided more loca evidence for paaeoshoreines dong the East Coast
(Maud 2000). Measurements from Richards Bay (Maud 2000) of —46 m and —52 m
for sea level a >45 200 BP and 39 100 +1530 BP, respectively, are in broad
agreement with the evidence from Ramsay’'s (1996) sudy. They ae dso in
agreement with evidence from New Guinea (Broecker et al. 1968) and the glacio-
eustatic curve provided by Shackleton and Opdyke (1973). Studies at St. Lucia have
provided anomalous measurements of —15 m and —7.6 m at 42 000 #%°/,140 and 33
400 +910 BP, respectively (Maud 2000). If these measurements were accurate it
would suggest brief fluctuations in sea level during OIS 3. The sea-levd curve
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produced by Williams et al. (1981) indicates that there may have been severd
fluctuations in sea leve during OIS 3; however, none of the high dands are as

shdlow as those recorded at St. Lucia

Tankard (1976) suggests that between 47 000 and 25 000 years ago there were no
ggnificant fluctuations in loca sea levd. Offshore topogrephic formations such as
the “Rocky Bank”, south of the Cgpe Peninsula (FHemming 1976), and a currently
submerged cliff which formed dong the West Coast of the Cape Province (Wright
1964) indicate ardatively sable sealevel of —20 m for this period.

Cooper (1990) documents evidence for a high sea level stand near Lake Nhlange in
northern KwaZulu-Nata. Mollusc shells became exposed during a flood of the
Gezisa River, which drains into Lake Nhlanga from the west. These shdl rich
deposits have been attributed to the Last Interglacial a about 120 000 years ago
during OIS 5e (Cooper 1990). This assumption is based on the compostion of the
shel assemblage, its Sate of presarvation, and the devation of the terrace from which
it originated (Cooper 1990). The depogt contans taxa from fully marine
environments, from tidal flats and estuarine locdlities, as well as a freshwater taxon.
These taxa indicate a higher sea level and dso the presence of a river. One taxon
does not currently occur in the region but can be found further north, in warmer
waters, adong the Mozambique coast (Cooper 1990). Its presence in the shel
assemblage indicates warmer ocean temperatures that might be expected during the
Last Interglacid. Cooper (1990) proposes that the region experienced a sea levd of
6-8 m above he modern sea level, and further suggests that the modern Gezisa River
valey was probably a sheltered bay during this high sea stand. Lake Nhlanga, now a
fresh water lake gpproximately 5 km inland, would have been under the sea (Cooper
1990). Combining the data from Cooper's (1990) and Ramsay's (1996) <udies
indicate there was a rdativey quick lowering of sea levd immediatdy following the
Last Interglacid, which does not conflict with Ramsay’s Paaeocoasline 1 (27 m
below sea level) at 117 000 yeas ago. Ramsay (1996) records evidence at Lake S.

15



Lucia for the high sea stand of the Lagt Interglacia a 3.5 m above the modern sea
level. Thisbroadly supports the evidence provided by Cooper (1990).

2.3.2. River Geomorphology and Palaeochannels

Just offshore dong the east coast of South Africa there are deeply cut palaeochannels
that are associated with many of the current river courses such as the Tugela River
(Orme 1976), the Tongati and Mgeni (Maud & Botha 2000). These offshore river
channds formed during marine regressons when this part of the continental shelf was
exposed. Channds could have been incised during the penultimate glacid or Last
Glacid periods and even during previous marine regressons. Sea levels of the Last
Glacia were lower than during the penultimate Glacid; therefore, the offshore
topography seen today is most likdy a result of the Last Glacid marine regresson
and eroson. At Richards Bay, a vdley system has been recorded offshore of the
current Mhlaiuze River mouth (Orme 1976). The base of this valey occurs 55 m
bedow the moden sea levd. This can be corrdated with Ramsay’'s (1996)
Palaeocoastline 3 at 50-60 m below modern sealeve.

Geomorphological feetures, which formed during low seastands, are dso preserved
in the estuaries of many of the rivers feeding the Indian Ocean. Orme (1976) notes
that there are narrow channels in the estuaries which cut the broad channds found at
the mouths of these rivers, including the Tongati River, dong which Sbudu Cave is
located. Narrow channels tend to be associated with rivers with steeper gradients and
higher energy flow than broad channels are (Orme 1976). During marine regressions
the rivers incised their way across the continentd shdf to the sea, forming these
narrower channds within the previoudy cut riverbeds. Onshore, the deeply incised
rivers that are characterigic of this region were dso incised. Episodes of erosion
elevated above current onshore river channes (such as dong the Tongeti River)

provide earlier evidence of downcutting.
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2.3.3. Sediment and Pollen Records

Pollen profiles are often obtaned by andysng sediment cores removed from
palaeopedologica sections. These sediment cores can dso be used to provide other
palaeoenvironmentd  records, such as the proxy ranfdl record from the Pretoria
Sdtpan (Partridge et al. 1997), that compliment the results of the pollen andyses.
Pollen types within the sediments tend to originate from a range of sources and can
often provide a better representation of the surrounding vegetation community than
pollen from rdaivey dosed, anthropogenicdly influenced and potentidly
discontinuous archaeological cave dSte deposts. A disadvantage of pollen records
from nonachaeologicd contexts is that corrdaing them to achaeologicd

assemblages can be inaccurate.

2.3.3.1. Port Durnford and Kos Bay Formations

In a recent summary of onshore deposits, Maud and Botha (2000) present evidence
for changes in Quaternary sedimentation processes in four regions dong the coast of
South Africaa  These regions ae divided on the bads of geographicd and
chronogratigraphic differences.  The Maputdand Group is of specific interest for this
sudy because it has its southern extent in the Durban region in close proximity to
Sbudu Cave. Botha (1997) proposed a new nomenclaiure for Pleistocene and
Holocene sediments within the Maputdand Group. Those consdered here include
the Port Durnford (PD) Formation, which is thought to be middle to late Pleistocene
in age, and the Kos Bay Formation of late Plestocene age. Both formations were
initidly classed as the PD Formation; however, the PD Formation has been redtricted
to the section containing the mudrock and sand deposits (Fig. 24). The overlying
deposits have been placed into the Kos Bay Formation (Fig. 24) (Maud & Botha
2000). The sand of the PD Formation contains fossl remains of fish, crustaceans,
foraminifera and marine molluscs as wel as lager mammadian fossl bones (Maud &
Botha 2000). This fossl assemblage was used to date the PD Formation to the
Pliocene (du Toit 1954); however, the date was subsequently revised to the early to
middle Pleistocene (Scott et al. 1992). More recently, further support for a younger
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age has been provided through 2°Th/?**U dating of an associated exposure. A date of
70.0 £5.0 ka was extracted from a beach exposure (Oschadleus et al. 1996) that is
believed to be contemporaneous with the lignite bed, now considered part of the Kos
Bay Formation. The date places it in the cold gtadid, OIS 4, of the Last Glacidl.
Unfortunately, the dating of this depogt remans uncertan because a sgnificantly
older and as yet unpublished date, referred to by Maud (Maud & Botha 2000), was
obtained by Dr. N. Porat usng Luminescence techniques on sand deposits overlying
the lignite within the Kos Bay Formation. A date of 350-250 000 years ago was
obtained and, if correct, would indicate that the depost dated to 70 000 is not

contemporaneous with the PD Formation contained in the borehole sample.

Pollen was andysed from the borehole extracted to the north of the lighthouse at Port
Durnford. Units 3 and 2, encompassing the Lignite Member (now pat of Kos Bay
Formation) and the lower most section of the Upper Arenaceous Member, are of
particular interest for this sudy. Unit 3 contained a high proportion of arbored
pollen, induding Mordla and Syzyygium species. Towards the base of this unit Ficus
pollen was more prominent in the assemblage. The pollen spectrum from this section
of the sequence has been interpreted as “open sedge marshland surrounded by
Syzygium and Ficus trees’ (Scott et al. 1992).

The lower part of unit 2 and the top of unit 3 were dominated by Podocarpus pollen
and contained smdl quantities of Fynbos taxa. Podocarpus is not common in modern
vegetation or pollen spectra recorded in the area and Fynbos vegetation is
predominantly confined to the Cgpe and the winter rainfal region of South Africa
Scott et al. (1992) believe that the pollen spectra in these units are a result of
ggnificant changes in the vegetation community caused by dimatic changes The
climate was probably cooler and there is evidence to indicate the presence of fresh
water conditions (Scott et al. 1992). There is no evidence for brackish conditions so
it is probable that the sea was further from the locdity. Both sedimentary and
paynologicd evidence indicae tha the lignite formed further inland then it is
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currently located (Maud & Botha 2000). This interpretation &nds support to the 70
000 BP date (Oschadleus et al. 1996).

Although the PD and Kos Bay Formations may be useful for reconstructing both the
paaeoshordine and the paaeoenvironment for the region, it is imperative that the

chronology isresolved before the data can be used with confidence.

2.3.3.2. Voordrag

A dudy of soil profiles & Voordrag in KwaZulu-Nata has provided a dated
sedimentological sequence (Botha et al. 1990; Botha 1996; Clarke et al. 2003) as well
as a pollen spectra for deposits post-dating 40 000 years ago (Botha et al. 1992). This
dte is in reaively cose proximity to Sbudu Cave (Fig. 25). Pdaeoenvironmenta
interpretations of the conditions under which this dte formed are therefore of great
importance to this sudy. The dte provides an indication of changes in climate and
vegetation that might be vigble in proxies from the MSA sequence a Sbudu Cave.

The soil profile condgs of periods of colluvium accumulation interspersed with the
development of padaeosols. Colluvium accumulates during dry periods, while the
formation of padaeosols implies more dable conditions during reatively mesc
periods (Clarke et al. 2003).

Three of the periods of colluvium accumulation are relevant to this Sudy. The firgt
was dated to 96.0 £9.5 ka and 99.2 +9.1 ka, the second to 56.5 £5.2 ka, and the third
to 30.7 £3.7 ka and 28.0 +2.8 ka using IRSL techniques (Clarke et al. 2003) (Fig.
2.6). The dry period a the end of OIS 4 has been corrdated with a dry phase
recorded at the Pretoria Sat Pan at 61 000 years ago (Clarke et al. 2003). Sporadic
periods of colluviation have been recorded at severd dtes across KwaZulu-Nata
between the Last Interglacid and the LGM (Botha 1996). These dry periods are
dispersed between reaively moister periods represented by paaeosol formation.
Pollen samples have been taken from these palaeosols a Voordrag. Botha (1996)

discusses the results of the pollen andyss. In the following discusson the new dates
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for the Voordrag sediments (Clarke et al. 2003) are given and have been combined
with the interpretation provided by Botha (1996).

Paaeosol 4L, which has a *C date of 42 300BP (Clarke et al. 2003), contains
dements from two vegetaion regions tha ae currently disinct from one another.
There is evidence for sclerophyllous bush and fynbos as well as tropica vegetation
(Botha 1996), which must indicate the presence of didinctly different vegetation in
the aea and therefore a ggnificantly different climate when compared with the
current climate and vegetation. The fynbos taxa present in the pollen, as well as some
goores that are commonly found in Ageracese dominated grasdand, indicate cool
moist conditions during the formation of Paaeosol 4L. The presence of Podocarpus

in this soil horizon lends support to this interpretation.

There are two *C dates, 40 700BP and 36 800BP (Clarke et al. 2003), for palaeosol
4U. The pollen from this paaeosol displayed an increase in the grasdand indicators
and a decrease in Podocarpus (Botha 1996). Moist woodland taxa, such as Cedltis,
Oleaceae, Proteaceae and Syzygium, were aso present (Botha 1996). Although the

pollen spectra of 4L and 4U are quite different, the taxa found in both indicate cool
and humid conditions.

Pdaeosol 3 lies between two horizons which have been IRSL dated to 22.3 +2.9 ka
and 28.0 +2.8 ka (Clarke et al. 2003). Botha (1996) suggests that the pollen and
spore spectra, including Cyperaceae and Bryophytes respectively, are indicative of
soil that is poorly drained. Asteracese grasdand is aso evident.

Pdaeosol 2 formed during the LGM. This horizon is not directly rdevant to this
sudy; however, it is interesting to note the increased Ericacese pollens and further
increese in Adteracese grasdand components (Botha 1996). Taxa identified from
these younger pdaeosols suggest that the area was dgnificantly drier than it was
ealier in the Last Glacid. Botha (1996) suggests there is evidence for an dtitudind
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drop of 1000 m in the location of vegetation belts. This is indicated by the presence
of taxa currently found in the Drakensberg mountain fynbos.

Botha (1996) discusses pollen profiles from severd other Stes in KwaZulu-Natal.
These locdities are divided into those providing evidence for vegetation during and
just after the Lagt Interglacid (OIS 5e and younger), and those that are dated to the
Last Glacid (within OIS 3).

Sites that formed during the earlier period contain indications of moister and cooler
environments.  The Zungwini profile contains a broad range of taxa including
arboreal pollens such as Asteraceae, Podocarpus and Oleaceae. There are clear
indications of cooler conditions (Ericaceae) and moist conditions (Cyperacese).
Moigt environments are adso represented a both Nqutu and Masotcheni dthough the
cool temperature indicators are not present at these sites during this period.

The Ngqutu donga and St. Paul’s donga contain sediments dated to before 53 000
years ago and before 46 000 years ago, respectively. Pollen from Nqutu is
representative of vegetation Smilar to the vegetation in palaeosol 4L a Voordrag
(Botha 1996). In addition to the wetland indicators there are dso taxa from fored,
upland bushveld, and dry grasdand vegetation. Although the Nqutu pollen indicaes
a combinaion of environments, the dominant taxa is from Poacese (meadow
grasdand). This grasdand pollen increased sSgnificantly prior to 41 000 years ago.
. Paul’s donga pollen sequence dso contains a high proportion of Poacese grasdand
indicators with relatively fewer Asteraceae (Botha 1996) or other small shrubby taxa.

2.3.3.3. Tswaing Crater and Wonderkrater

These dtes have yidded pollen records for the Quaternary that suggest farly large-
scde vegeation and environment changes These sequences have been examined
usng Principle Components Andysis (PCA) to produce temperature reconstructions
for the region (Scott 1999). Although both records contain sediment and pollen

21



hiatuses, these records have been correlated to one another on the bass of the taxa
and vegetation communities represented in each profile.  The Holocene and Late
Pleistocene portions of these can be corrdlated using the available *C dates, while
correlations of the older portions of the sequences are based on pollen content and
extrgpolated dates. Scott (1999) has shown that there are mgor trends common to
both profiles that seem undoubtedly associated. The associations between zones are

shown in Figure 2.7.

Zones W1-W3 (Wonderkrater) and Z8-Z12 (Tswaing Crater) are of greatest
relevance to this palaeoenvironmental sStudy because they predate the LGM.
Consensus is apparent between W1b-c and Z9, during which time Podocarpus
dominated the pollen profiles & both Stes. It is likdy that vegetation in the area was
dominated by forest, and a PCA showed temperatures were generadly cool (Tswaing)
to moderate (Wonderkrater). Interestingly, a warmer temperature was suggested for
W1a, which corrdates with Z8. Z8 is dso a warmer phase within the generaly cool
conditions observed a Tswaing between Z6—Z12. The vegetation indicated for Z8
was a savanna community. At Wonderkrater this community is not gpparent in the

pollen profile, but its presence isimplied in the PCA temperature index (Scott 1999).

Zone W2 pollen corrdaes wel with the pollen from Z10. Both zones contan
dements of savanna vegetation. The temperature index for W2 suggests that warmer
conditions prevailed; a Tswaing, Z10 is noted as a warmer episode during the cooler
conditions of Z6-212.

Scott (1999) has suggested that a non-pollen rich, sandy deposit that accumulated at
Wonderkrater can tentatively be correlated with Z11 at Tswaing. Z11 represents one
of two zones for which coldest conditions are apparent. The other, Z12, correlates
with W3 during which temperatures began to drop. The vegetation a Tswaing is
ggnificantly different during this period from dl other periods as it contans a
shrubland vegetation community, including fynbos dements. These zones ae likdy
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to have accumulated during the colder conditions that can be observed globdly at the
end of OIS3 with the onset of the LGM.

2.3.4. Oxygen | sotope Records

2.3.4.1. Cango Cave

Isotopic compostion of a staagmite from Cango Cave, north of Oudtshoorn in the
Eastern Cape, was examined and a record of paaeotemperatures and vegetation
changes for the last 47 000 years produced (Vogd 1983). Tama & Voge (1992)
found there was not a dear change in stalagmite composition between the last glacid
and the ensuing interglacid conditions of the Holocene. From about 30 000 to 13
800 years ago temperatures were 4-7°C colder than the current temperatures in the
aea (Tdma & Vogd 1992). Carbon isotope measurements provide a proxy for
changes in vegetation community. C3 vegetation was dominant in the area during
sdagmite growth from 47 000 to 13 800 years ago (Tama & Vogd 1992), implying
cool conditions and a winter ranfdl regime. C4 grasses currently dominae the
Cango Cave vdley dthough C3 vegetation is more common in the winter ranfal
region. Vegetation in this region is conddered margind and Tama & Vogd (1992)
uggest that the vegetation compostion is likely to be easly influenced by changes in
dimate, thusindicating ardatively stable climate towards the end of OIS 3.

2.4. Palaeoenvironmental Indicators from Archaeological Contexts

Stes included in this synthess are shown on Fig. 25. Didributions of the current
winter and summer rainfal regions are dso indicated. Sites from the winter ranfdl
region are conddered fird, followed by dtes from the summer rainfdl region. The
discussion draws upon environmenta proxy data, including micro and macrofauna as
well as charcod and pollen from archaeologica contexts, to present an image of both
vegetation and climate through the Last Interglacid/Glacia cycle of the Quaternary.
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2.4.1. Winter Rainfall Region

2.4.1.1. DieKelders

It was initidly assumed that the MSA deposits a Die Kelders dated to between 80
000 to 35 000 years ago. Die Kelders has recently been re-dated using Electron Spin
Resonance (ESR) (Schwarcz & Rink 2000) and Luminescence techniques (Festhers
& Bush 2000). Both techniques indicate that the mgority of the occupation units
were deposited between 60 and 70 @O years ago, thus placing Site occupation in the
last glacid during the cold stadid OIS 4 and perhaps the beginning of OIS 3. The
suggestion that the deposits accumulated rapidly over a reldively brief period of time
Is contrary to previous interpretations of the ste. Thackeray (2002) suggests that the
accuracy of the techniques used to obtain these new dates may be influenced by
changes in moisture through the deposits. He provides support for the longer
sequence using microfauna evidence first presented by Avery (1982a), and obtains
temperature indices using factor andyss. The temperature indices corrdate well with
oxygen isotope records, suggesting the deposts may lie within OIS 3 with smdl
sections deposited during the colder phases of the last glacid (corresponding with
OIS 2 and 4) (Thackeray 2002). The absence of Howiesons Poort lithics at the ste
supports Thackeray's interpretation.  The Howiesons Poort industry has been dated to
between 55 000 and 80 000 years ago (youngest and oldest occurrences) at severd
stes across South Africa, for example Rose Cottage Cave (Cochrane 20033), Klasies
River (Feathers 2002), and Border Cave (Grin & Beaumont 2001). It is, however,
difficult to assess whether temperature indices are robust enough to provide both
environmental data and a proxy dating method, and it is hard to rgect absolute dates
on the basis of alack of lithics or the results of afactor andyss.

Until these dating issues are resolved, two scenarios for paaeoenvironmenta charge
can be given. The microfauna evidence has not yet been reinterpreted within the
shorter timeframe.  Hence, Avery’'s (1982a) origind interpretation is summarised
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here.  The original paaeocenvironmental interpretation provided by Tankard &
Schweitzer (1974) is included in this description. A scenario for the shorter

occupation is given below with reference to macrofaunaremains.

Avery (1982a) recognised three digtinct palaeoenvironmental units in the Die Kelders
microfauna assemblage.  These units were created on the basis of differences in the
microfauna assemblage and the results of a factor anadysis. Units 3 and 2, including
levels 14-12 and 11-3, respectively, contain MSA artefacts and occupation debris,
whereas Unit 1, including levels 2 and 1, abes not. Level 1 preserves evidence of a
LSA occupation with shell, pottery and domedticated animas and the environmentd
interpretation of this unit is consdered briefly below.

Unit 3 (induding levels 14-12) — Thee leves contained microfauna that indicated
grasdand was quite extensve (Avery 1982a). This grasdand would have been
present on flat ground near the cave (Avery 1982d), possibly both above and beow it.
In addition, there was a dense vegetation type which may have been near a marsh o
lake. Avery (1982a) suggedts that this habitat may now be submerged under the ses,
and further suggests that the grasdand (requiring open flat land) and the presence of
the lake indicate that the sea may have been condderably lower and further from the
gte than it is at present. This unit is ascribed to a cold, wet phase and was thought to
have accumulated during consderably colder conditions when the sea may have been
about 100 m below modern sealevel (Tankard & Schweitzer 1974).

Unit 2 (levds 11-3) — In this series of deposts the evidence for grasdand is not as
prominent as it was previoudy, and there is a stronger indication of dense vegetaion
on the avalable flaa ground. Avery (1982a) suggeds that the lack of another
vegetation type nay be taken as an indication that the sea level was higher than in the
previous period. A higher sea levd would effectively reduce the avalable habitat
types near the dte from which micromammas may have originated. Vegetation on
the hillsdes remained the same through Units 3 and 2; however, the proportion of
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hillsde vegetation indicators was reduced in Unit 2. The reduction of indicators was
adso not counterbaanced by the occurrence of other vegetation indications.  Avery
(1982a) recommends that this adds strength to the proposal of a raised shoreline and
thus a lack of avallable habitats. The climate is described as warmer and drier than in
previous periods.

Unit 1 (levds 2 & 1) — The conditions during this time were smilar to those
discussed for Unit 3 (Avery 1982d). Indicators of grass and dense vegetation on flat
ground increased, while indicators of scrub vegetation were dominant for the hillsde
hebitat. The microfauna from Unit 1 implies that climatic conditions were warm and
wetter. Avery (1982a) dso suggests on the bass of the increese in grasdand
indicators that the sea may have retrested again from the high stand associated with
Unit 2 Tankard & Schwetzer (1974) interpreted the dratigrgphy  and
paaeoenvironmenta conditions during this period differently. Level 2 was recorded
as a deile layer and they associated it with a higher sea level.  Further, they suggest
that during the accumulation of levd 1 the sea levd was as high as it is currently and
that the climate was aso equivaent to modern climate (Tankard & Schweltzer 1974).

It has been noted in studies of both macro and microfauna from Die Kelders that the
vegetation and dimatic conditions in the dte vicnity during the MSA differed
ggnificantly from during LSA occupation and historic periods (Avery 1982a; Marean
et al. 2000a). Mog noticesbly, the faund assemblage in the MSA contains species
that have not been recorded in the vicinity ether hisoricdly or in the contemporary
habitat. The LSA assamblage does contain taxa recorded higtoricaly. The dte
currently lies in the Fynbos biome of South Africa with sclerophyllous scrub and
bush dominaing the vegetaion (Marean et al. 2000b). The cave overlooks the seg;
however, in OIS 4 it may have been as much as 8 km away (Marean et al. 2000a).
The marine regresson would in pat be responsble for some of the changes in
vegetation that are evident from the faund anayss.
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The presence of grazers such as black wildebeest, southern springbok and bontebok
indicate grasdands, as does the extinct quagga Eland are mixed feeders and may
support the evidence for open grassy conditions. Recondructions of the now
submerged topography (Lenhof 1995) show that there was probably a sandy coastd
plan (Marean et al. 20008) which may have been consolidated by grasses and shrubs.
This is indicated by the presence of grazers and some browsers (Marean et al. 2000a).
Offshore topography provides evidence for an eroson channd that cut this sandy
platform when the sea wes further from the cave (Lenhof 1995). Southern reedbuck,
which is found in habitats with tal grasses and reed beds (Smithers 1983), and hippo

in the fauna assemblage supports the presence of a fresh water supply.

In addition to the habitat requirements being used to reconstruct the paaeovegetation
and physcd conditions, Klein and Cruz-Uribe (2000) have used body size of adult
individuals to interpret climatic conditions during the short MSA occupation. These
sudies require comparison of the archaeologica assemblages with modern data sets
and higtoric evidence. There is evidence for the region being cooler than it is today;
grey mongoose tend to be larger than would be predicted for the area with its current
dimatic conditions (Klein & Cruz-Uribe 2000). The presence of large adult Cape
dune molerats suggedts that rainfal was higher in the region during the MSA than it
is a present (Klein & Cruz-Uribe 2000). Klein and CruzUribe (2000) arrived at this
concluson by comparing the archeeologica assamblage to modern assemblages and
the association of body size to rainfdl. In extant Cape dune molerat populations a
positive correlation exists between body sze and rainfdl (Klen & Cruz-Uribe 2000);
therefore, larger molerats in an archaeologica assemblage would tend to indicate
higher rainfdl. The indication of higher ranfdl equates well with other evidence for
moist conditions suggested by sediment and fauna.

To quantify the amounts of rainfdl, rock hyrax body sizes were dso measured (Klein

& Cruz-Uribe 2000). The relation of hyrax body sze to rainfdl is not linear; rather,

thelr sze increases up to about 700 mm of rainfdl/annum and then decreases as

27



ranfdl continues to increase, producing a curvilinear reaionship (Klein & Cuz-
Uribe 1996). When compared against the LSA data, the MSA hyrax body size plots
did not show ggnificant evidence for higher ranfal averages, dthough, the evidence
may be masked by the curvilinear rdaionship (Klein & Cruz-Uribe 2000).

To summaise, the MSA macrofauna assemblage from DK1 indicates cooler and
wetter conditions than are in existence today. The current rainfal is ca. 400-500
mm/annum (Marean et al. 2000b); however, the region may have received more than
700 mm/annum during the MSA occupation (Klein & Cruz-Uribe 2000). The area
would have been grassy, with a coastd plan providing an open habitat for the
grazers, and there is evidence for a body of fresh water, probably a vie (Marean et al.
2000a; Klein & Cruz-Uribe 2000). This open grassy environment is dso indicated
through the microfauna assemblage (Avery 1982a). It is possble that the microfauna
was afected by locdised climatic conditions that could have given rise to variation
that is not evident in the macrofauna It may be appropriate to accept the ESR
(Schwarcz & Rink 2000) and Luminescence (Feathers & Bush 2000) dates and
ressarch potentiad locdised changes tha could have influenced the microfaund

assemblage in such away asto produce the temperature anomalies.

2.4.1.2. Blombos Cave

The meacrofauna assemblage from Blombos Cave displays smilar trends to those for
Die Keddes These dtes ae rdativey cdose and currently lie within the same
vegetaion region dthough, on the whole, the area around Blombos Cave is a little
drier than the Die Keders region (Henshilwood et al. 2001). The dratigraphic units
considered here are referred to as BBC 1, BBC 2 and BBC 3 (Henshilwood et al.
2001). A szries of opticaly stimulated luminescence dates have been obtained br a
gerile sand dune layer that caps the MSA sequence (Jacobs et al. 2003a; 2003b).
Each technique used has provided dates in the region of 65 000 to 70 000 years ago
(Jacobset al. 2003a; 2003Db).
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The taxa in the MSA indicate that the area may have been grasser and probably
received higher annud rainfdl than it does today. The increese in grasses in the
vegetation is a tentative suggestion (Henshilwood et al. 2001) as the amount of
specific information is limited. Large mammas do not tend to be as habitat specific
as the smaler ones and the presence of some of the taxa could be interpreted in a
number of ways. The springbok, which is present in BBC 3 and 2, provides the
srongest indication of grasses. Henshilwood et al. (2001) propose that the suite of
MSA faunas, which includes the extinct Cape zebra (a grazer), could not have been
sugtained in the region unless grasses were a larger pat of the vegetation than they
have been recorded to be historicdly or in the modern vegetation.

It has dready been discussed in reference to the Die Kelders assemblage that molerat
body sze is reated to ranfal. The MSA molerats tend to be larger than those from
the LSA assemblages. Body sizes of adults from the MSA a Blombos Cave suggest
the environment was moister overdl, but there is some variation within the molerat
szes. The mean sze of the molerats from the BBC 3 assemblage is dmogt as large
as for the MSA at Die Kelders. The BBC 1 and 2 molerats are smaller than the BBC
3 moleas, implying tha moisure in the region declined through the MSA
occupation. A moigter environment is dso indicated by the presence of hedgehog
and southern reedbuck (Henshilwood et al. 2001). Additiondly, tortoises from the
Blombos Cave assemblage provide some evidence for change in environment. As a
many other dtes in the Cape region the MSA tortoises are larger than those in the
LSA; however, the redionship of tortoise Sze to environmenta conditions is
influenced by anthropogenic factors such as the intendty with which they were
collected (Henshilwood et al. 2001). Lager human populations will effectivey
prevent tortoises from growing to their full 9ze while smal human populations may
have little impact on the tortoise population and their growth paterns.

29



2.4.1.3. Boomplaas

The cave dte of Boomplaas lies in the Cango Vdley, north of Oudtshoorn, near the
Cango Caves (Fig. 25). This dte contains MSA and LSA deposits and, unlike many
South African dtes, it contains depodts dating to between 40 000 and 20 000 years
ago. One of the focuses of the excavation and research project & Boomplaas (and
Klades River, which is discussed below) was to gain paaeoenvironmenta data from
a variety of proxies (Deacon 1995), and to edtablish the effects of climae change
upon communities during the MSA and ealy LSA. Evidence was drawn from
charcod, fauna, pollen, sediments and speleothems for this collaborative project.
Deposits a Boomplaas are thought to extend as far back as 80 000 years, adthough
techniques suitable for dating deposits of this age have not yet been used to confirm
the age of the Site.

Charcoa assemblages have been studied from LSA and upper MSA layers (Scholtz
1986). Charcod anadlyss results have been published for layers BLD to OLP (Fig.
2.6) (Deacon et al. 1983; 1984). Identifications from layers BOL and OCH are
probably most comparable with the Sbudu Cave depodts, however, they have
unfortunately not yet been published. Deacon et al. (1983; 1984) report that the
oldest layers contain Olea species as wel as indicators of shrubland vegetation.
Layer BP, with a date of 32 000 BP, aso contains taxa that are indicative of
ghrubland.  Erica species are dso prominent in this assemblage. Unlike the earlier
layers, deposits dated to the LGM did not contain Olea species. Olea were noted to
reappear in assemblages dated to the terminad Pleistocene, ca. 10 000 years ago. On
the bads of changes in the taxon compostion, as wdl as taxa diversty, it was
concluded that conditions preceding the LGM were not as cold as they were during
theLGM.

In Klein's (1978) study, deposits associated with the MSA occupation are referred to

as Earlier Upper Pleistocene (EUP) Units and were sub-divided into Units 1, 2 and 3.
The EUP Unit 3 assarblage accumulated at the site from before 40 000 to ca. 21 000
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years ago and includes layers OLP to GWA/GGU. Maximum *C dates are available
for the older deposits, EUP Units 2 (layer BOL) and 1 (layers LOH and OCH), thus
placing them before 40 000 years ago. Based on their faund contents, dates for these
deposits have been suggested. Fauna from the base of the sequence is more akin to
the fauna recorded in the area historically and during the LSA occupation a the Ste
(Klein 1978). It was proposed that the base of the sequence formed during the Last
Interglacid period (Klein 1978) when conditions in the area would have been smilar
to current conditions. In contrast, taxa recorded in the area historicadly are not well
represented in EUP 3 or in the younger assemblages containing “Robberg” artefacts.
Grazing ungulates are present in larger numbers in these assemblages and their
presence contributes to and confirms evidence from other sites. Grasdand appears to
have been more prominent in the Cape dring the Lagt Gladid than it was higoricdly
or during the Last Interglacid (Klein 1978). It is shown bedow tha other
environmenta proxies from the Site support this interpretation.

Microfauna from Boomplaas was andysed by Avery (19824). Two taxa, Saunders's
vle rat and the forest-shrew, were found in assemblages dating to the LGM as well as
ealier deposits.  Frequencies of these taxa display an overlapping but inverse
relationship.  Forest-shrew, which is reliant upon moig habitats, was present in
greaster numbers in the earlier deposts, while Saunders's vie rat was more dominant
in the layers centred upon the LGM. The Saunderss vle rat has a redricted
digtribution and is found in the east and south western Cape and Lesotho (Deacon et
al. 1984). It tolerates cooler and drier climates than the forest-shrew. The evidence
suggests that the Boomplaas region was cool and moist a ca. 40 000 years ago.
Summary ddigtics produced for the microfaund assemblage show that by 30 000
years ago conditions were drier and cooler than they were previoudy (Avery 1982g;
Thackeray 1987)

Paynological studies at Boomplaas reveal that pollen was preserved to about 32 000
years ago (Deacon et al. 1984; Scholtz 1986). The oldest pollen samples, from the
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BP member, show that Elytropappus was common in the region (Deacon et al. 1984).
This is a shrubland taxon and is a component of sclerophyllous vegetation (Allaby
1998; Acocks 1988).

Sediment accumulation processes have aso been assessed for this dte (Webley
1978). The andyss showed that some deposits contained dgnificantly more roof
godls than were found in other layers. Depodts containing roof spals lie within the
Last Glacid. It is possble that the episodes of roof spaling occurred as a result of
cooler climates, dthough there is no evidence for frost shettering. Deacon et al.

(1984) attribute the lack of frogt shattering to insufficient moisture.

24.1.4. KlasesRiver

Klases River, in the Eastern Cape, has been the focus of much research into MSA
technologies (Deacon & Wurz 1996; Singer & Wymer 1982; Thackeray & Keley
1988; Thackeray 1989; Wurz 1999; 2002) and paaeoenvironments (Klein 1976,
1978; Avery 1987). Many of the early studies attempted to extrgpolate evidence for
the length of occupation usng quantitative methods and paaeoenvironmenta
interpretations based on the archaeological remains. A variety of techniques have
been used to propose dates for the site (Avery 1987; Shackleton, 1982; Singer &
Wymer 1982; Bada & Deems 1975; Binford 1984), with varying degrees of success.
More recently, Grin et al. (1990a) and Feathers (2002) have acquired sequences of
dates usng ESR and Luminescence dating techniques, respectively. The Klases
River man dte contains deposts dating to between about 115 000 and 50 000
(Feathers 2002). This occupation encompasses OIS 5 to OIS 3.  Paaeoenvironments
changed dgnificantly during dSte occupation and evidence for these changes is
presented below.

Avery (1987) caried out microfana andyss with the am of producing an

environmental recondruction and to suggest dates for the Ste.  The microfauna

samples were grouped (Avery 1987) according to the lithic industries with which they
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were associated (MSA |, sample 41; MSA 1I, samples 40-31; HP, samples 30-20;
and MSA Ill, samples 19-3). Feathers (2002) dso refers to these lithic industry
divisons, therefore, easy corrdation of the microfauna to the Luminescence dates has
been possible (MSA | - 110-115 ka; MSA I - 70-85 ka; HP - 55-60 kaand MSA 111 -
50 ka) (Table 2.2).

The Klades River microfauna assemblage shows that closed vegetation is evident
through much of the depost; however, the taxa coinciding with early MSA 11 lithics
(samples 20-10) are indicative of open graminoid vegetation (Avery 1987). In this
phase there is an increase in Saunders's vlie rat and a corresponding decline in the
herbaceous habitat taxon Rhabdomys pumilio.  Avery (1987) notes tha the
compogtion of the assemblage generdly corrdates well with the macrofauna and
Klein's (1976) interpretations.

Microfauna and macrofauna assemblages suggest that between 120 000 and 100 000
years ago vegetation was probably smilar to the modern Knysna Afromontane
Forest. The Howiesons Poort assemblages dated ketween 55-60 ka (Feathers 2002)
contain fauna indicaive of open vegetaion (Klen 1976). Grazers rather than
browsers dominate the HP deposits and overlying MSA 111 units.  This suggests that
temperatures were cooler, enabling the development of grasdands rather than the
bushier vegetation that is associated with the lagt interglacid occupation (Deacon &
Lancaster 1988).

In addition to the fauna remains, shdlfish and sediment depostion provide evidence
for the proximity of the coadline to the Ste.  The high shdlfish content of the SAS
member suggests that the coast was close to the Site during deposition (Deacon &
Gedejnse 1988). Layer 22, which overlies the SAS member, provides a contrast.
There is a lower frequency of shdlfish in layer 22 (Deacon & Geleijnse 1988),
suggesting the resource was not as readily avalable.  This has been interpreted as
indicating a drop in sea level (Deacon & Geeijnse 1988). Saunders's vie rat, which
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Deacon refers to as a glacid indicator, and grazers in the macrofauna increased in
frequency a the same time. The overlying depodts, including the HP and MSA II
assemblages, dso provide evidence for a marine regression, which is referred to as
the “Klases River Regresson” (Deacon & Geleijnse 1988). An approximate age for
the regresson was obtaned by comparing Klases daa with a sea leve curve
produced by Cheppdl & Shackleton (1986) for the Huon Peninsula (Deacon &
Gedeijnse 1988). It was assumed that the deposits dated to between 60 and 80 000
years ay0. These deposits have now been dated to between 50 and 60 000 years ago
(Feethers 2002), coinciding with the marine regresson of the last glacid, athough
probably not with the extreme low sea level stand associated with OIS 4 as it was
origindly postulated.

24.15. ElandsBay Cave

A pollen record from Elands Bay Cave in the western Cape has been presented in
conjunction with wood charcod data from the same dte (Parkington et al. 2000).
Deposits from Elands Bay Cave span more than 40 000 years (from >40 000 BP to
about 300 years ago) (Cartwright & Parkington 1997). Records from this dte
therefore provide evidence for palaeoenvironments a the end of the Pleistocene as
well as during the Holocene. The taxa indicate a dgnificantly different vegetation
community when compared with the modern vegetation. Prior to 20 000 years ago
afromontane rainfores and riverine woodland taxa are present.  Many of the
identified taxa are currently found further south in mesc thicket and afromontane
forest (Cowling et al. 1999). In these regions there is a greater amount of soil
moisture available and the summer drought is less severe. Taxa found a Elands Bay
Cave thus indicate that the region was sgnificantly wetter and less seasond prior to,
and during, the LGM than it is today. In paticular, Cowling et al. (1999) have
recorded the presence of Celtis africana, which is a deciduous tree, and they suggest
that it would not have survived extremely dry summer climatic conditions.

34



Parkington et al. (2000) podtulate that there may have been a ghift in the ranfal
regime. Currently the area receives the mgority of its rainfdl in the winter months
and the summer period is often extremely dry. In addition, some of the oldest
samples contain Ficus sur, a component of tropicad and sub-tropical forests. Ther
southerly most extent today is in the eastern part of the Fynbos biome (Cowling et al.
1999). They conclude that the grester amount of overdl moidure avalable was
probably spread more evenly though the year. The faund assemblage from Elands
Bay Cave dso implies wetter and cooler environments in the Late Pleistocene.  There
IS evidence to suggest, as with many other stes from this period in the Cape, tha the
vegetation was grasser during this phese than a present.  Although the fauna
coincides with interpretations from other winter rainfal gStes, the indication of higher
quantities of less seasond rainfdl does not.  Archaeobotanica remains from Elands
Bay Cave indicate that two climatic and vegetation scenarios were present in what is
today classed as a single climatic region. Mog Stes in the Cape suggest that towards
the end of OIS 3 and a the beginning of OIS 2 conditions were cool and dry. This is
certainly not the case for Elands Bay Cave where conditions may have been cool and
moist (Cowling et al. 1999).

2.4.1.6. Oyster Bay

The record discussed here is particularly important because it provides pollen data for
the Easern Cagpe.  Although this record has not been dated directly, coprolites
containing pollen were found in associaion with faunad remans that indicate a Late
Pleistocene age. Artefacts attributed to the Howiesons Poort lithic industry were adso
found a the dte; however, the rationship of the artefacts and coprolites is not as
secure as that of the coprolites to the fauna (Carridn et al. 2000). Fauna from Oyster
Bay is dominated by terrestrid taxa and there are few sed bones present. The fauna
is diverse with three possble environmental niches represented. There is evidence
for open grasdand and a closed habitat as well as the presence of 4ill water. This
combination of taxa corresponds well with evidence from the Last Glacid from other

dtes, such asKlasies River.
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The smdl amount of pollen preserved in the coprolites was insufficient to enable a
detailled recongruction of the vegetation in the region. However, Carion et al.
(2000) observed some differences between the pollen spectra of the ancient samples
and the spectrum of a modern sample for the area.  These identifications support the
faund interpretation. Morella species dominated the pollen samples, while Stoebe-
Elytropappus (sclerophyllous bush taxa from the Asteracese family) and Poacese (the

grass family, dso called Graminese) were aso fairly prominent.

The idetified taxa in paticular Soebe-Elytropappus provide evidence for a
dggnificant change in the vegetation (Carion et al. 2000). Stoebe-Elytropappus
grows further inland than the current location of the dte and a dtitudes >800 m
am.sl. in the Cape region. Its presence therefore indicates a drop in temperature as
well as a lowering of sea levd. The limited number of marine components in the
fauna supports these indications (Carrion et al. 2000). On the basis of dates for other
HP lithic assemblages (Feathers 2002; Grin & Beaumont 2001; Cochrane 2003g) it
can be suggested that this lithic industry, and possibly the site, date to ca. 70 000 — 60
000 years ago.

2.4.2. Summer Rainfall Region

2.4.2.1. Border Cave

The microfauna from Border Cave was andysed by Avery (1982b). An updated and
more detalled interpretation of vegetation and climate has been provided (Avery
1992) fallowing publication of ESR dates (Grin et al. 1990b) for the MSA sequences
a Border Cave. The dates of this sequence have subsequently been revised (Grin &
Beaumont 2001). The reationship of the old and new dates is outlined in Table 2.3.
The environmenta evidence is summarised here.  The ealiet MSA occupation
periods, represented by Unit 6BS, are probably >200 000 years ago, athough they
ae, as ye, undated (Grin & Beaumont 2001). This Unit was dominated by
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micromamma  species that are indicative of Miombo (Brachystegia dominated) type
woodland (Avery 1992). Miombo vegetation, which is currently only found north of
Border Cave in Mozambique and Zimbabwe, perssts through the MSA 1 sequence
and changed dightly as the area became drier (Avery 1992). Avery (1992) suggests
that the area had more savanna dements (indicated in units 4AWA.A + B) at ca. 120
000 years ago. At this time both temperature and rainfal were higher than they are
today (Avery 1982b; 1992).

The HP layers a Border Cave have been dated to between 60 and 80 000 years ago
(Grin & Beamont 2001). During this time grasdand vegetation continued to
increese and the trees, while ill present, were not as well indicated through the
miccomammaian assamblage (Avery 1992) as they were in previous leves.
Zululand Thornveld or treg/scrub savanna developed as annud rainfdl and winter
ranfal decreased (Avery 1992). Temperatures were lower than they are today while
the Summer Aridity Index (SAl) increased concurrently. By about 40 000 years ago
the area may have been dgnificantly drier. The drying trend continued towards the
end of the MSA and beginning of the LSA occupation (Avery 1992), between 30 000
and 40 000 years ago (Grun & Beaumont 2001). Avery (1992) indicates that the
average temperatures remained constant - between 17-19°C - throughout this period;
however, the SAIl increased and rainfal, when compared with today’s rainfal for the
aren, decreased ggnificantly.

2.4.2.2. Rose Cottage Cave

Pdaeoenvironmental studies & RCC have predominantly focussed upon the Holocene
with smdl studies of proxies from the Late Pleistocene deposits.  This focus is in part
due to the nature of presarvation of organics in the MSA. Bone presarvation is
extremely poor in deposts older than 20 000 years. Plug and Engela (1992)
examined macrofauna from the Robberg/Late MSA phase and from the Robberg
phase of the Wadley excavaion. The identifiable bone was very limited especidly
for the older depodts, with only eight specimens in the MSA and 120 specimens from
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the Robberg.  Padaeoenvironmenta interpretations from these samples were dso
limited, but Plug and Engela (1992) atributed the low taxa numbers to “low primary
production during these cooler periods’. In the Robberg assemblage they found that
larger bovid taxa were more common than medium sze bovids. Changes in hunting
strategies are proposed as a possible reason for this. The Robberg/late MSA phase
coss cuts the LGM and it is unfortunate that the palaeoenvironmental information
from the macrofauna is extremdy redtricted. Older MSA occupation phases contain
very smdl quantities of bone, and when present it is fragmentary and unidentifiable.

RCC vyidded a very smdl amount of pollen. Scott extracted pollen samples from
Butzer's unitss Mdan and Beaumont's excavation of dumped deposts and
subsequently  from Harper's excavation (Harper 1994). Louis Scott and Anne
Cadman andysed these samples and found very little pollen in them.

Eserhuysen (1996) dudied charcod from RCC. Her sudy focussed on
environmenta changes in the Holocene (Esterhuysen 1996; Esterhuysen & Mitchell
1996); however, she dso caried out a study of older charcod from Harper's first
MSA excavation (A. Esterhuysen pers. comm.). Charcod displays a smilar pettern
of presarvation to the macrofauna, with sSgnificantly better preservation in the LSA
when compared with the MSA assemblage as a whole (A. Esterhuysen pers. comm.).
Much of the MSA charcod was andysed usng a Scanning Electron Microscope to
assg in overcoming some of the preservation problems. Harper (1994) discussed
this andyss, which remans unpublished; however, Ederhuysen (pers. comm.)
undertook  the andyds, vegeation  description  and  paaeoenvironmentd

interpretation.

Layers KUA and EMB are from the top of the pre-Howiesons Poort and the base of
the Howiesons Poort, respectively. These layers have dngle grain opticdly
simulated luminescence dates of 61.0 4.0 and 66.0 +4.0 ka (Cochrane 20033).
Charcod from these layers was limited in both quantity and taxa diversty. Although
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these depogts contan more than one type of lithic indusry, ther charcod
assemblages indicate that the environment did not change across the lithic technology
boundaries. The combination of taxa suggests the region received sufficient water to
mantan a “sreambank community” with “dliff scrub and Protea” dso in the cave

vicinity (Harper 1994; A. Esterhuysen pers. comm.).

Layers EMA-BRE lie within the Howiesons Poort lithic industry phase, which was
dated to 59 000 to 66 000 years ago (Cochrane 2003a). The charcoa assemblage
indicates a continuity of environment during the accumulation of these depogits. This
auite of layers has a low diversty of taxa Esterhuysen (pers. comm.) proposes this
may be a result of a lower divergty in the environment, which would be likdy in
cooler, drier conditions. Esterhuysen aso suggests it may be an indication of drought
in the region, during which time both the streambank and forest communities, evident
in the previous layers, would not be as well supported. Although the streambank
community may have been Sgnificantly reduced there is evidence for some water in
the area because Leucosidea sericea is dill present.

Assemblages from the upper Howiesons Poort (59.0 £4.0 ka; Cochrane 2003a) and
the post-Howiesons Poort deposits contained taxa that suggest a dight ameioraion of
the climate. This is evident through the return of some of the forest pioneers, and the
streambank community, represented by Leucosidea sericea, is more prominent in the
assemblage again (Harper 1994; A. Ederhuysen pers. comm.). This series of layers
probably represents the mgority of OIS 3 and possbly a small portion of the end of
OIS 4, spanning some 30 000 years. Charcod included in this grouping is from layer
TOB in the firsd Harper excavation, upwards to layer Ge from the Wadley test pit
excavation. Ge was initidly dated to 31 600 BP. It is suggested that during this time,
while glacid on the whole, conditions were a little warmer between the colder phases
of OIS 2 and 4 (Harper 1994; A. Esterhuysen pers. comm.). Charcod from the fina
MSA indicates a drier and cooler episode during which time vegetation was limited

again. These layers accumulated towards the end of OIS 3 when temperatures were
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cooling with the onset of the LGM. New dates for Rose Cottage Cave, presented by
Cochrane (2003a), reved that layers from TOB to Ge cover an extremely long time
goan. It is therefore possible that this grouping should be reinvestigated to establish
whether vegetation environments changed within this period.

25. Summary

The evidence for globa climate changes during this period is wel known; however,
the effects of these mgor climatic shifts are less well understood on a regiona scae.
| summarise the evidence for dtes from the winter rainfdl region and the summer

ranfal region.

2.5.1. Winter Rainfall Region

The earlies environmentd data comes from Klases River in the Cgpe.  During the
Lagt Interglacid there was bushier vegetation and the sea level would have been a a
dmila height to the current shordine. Climatic conditions may dso have been
amilar to current conditions. Data for this period in the winter ranfal region ae

scarce because there are very few steswith deposits from the Last Interglacial.

The Lagt Glecid is better represented than the Last Interglacid period and it is now
evident that many of the Sites have deposits dated to the cold stadia OIS 4. Blombos
MSA deposits accumulated before 70 000 years ago. The environmenta indications
are that the vegetation was grasser and wetter than it is today dthough there is
evidence for a drying trend towards the end of the MSA occupation. The drying
trend may coincide with the beginning of OIS 4. Die Keders deposits show the same
trend with grasdand vegetation in the oldest deposits and a subsequent development
of denser vegetation that may be indicative of wamer and drier climates The
macrofauna suggests that throughout this short MSA occupation the climate was
colder than today and the area received more rainfal than a present. At each dte
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there is evidence for lower sea levels during OIS 4. At Oyster Bay and Die Kelders
this is indicated by the presence of proxies for open grasdand vegetation that could
only have been presant if the sea levd was lower. These dtes aso provide evidence
for fresh water environments, such as vles, which are currently not present. Wetter
conditions are aso indicated a Boomplaas in the earliest layers, which may date to
80 000 years ago. A marine regression is evident at Klasies River between 50-60 000
years ago. This coincides with the Howiesons Poort occupation and the younger
MSA 11l sequences. It appears, therefore, that athough there is evidence for a drying
and warming trend, it remains within the parameters of the glacid climates.

During OIS 3 after 50 000 years ago there is Hill evidence for moister conditions
from Boomplaas Cave. However, deposits of this age have not been securely dated at
this ste. By 32 000 years ago shrubland had developed in the region. This suggests
that conditions were drier. The interpretation dso indicates that it may have been
cooler, dthough without secure dates for the preceding occupation period it is not
possble to know when it had been warmer. It is unlikdy thet it was warmer during
OIS 4 and therefore it is possible that the older deposits may predate the cold stadidl.

During the LGM, conditions were colder and grasdand developed again. The
Boomplaas data indicate that it was drier in this region. This is in contrast to the
previous cold stage (OIS 4) during which time grasdands were prominent, but much
of the evidence indicates the Cgpe region received higher rainfdl than it currently

does.

Elands Bay Cave has produced conflicting environmenta signds for the region. The
dte has deposits dated to > 40 000 BP. Most sites in the Cape suggest that towards
the end of OIS 3 and a the beginning of OIS2 conditions were Sgnificantly cooler
and drier than in the preceding periods. At Elands Bay Cave, however, wetter
conditions and less seasond rainfdl is indicated. This is evident through the presence

of botanica remains that are unable to survive summer drought and aso the presence
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of taxa from afromontane vegetation in the current winter rainfdl region. The fauna
suggests that it was cool and wetter and that it may have been grasser. It is probable
that the different proxies are providing evidence for a range of environmenta niches
during the last 40 000 years, which is why there is seeningly conflicting evidence for

afromontane vegetation, riverine woodland and grassands.

2.5.2. Summer Rainfall Region

The summer rainfal region encompasses a large area with didinct vegetation biomes
and dimdic conditions This is paticularly notable from east to west. It is therefore
not unexpected that this region was characterised by varying climatic regimes in the
past. Archaeological gtes with  paaeoenvironmental  records for the Last
Interglacid/Glacial cycle are scarce.  There are very few cave dtes with MSA
deposits encompassing this period. Cave stes tend to provide the best dtratigraphic
control and in many cases presarvation of environmenta proxies is better than it is in

open gSites.

One of the most detailed records from an archaeologica Ste has been obtained from
Border Cave. Its rdatively close proximity to Shudu Cave makes it a good ste for
comparison. The record is particularly vauable because the MSA depodts contained
a range of proxies, secure dates have been obtained for the sequence, and the
environmental data have been reassessed in light of these new dates. The oldest MSA
records a Border Cave provide evidence for wetter, warm climates. There is a drying
trend towards the end of MSA |, dthough the area probably ill received more
ranfal and had higher temperatures than today. This warm, wet climate was present
during the Lagt Interglacid. By the Howiesons Poort occupation grasdand vegetation
had increased. There is evidence to suggest that temperatures and rainfall decreased
and the SAl increased. During OIS 3 a 40 000 years ago the region was il drier
than a present and this continued towards the end of the MSA. The MSA to LSA
trandtion is dated between 40-30 000 years ago, a which time the temperatures were
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deady. However, ranfal continued to decrease and the SAIl correspondingly
increased.

The Rose Cottage Cave sequence supports the evidence from Border Cave. Between
the pre-HP occupation and the find MSA the charcod assemblage suggests dry
climates, cooling during OIS 4 and again in OIS 2. At Rose Cottage Cave there was a
dight amdioration during OIS 3 and forest was able to begin to develop. Cooler
conditions are also evident from Port Durnford/Kos Bay a 70 000 years ago and
drier conditions are suggested at VVoordrag a 100-95 000, 56 000 and 31-28 000 years
ago. These dry phases coincide with the reaively cooler phase after the Last
Interglacid, the end of the cold stadid (OIS 4) and the beginning of the warmer
interstadia (OIS 3), and the onset of the LGM (OIS 2). Immediately following the
Lagt Interglacid there is evidence for wetter conditions in Northern KwaZulu-Natal
dthough this is not evident a dl dtes. During OIS 3 a combination of vegetation
types are indicated a Nqutu and there is evidence for increased grasdand before 41
000 years ago.

The evidence, presented above shows that climatic conditions were variable across
southern Africa during OIS 4, 3 and 2. Although these stes dl lie within the summer
ranfdl region they have quite didinct modern vegetation habitats and climatic
conditions. Vegetation and climate would have varied condderably across this region
in the past and some areas may have been affected by globd climate change more
than other areas. Neverthdess, trends can be extracted from this data indicating that,
on the whole, the region underwent a dgnificant period of drying after the Last
Interglacid.  This is indicated by periods of increased colluviation, evident at
Voordrag (Clarke et al. 2003) in northern KwaZulu-Natd, and aso by an overal drop
in precipitation noted in the proxy rainfal record from the Tswaing Crater (Partridge
et al. 1997). The Port Durnford Unit 2 sequence supports this interpretation, with an
absence of pollen suggesting redistribution of sands occurred in the drier and cooler

conditions.  Approximately concurrent with this the micromammadian evidence from
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Border Cave indicates that forest vegetation or thick bush was present and that the
region may have been quite damp (Avery 1982b). This appears to contradict the
evidence for drier conditions, however, it may have been a localised occurrence. The
micromammealian fauna does indicate cooler temperatures.

Currently, the MSA deposts a Sbudu Cave and the layers from which charcod has
been andysed fdl within OIS 4 and 3. By drawing upon a range of data types and
researcher’s interpretations of paaeoenvironmental conditions across South Africa, it
will be possble to correate the Sibudu Cave data, with the data summarised above.
The following chapter focuses upon Sibudu Cave, its location, archaeology, and the
pal aeoenvironmental research being undertaken.
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CHAPTER 3. SBUDU CAVE LOCATION, EXCAVATIONS AND
ENVIRONMENTAL PROXIES

3.1. Site Location and Archaeology

Shbudu Cave is located in KwaZulu-Natd, South Africa (Fig. 3.1). The dte is
Stuated in a sandgone diff face overlooking the Tongati River and it lies about 40
km north of Durban, 15 km inland of the Indian Ocean and 100 m above mean sea
level. The cave is about 55 m long and 18 m wide & its deepest point (Fig. 3.2). The
cave is fairly open and it may be better to refer to it as a shelter; however, the origina
name has been retained for condgtency in publications. Sbudu Cave formed as a
result of eroson of the sandstone diff face caused by fluvid action of the river.
Downcutting, caused by glacio-eustatic searlevel changes, has occurred since the
formation of Sbudu Cave. At present the river is about 20 m below the cave but in
the past it would have been consderably higher. A series of different erosion events
can be seen as amdl pockets within the cliff face. The largest eroson event formed
Sibudu Cave.

The excavation is located in the northeast of the cave beginning 1 m from the cave
wal (Fig. 3.2). Archaeologica deposits contain Iron Age and MSA artefects. There

is no evidence for LSA occupation at the site.

In 1983 Aron Mazel excavated a 1 m deep test pit and obtained two *C dates (Table
3.1) for the MSA deposits. In 1998 Lyn Wadley began excavations at Sibudu Cave
and since then there have been biannua excavations a the site  Initidly a 1x2 ng
tria trench (comprising B5 and B6) was opened. Further 1 m grid units have been
opened and the excavation now consists of 24 1 nf units The trid trench is currently
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about 2 m deep and the mgority of the rest of the excavetion is excavated wdl into
the MSA deposts. MSA deposts consst of microgtratigraphic lenses that are defined
during excavdtion usng texture, colour, sediment content and dratigraphic
relationships. These lenses have been excavated within 50 cnf grid units and have
been grouped into larger layers or members (Wadley and Jacobs 2004) on the basis of
common characterigtics. These larger dratigraphic layers are dso defined during
excavation. The dratigraphy at Sibudu Cave is shown in Figures 3.3 (a & b) and 3.4.
| discuss the dretigraphy of the MSA layers shown in the North and East section
walls of B5 and B6, focussing uponlayersincluded in thisanayss.

The oldest layers currently excavated at the Ste contain a Howiesons Poort (HP)
lithic industry. These layers are labdled on Figure 3.3 (a & b). HP indudtries have
been excavated & many MSA archaeologicad stes in southern Africa and they are
defined by the presence of backed blades and segments. The Sbudu Cave HP
as=mblage contains segments made of dolerite, hornfels and quartz and may contain
a higher proportion of blades than is found in other MSA layers, dthough this is an
intuitive observation (Wadley & Jacobs 2004) that was made during excavation and
artefact curation. At Sibudu Cave the HP layers lie between 1.4 and 1.8 m below the
surface of the trid trench and the upper HP units date to about 62 000 years ago (Z.
Jacobs pers. comm.). The lower layers may be older athough this remains to be
determined. At other MSA dites the industry has been dated to between 50 and 80
000 years ago and it is expected that al the HP layers a Sibudu Cave, which are
overlan by depodts daing to 60 000 years ago, will fal within this range. The HP
lithics are currently being andysed (Lyn Wadley, Peola Villa and Anne Ddanges
pers. comm.). Marlize Lombard is undertaking a microwear and residue study on
segments and backed blades from the deposits. More detailed results of these studies
and absolute dates are pending.

The HP deposits dso contain bone, seeds and charcod. Bone is very well preserved
but other organic remans appear to be less well represented in the HP layers than
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they are in the overlying depodts. Charcod fragments were sampled from layers GS,
GR2 and GR. GS is a homogeneous grey sandy depost which contains very few
rock-gpalls, whereas GR2 and GR contain large quantities of cave rock. Each HP
layer contained some wel-defined hearths, dthough charcod from these is not
included in the andlysis.

Overlying the HP layers there is a long sequence of post-HP deposts (Fig. 3.3). This
sequence has been further divided to differentiste the find MSA layers (late post-
HP), currently dated to about 35 000 years ago, from the early and middle post-HP
layers, dating between about 60 000 and 50 000 years ago. In the charcod andyss
and interpretation | have divided these older layers into two groups on the basis of
their OSL dates. Post-HP charcoad has been anadlysed from Eb, SPCA, BSp, RSp and
OMOD (oldest to youngest) (Fig. 3.3). Dates for these and other layers a Sibudu
Cave are provided in Table 3.1. Eb lies within a series of layers dated to 59.6 +2.2 ka
(OSL) and 57.0 +2.3 ka (OSL) (Wadley & Jacobs 2004). SPCA is undated but layer
BSp is dated to 56.7 £2.3 ka (OSL). There is adso an OSL date of 61.5 +2.2 ka for
layer Or which is lower in the dratigraphy than SPCA. Some of the dates in this
section of the MSA sequence are reversed;, however, when the error margins are
gpplied it becomes clear that the dates are overlgpping and thus it can be concluded
that these layers were all deposited within a short occupation period between 60-55
000 years ago. Eb, SPCA and BSp are grouped as the early post-HP in the discussion
(Chapter 8). RSp and OMOD are OSL dated to 53.4 +3.2 ka and 51.8 £2.1 ka,
respectively. Layer MOD from the Mazdl excavation was originadly dated to 26 000
+420 BP (PTA-3765). A recently obtained sngle gran luminescence date shows that
MOD is in fact sgnificantly older. It has been dated to about 50 000 years ago (Z.
Jacobs pers. comm.). These three layers have been grouped as the middle post-HP.

The late post-HP layers are present in the eastern section of the excavation. Charcod

was sampled from Bu (Fig. 3.4), which has a date of 35.2 £1.8 ka (OSL). The find
MSA layers in the esstern section of the Ste contain some bifecially worked tools as
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well as hollow based points (Wadley & Jacobs 2004). These were not found in the
youngest MSA layers in the northern part of the excavation. This observation was
initidly postulated (L. Wadley pers. comm.) as evidence for the digtinction between
the east and north sections of the excavation, which has subsequently been confirmed
through dating. Fnd MSA layers dso contain more standardised MSA  retouched
atefacts including scrapers, bifacid and unifacid points and notches (Wadley &
Jacobs 2004).

3.2. Modern Vegetation and Local Climate

Sbudu Cave lies within the Tongdand-Pondoland vegetation mosaic (Moll & White
1978). More specificaly, it is Stuated on the boundary of the coastd and riverine
ecozones (Grant & Thomas 1998) within the savanna biome (Low and Rebelo 1996;
1998) of southern Africa There are various sources that document the vegetation for
this region. The terminology used is variable between these sources. Low & Rebdo
(1996; 1998) record the vegetation in the Sibudu Cave area as Coastd Bushvdd-
Grasdand (Veld Type 23). To the west are their Ved Types 24 (Coast-Hinterland
Bushveld) and 5 (Valey Thicket) (Low & Rebeo 1996; 1998). Ved Types 23 and
24 form part of the savanna biome, whereas Veld Type 5 is in the thicket biome (Low
and Rebelo 1998). According to Acocks (1988) the vegetation around Sbudu Cave is
Coastd Forest and Thornveld (Veld Type 1), to the north Vdley Bushveld (Ved
Type 23) extends dong the river, and ‘Ngongoni Veld (Veld Type 5) is dso in close
proximity to the ste (Fig. 3.5). Acocks's (1988) Ved Types 1, 5 and 23 are roughly
equivalent to Low & Rebelo’s (1998) Veld Types 23, 5 and 24, respectively.

Locd botanists Geoff Nichols and David Styles have compiled preiminary species
ligs for the vegetation in the immediate vicinity of the cave. These ligs incude
woody species, with some of the smadler shrubs, vines and grasses dso noted.
Vegetation in the cave vicinity is diverse with over 140 species recorded; however,
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this number may represent only a fraction of the vegetation that was present prior to
the introduction of the sugar-cane plantations. At present the ligt is incomplete and
members of the ACACIA programme add taxa to it on each vigt to the region. The
high diversty of vegetation is supported by a variety of growth conditions from dry
and shdlow, wel-drained soils on the diffs to wet poorly-drained soils in the river
vdley. Soils are predominantly sandy and are loosdy consolidated. The area
receives a high annud ranfdl with aout 501-750 mm in the summer months and
about 251-375 mm during the winter (Grant & Thomas 1998). Average temperatures
vary between 22-25°C in the summer and 17-20°C in the winter (Grant & Thomas
1998).

3.3. Local Geology and Lithic Raw Material Sources

Shudu Cave lies within the Natd group sandstones which formed during the
Palaeozoic. The sandstones were deposited at the same time as those of the Cape
Supergroup, which is the dominant rock formation in the winter rainfal region of
South Africa  The esstern and northern extent of this sandstone is in Natd.
Dominant raw materid types in the MSA a Sbudu Cave are hornfels, a metamorphic
rock forming aong contact points of igneous intrusons into shde, and dolerite, an
intrusive igneous rock. Patidly baked shale is exposed a few kilometres east of the
gte; however, this shde is not sufficiently metamorphosed to be consdered true
hornfels.  Bedding planes are Hill evident, the shde is very soft, and it does not
fracture conchoidaly (pers. dos). A likely source for the hornfels has been recorded
a Veuam - approximatey 30 km from Sbudu Cave (Fig. 3.6) - by the Geologica
Survey (G. Cochrane pers. comm.). Sources for the dolerite are clearer. A dolerite
dyke crops out at the base of the diff (Fig. 3.7) and dolerite cobbles that have been
washed downgtream are sometimes found in the riverbed. Andyss of lithics from
RSp shows that hornfels and dolerite were obtained from severd different raw
materid sources (Villa et al. in press). Cortex on MSA lithics indicates that cobbles
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were collected from riverine locdlities, and blocks were removed directly from the
outcrops (Villa et al. in press). MSA people dso used blocks of hornfels and dolerite
that had westhered off the outcrops (Villaet al. in press). Cortex on these suggests
that they had not been transported far (Villa et al. in press). About 15-20 km inland
of Sbudu Cave, sandstones give way to granite and gneiss (Fig. 3.6). Quartz, which
is less common in the MSA, may have been removed from quartz veins within the
granite (R. Maud pers. comm.). Quartzite artefacts are adso present but uncommon.
Quartzite is metamorphosed quartzrich sandsone.  This raw materid is likey to
originate from the quartzitic sandstones surrounding the cave. The locations of the
different rav material sources suggest that throughout the MSA occupations people
were routindy traveling a leest 15 km to obtan good qudity sone for

manufacturing tools.

3.4. Sbudu Cave Research

Research on the MSA a Sibudu Cave ams to address questions concerning the
activities undertaken at the dSte, dSte formation processes, and the paaeoenvironments
in which the ste occupants lived. Lithic anadyss forms a large part of the research.
Projects are wide ranging and include technologicd dudies (Villa et al. in press
Wadley in prep), resdue andyss (Lombard 2002; Wadley et al. 2003; Williamson
2004) and actudigic studies (Lombard et al. 2004; T. Hodgeskiss pers. comm.; L.
Wadley pers. comm.). Taphonomic andyses of bone (Cain 2004; in press, Hanson in
prep.;, Wels 2003) examine evidence for the accumulating agents as wel as
providing detail about bone bresking and burning activities. Some of these studies
are discussed in reference to Ste formation processes in Chapter 5. One of the
ressarch focuses a Sibudu Cave has been on obtaining palaeoenvironmenta data
Preservation  of chared organic remains is excdlet and the suite of
paaeoenvironmental  proxies includes macro and microfauna, seeds and charcod.
Phytoliths and some pollen are dso present dthough burning has not asssed in their
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preservation.  The results of preiminary studies are discussed bdow and are
summarised in Table 3.2,

34.1. Fauna

Macrofauna has been identified by Ina Plug (formerly of the Transvad Museum,
Pretoria). Plug (2004) divided the MSA into three groups. These groups are fina
MSA (MOD layers), MSA bedow MOD (including BL), and lower MSA (below BL).
At the time of andyds the lowest layer excavated was Y Mix (Mix Y) in B6 North
wal (Fig. 3.3.8). That study focussed upon macrofauna, athough some of the smdler

faunal eements, such as birds and rodents, were also documented.

Plug (2004) found that many of the taxa present in the MSA may have been present in
the region historically and some are present today. There are dso some taxa that have
not been unequivocaly recorded in the region. Of these, some have been recorded
dsewhere in KwaZulu-Nata. These include blue wildebeest, sablefroan, impala, and
waterbuck which are found further north and red hartebeest, which is found in
western-most KwaZulu-Natal.

The MSA layers bdow BL contan a less diverse range of taxa than is found in
younger MSA layers. Large and very large bovids are dominant and some of these,
such as Megalotragus priscus (giant hartebeest/wildebeest), Pelorovis antiquus (@iant
buffalo) and Equus capensis (Cape horse), are extinct. Of the smdl bovids, the
Klipsoringer  suggests the presence of rocky outcrops.  Environmenta indicators
include giraffe, which is indicative of dry, savanna conditions, and hinged tortoise,
which aso requires warm, drier conditions than the region currently receives. Plug
(2004) suggests the region could have had conditions smilar to those in the eastern
lowveld of South Africa, such asare found in the Kruger Nationa Park.

The second group of layers, bedlow MOD to BL (Table 3.2), contain a great variety of

taxa Bovids are well represented and there are dso some more unusua eements,
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such as the scaly antester, rodents, birds and reptiles.  Crocodile indicates the
presence of the river. This is supported by identifications of hippopotamus. The suite
of fauna is amilar to those in the find MSA layers but the extinct Cape horse, giant
buffalo and giant hartebeest, which were present in the older layers, are ill present
here. Of these extinct taxa, only the giant hartebeest is present in the find MSA.
Medium to large bovids are present, but the larger bovids are dominant. As in the
previous layers, the giraffe and the hinged tortoise may indicae dry and wam
savanna conditions. Thee layers contain some maine fish and molluscs, which
suggest that the cave occupants were able to travel to the coast. These are not present
in large numbers and thus indicate that marine resources were not exploited regularly
by people a Sibudu Cave during this phase of the MSA.

The find MSA layers contan some primaes and carnivores.  Lion, which is
previoudy absent in the MSA, has been identified in these layers. There are large
mammas such as eephant, hippo and rhinoceros as well as a possble identification
of giant hatebeest. Burchdl's zebra is very wel represented in thee layers.
Medium to large bovids are prominent and smdl bovids are rare. The bovid class
representation is Smilar to the representation observed in older MSA layer groupings.

The giraffe are now absent but the presence of hinged tortoise again suggests warm,

dry environmenta conditions.

Microfauna is currently being sudied by Wayne Glenny. Results of this andyds are

not yet available for discusson.

3.4.2. Seeds

Wadley (2004) has analysed the MSA seed assemblage. These seeds provide an
indication of vegetation in the region. Seeds may become incorporated into
archaeological contexts as a result of human activity and/or animd activity in the
cave. They may be deposted in the cave in bird guano, they may be blown into the
dte, or they could have falen from trees on the diff face above the cave (Wadley
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2004). The seeds in the dte provide data on a range of vegetation habitats such as
bushveld and forest as well as vegetaion niches within these habitats, such as canopy
pecies to understorey eements within a forest.  Anthropogenic influences upon the
seed assemblages are not as great as they are for charcod assemblages and the seeds
may originate from other agents, such as birds and monkeys. Wadley’'s (2004)
presence/absence analyss documents the types of environment from which the taxa
originate, as wdl as individud taxon requirements. Table 3.2 shows the layer
divisons esablished in the seed andyss. | have excluded unburnt seeds from this
table. The unburnt seeds are probably contaminants from Iron Age layers (Wadley
2004) where unburnt seeds are common (C. Scott pers. comm.).

Evergreen taxa are better represented in the seed assemblages than deciduous taxa
Many of these evergreen trees are able to tolerate dry conditions (Wadley 2004). YA
Is the oldest MSA layer from which seeds were analysed. It is one of the oldest post-
HP layers. Seeds have been recovered from HP assemblages but have not yet been
andysed. Layers YA to Ch2 are dominated by Erythroxylum emarginatum (Wadley
2004). E. emarginatum has been recorded in Krantzkloof Nature Reserve (Styles
2001) to the west of Sbudu Cave. This taxon is a forest component and may be
found as an edement of understorey vegetation in evergreen forests (Coates-Pagrave
2002). It is ds0 found in Mdawi on exposed hills a high dtitudes (White 1978).
Other taxa from these layers support the evidence for forest. There are dso some taxa
that are commonly found in drier conditions, such as Ziziphus mucronata and the
Ochna sp., dthough the exact interpretation is dependent upon the Ochna species
present. The Ochna seed is kidney shaped and is therefore either O. pulchra or O.
arborea, which are the only two Ochna taxa with such a distinctly shaped seed (L.
Wadley pers. comm.).

Seeds are less well represented in layers between Or and BSp (Wadley 2004) than
they were in the older layers. These layers, centred on the OIS 4/3 boundary, contain
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strong evidence for the presence of forest. The identified taxa in these layers are dso
very amilar to taxa currently in the vegetation around Sibudu Cave (Wadley 2004).

Erythroxylum emarginatum is absent from layers above BSp. YSp to RSp contain
both evergreen and deciduous taxa. The identifications suggest a range of vegetation
types incduding riverine fringe vegedion (Phoenix reclinata), forest (Celtis
mildbraedii and Rhoicissus rhomboidea), forest margins @cacia sp. and Ochna p.)
and Bushveld (Ochna p.).

Wadley (2004) notes that deciduous taxa become more prominent in the assemblage
above layer RSp (with the exception of OMOD). Layers OMOD2-BL to BMOD
mark the beginning of this change. With the exception of the Ochna sp., however, dl
of these taxa can be found in the modern vegetation in the Sibudu Cave region.

OMOD contains only evergreen taxa. Wadley (2004) suggests that the taxa that are
present and the absence of deciduous species, may provide supporting evidence for a
wet phase at about 50 000 years ago as has been recorded elsewhere. MOD, aso
dated to about 50 000 years ago, contains some evergreen forest taxa that were absent
in the younger layers Ore2 to Co. Overlying layers may date to the end of OIS3 and
the taxa represented in Ore2 to Co (Fig. 3.4) may provide evidence for the onset of
dry and cold conditions associated with the LGM of OIS2. The seed identifications
from these layers are limited; therefore, this can only be suggested at present. OSL
dates for these layers will help darify whether these ae dl find MSA layers and
whether they should be grouped or kept separate.  This will have bearing upon the
interpretation of the identified taxain these layers.

3.4.3. Phytoliths
Phytoliths have been andysed as pat of a sedimentologica study to edablish the
presence and compostion of burning episodes at the ste. The study dso amed to

resolve queries concerning the origin of some minerds - such as gypsum - found in
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the archaeologica deposits.  Schiegl et al. (2004) documented the mineraogica
contents of archaeologica samples from hearths sediment matrix, and one amost
derile MSA deposit. The layers sampled are included in Table 3.2, When andysing
the sample contents Schiegl et al. (2004) noted whether the samples were composed
of wood ash and grass phytoliths (Type 1) or whether they contained wood ash (Type
1) only. It might be expected that hearth contexts are likely to contain wood ash
because it can be assumed that woody taxa were burnt, forming these contexts. Other
contexts, such as sediment matrix, may be more likely to contain a combination of
phytoliths originating from a variety of sources, such as grass blown into the cave or
brought in for bedding, as wdl as phytoliths from food sources, such as fruits, and
some wood phytoliths.  The wood phytoliths would probably be present in lower
proportions. Some of the samples analysed do support this theory; however, many of
the sediment matrix samples contan only wood ash phytoliths and some hearth
contexts contain both wood ash phytoliths and grass phytoliths. To gan a more
detalled undergtanding of the rdaionship of phytolith types and archaeologica
contexts, it would be necessary to carry out a spatid study on samples from a range of
contexts across archaeologica horizons. The current study (Schiegl et al. 2004)
provides intraspecific detall for samples from a smdl area within BSp. In BSp there
ae Type | and Type Il sediments within a sngle heath dructure. It can be
hypothessed that grass was used in the fire - perhaps as kindling - or it was
accidentally incorporated into the fire.

3.4.4. Pollen

Fifteen samples were taken from the dratigraphic section of the North and East wall
of the trid trench. These samples were removed from a range of contexts, including
layers that had been noted during excavetion as being highly burnt and layers with
rddivey little evidence for burning. All of the samples contained organic materid
but in many of the samples the organics could not be identified (R. Renaut pers.
comm.). Bacterid or fungal decay was noted as a possble explanation for this
(Renaut & Bamford 2003). Burning & farly extendve a the dte and this may adso
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have hindered presarvation. On the one hand, burning activities a the dte assg in
preserving organic remains such as seeds and wood, but on the other hand these

episodes of burning prevent good preservation of pollen and, to some extent,
phytoliths.

Eight of the 15 samples contained very smdl quantities of identifiable pollen (Renaut
& Bamford 2003). All of the taxa present can be found in Coastad Bushveld-
Grasdand (Renaut & Bamford 2003). Renaut & Bamford (2003) concluded that no
detalled or meaningful palaeoenvironmental data could be obtained from these smadl
data sets, however, it is interesting to note the co-occurrence of Acacia . in the
pollen and seed samples from layers dating to between 60 and 50 000 years ago.
Pollen identifications aso provide evidence for some additiond vegetation types in
the region such as grasses and ferns. Seed or charcod studies could not provide
evidence for these types of vegetation. The pollen thus asssts in developing a more
comprehensve image of the vegetation near Sihudu Cave during the MSA.

35 Summary

A multidisciplinary agpproach is being used to <udy the evidence for
paaeoenvironments and changes in these environments through time. There are
severd mgor trends that can be seen in the palaeoenvironmenta proxy data. It is
clear from the faund remains that the Ste occupants were able to travel to the coast
because marine fish and mussels have been documented in layers dating to about 62
000 years ago, dthough marine resources were not exploited frequently, as is
evidenced by ther smal quantities It is goparent that the Ste occupants dso
travelled to obtain rav materids, in paticular the hornfels that is frequently used for
menufacturing lithics The seed and fauna assemblages contain taxa from warm, dry
environments.  Some of the identifications, such as giraffe and Ochna cf. pulchra, are
only found further north in South Africa today. Acacia species are noted in smal
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numbers in MSA layers dated to between 60 and 50 000 years ago. Giraffes
commonly live in aress with Acacia species and this is one of their primary foods.

Large bovids are prominent throughout the MSA assemblage. Some of the large
bovids that were hunted are now extinct. Smdl bovids are paticularly poorly
represented in the MSA a Sibudu Cave. Seeds and fauna such as hippo, crocodile,
Phoenix reclinata, Harpephyllum caffrum and Asparagus sp. provide evidence for the

presence of the river throughout the MSA.

These data will be conddered with the evidence from the charcod andyss in
Chpaters 8 and 9.
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CHAPTER 4. SAMPLING STRATEGIESAND ANALYTICAL
THEORY

4.1. Introduction

The results and interpretations of a charcod assemblage are highly dependent upon
the methods used during excavation, curation and analyss. This chapter has been
dructured aound two important components of charcod andyds  Sampling
Strategies and Andytica Theory.

Complexities of sampling, whether archaeologicd or nonrarchaeological, are
consdered fird. The focus here is to isolate stages of sampling that contribute to, or
detract from, the charcod assemblage during its accumulation, depostion and
subsequent excavation and anayss. Methods frequently used in archaeobotanica
studies are discussed. The find part of the chapter presents and discusses charcod
andyss methods and their associated problems. | discuss the merits of quditative
and quantitative approaches to andyss in reaed dudies and | examine the

progression of the discipline.

4.2. Multiple Stages of Sampling

Charcod that is incorporated into an archeeologicd dte is affected by human
activities as well as naturd events. In some ingtances, accumulation processes are
dmog entirdy independent of each other and can be eesily distinguished. Hearth
contexts provide charcoa that has dmost certainly been collected for burning. The

process of accumulaion is thus human. A lens with little evidence of human
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occupation other than charcod may be a result of a naturd fire passing through the
dgte and burning the exiging ground cover.  Charcod accumulation in  this
cdrcumgance is clearly a result of naural processes and events. In other
cdrcumgances, for example in sediment marix when charcod is scattered with
atefact remains, it is not possble to recognise agents of accumulation.  Although in
many indances humans are the most likely producers of charcod in an archaeologica
asemblage, naturd processes cannot be ruled out entirdy.  In mog dtes the
environmental influences and the culturdly determined sdlection of woody taxa are
entwined to such an extent that it is impossble to separate the two when interpreting
the data  This does not preclude the possbility of a least patid vegetaion
recongtructions, and postulations can be made about the nature of the paaeoclimate
during occupation periods.

Wood undergoes a series of processes beginning with initid accumulaion by the ste
occupants and ending with the sdection, by achaeologist, of a sub-sample of
charcod from the assemblage. The processes can be divided into four broad divisons
that separate the parent population, from which the assemblage is derived, and the
find sub-sample that is anadysed (Fig. 4.1). These processes have been outlined using
theoreticd models in the charcod literature (for example Ford 1988; Popper &
Hastorf 1888; Smart & Hoffman 1988; Dincauze 2000). In generd, these modds are
used to edadlish the processes that dgnificantly affect charcod assemblage
compogtion and dl such modds hdp to highlignt complexities inherent to andysng
charcod. The stages of sdection are quite easy to define on a theoretical bass but
recognigng different sdection processes  archeeologicaly is  more  difficult.
Dincauze's (2000) modd and corresponding discussion show that there may be loss
of information at each sdection stage.  Such loss equates to the true representation of
the origind parent population being diminished and thus the sub-sample may bear
little resemblance to the origind parent population. It is shown in Fg. 4.1 tha
sections of the sampling process can be controlled and loss of information minimised.
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Sampling bias is not a problem unique to charcod assemblages, it dso goplies to
seeds, fauna or other artefact classes found in archaeologica Stes.

Bdow | highlight some of the factors contributing to the accumulaion of charcod
assemblages as well as those that detract from or change the assemblages. | focus on
discussons that are directly relevant to the Sbudu Cave charcod analyss.

4.2.1. Sampling Agenciesfor Archaeological Charcoal Assemblages

Wood collected to produce fire for heat, light and cooking is of prime importance
(Archer 1990) and wood accounts for the largest quantity of plant materia used by
communities without eectricity or access to other energy sources in southern Africa
today (van Wyk & Gericke 2000). Various studies have shown that on a daily bass
an average of about 15 kg of wood is used to make fire for a variety of household
tasks (Archer 1990; Liengme 1983). It is likely that at leest as much wood was used
in the past. In many areas of southern Africa the danger from predatory animas was
gregter in the MSA than it is today; therefore, it is possible that more wood was used
in order to mantain a fire throughout the night. In addition, wood may have been
brought to a ste for manufacturing hafts. These hafts may have been discarded and
incorporated into fires It is unlikey, however, that they ae very vishle in the
achaeologica record because if bunt they would fragment and amagamate with
other wood charcod. MSA dtes in southern Africa do not provide evidence for use
of dructures, and therefore the use of wood for tasks other than creeting fire was
probably minimal.

Humans can be consdered the prime agents bringing wood to archaeologicad Stes
such as caves or rock shelters. This is because they are relatively closed environments
and vegetation ground cover is often parse. There is less potential for charcod to be
introduced as a result of veld fires in closed dtes than there is & open dtes  In
addition to the risk of veld fires a open dtes, burrowing animas can transport
charred materid within, into, or out of archaeologica contexts (Wood & Johnson

60



1978, Smat & Hoffman 1988). For environmentd interpretations it may be
preferable to andyse charcod from burrows, veld fire lenses or charcoa removed
from benesth existing forest floors (February 2000) because the data may provide a
less biased view of the loca vegetation than could be gained from an assemblage that
iIs a result of human sdection (Smat & Hoffman 1988).  Unfortunady, it is
exceedingly rare to find nonthumenly influenced gtes with long sequences of
environmentd datas both of which ae favourable for paaeoenvironmenta
recongtruction.

Even though humans ae the prime accumulators of charcod in archaeologicd
contexts, the naturd environment plays a large role in determining what is available
to be incorporated into the deposits. These environmentd influences may be visble
through taxon representation in the assemblage, thus enabling the andyss of

environmental change.

4.2.1.1. Wood selection

Proximity, accessibility and the purpose for which the wood is intended are aso
likdly to influence wood collection. Fuedwood, hefts and building materids are
sdected by modern communities using certain criteria because they are intended for
tasks requiring specific wood properties.  This is likely to be true of past communities
as wdl as modern communities. In addition, socid factors may play a role in
influencing the collection of wood. Each factor is discussed with reference to
examples from ethnographic studies and suggestions of how these may be recognised
archaeologicaly are put forward.

Abundance of wood types varies ggnificantly between biomes and communities. It
was assumed in early charcoa studies (Sdisbury & Jane 1941; Hadac & Hasek 1949)
that the proportions of woody taxa brought to a Site could be directly correlated to the
abundance of taxa in the naturd environment. If correct, this assumption would have

dlowed for a direct recondruction of the vegetation and environment. The
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assumption is flawed; however, because it places too many condraints upon the
actions of people and ther mohbility within the environment (Esterhuysen 1996).
Ethnographic studies provide strong evidence for preferentia collection of some
woody taxa over others (Archer 1990; Nicholson 1981; Neumann 1999). Ealy
charcod studies dso assumed that proximity of fuelwood resources to a sSite played a
large role in determining the compostion of archaeologicd charcod assemblages. It
was theorised that people would have collected wood closest to the gte, in preference
to traveling further from the dte to collect wood. Both assumptions are part of the
principle of least effort (PLE) which semmed from a hypothes's proposed in physics
in the early 1800s (Esterhuysen 1996). In the early 1900s it was adopted to support
hypotheses regarding physicd behaviour (Esterhuysen 1996). Researchers have since
suggested that the second assumption is aso problematic (Tusenius 1986; Shackleton
& Prins 1992; Esterhuysen 1996) and it is recognised that culturd preferences as well
as avallability may lead people to travel further for wood. Proximity of suitable wood
sources aso varies ggnificantly from one Ste to another, adding a further source of
inaccuracy.  Although people do travel to acquire specific wood types this is seldom
for fudwood. More commonly, people will travel large distances for special wood
types used for ritua purposes (Nicholson 1981; Smart & Hoffman 1988). The
diginction between the two may not be clear once charcod is accumulated in the
achaeologicd sediments.  Nonethdess, ethnogrephic studies have highlighted some
generd rules which are fairly common to fuewood collection in modern societies in

southern Africa

Dead wood is prefered for fud (Prior & Tuohy 1987) because it burns more
effectively and with less anoke than fresh or wet wood. The yidd of dead wood
varies between taxa (Shackleton & Prins 1993) and therefore preferred wood types
may be present, but dead wood may not be available at dl times of the year. Archer
(1990) noted that of the favoured fudwood in her study region, Acacia karoo and
Rhus undulata have ggnificantly higher dead wood yidd than another favoured
taxon, Datura stramonium. Thus dead wood yield may influence collecting Srategies
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by determining which trees were routindy available to be utilised. This may have
been especidly important if the dte occupants were semi-sedentary and aware that
their loca source of dry wood could become depleted over time. In addition, wood
may be cut and stored before it is brought to the site (Shackleton 1993). This type of
collecting drategy tends to be employed when there are inaufficent fuewood
resources (Prior & Tuohy 1987), such as when population sSize in a region is large
enough to place pressure on the available resources. Wood and other dry vegetative
matter is sometimes collected from the ground, dthough this random collecting
srategy (Archer 1990) is predominantly used for acquiring kindling.

Identifying these patterns archeeologicdly may be difficult but it is possble to
speculate the effects of such collecting drategies upon the archaeologica assemblage.
Firdt, gathering wood from the ground may cregte a bias in the record towards smaller
branches or even smdl taxa such as understorey shrubs. Secondly, collecting dead
wood from trees may produce a bias towards larger branches, because larger trees
tend to have a higher dead wood yield than smaler ones (Mudekwe 1997).

There is abundant literature documenting that some wood types are avoided as fud
while others are preferentidly collected. Spirostachys africana is an example of a
taxon that is routinely avoided (Pooley 1997; van Wyk & van Wyk 1997; van Wyk &
Gericke 2000; Coates Palgrave 2002). It burns with a noxious smoke causng
headaches and even nausea (Pooley 1997; van Wyk & Gericke 2000). Archer (1990)
found that firewood was often diginguished on the bass of its propeties For
example, kindling and tinder are distinguished from fuewood, while bad fudwood is
avoided dtogether. In this instance bad firewood encompasses taxa that produce
noxious fumes or smoke, and/or they do not create good cods for extended burning
(Archer 1990). Fudwoods that are commonly collected in southern Africa include
Acacia spp., Rhus spp., Combretum spp. and Erica spp. (Archer 1990; van Wyk &
Gericke 2000). These wood types al burn very well and for extended periods.
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Culturd beliefs are particulaly difficult to infer from charcod assemblages especidly
when modern andogies are not available. It is possble to impose patterns, noted
through ethnographic  studies, onto the archaeological data if use/avoidance is
primarily governed by obvious properties of the wood, but this should be done with
extreme caution. Culturd fuelwood collection practices may be highly dependent
upon physica properties but this is not dways the case. Neumann et al. (1998) noted
that archaeological charcod from Seouga in northern Burkina Faso contained some
taxa that were not included on a ligt of favoured fuewoods compiled for the region by
Von Mayddl (1983). It had been expected that taxa in the archaeologica charcoa
and taxa on the list would have been comparable if the wood brought to the site was
utilised as fud. This find suggests that fuedwood collection may be rdativey
haphazard athough, when asked, people will list wood types that they prefer to use
This does not mean that other types are never collected or that they would never
become accidentaly incorporated into a bundle of firewood. This point can be
further illustrated with the results of a study carried out in KwaZulu-Natd (Ellery et
al. 2000). The community was asked which wood types they preferred, used and
avoided as fudwoods and for manufacturing structures or objects (Ellery et al. 2000).
Sirostachys africana was liged as “avoided” in both the fuelwood and structure
manufacturing species ligs however, it was dso liged in the Structure manufacturing
lig as a “less commonly used” wood (Ellery et al. 2000). It is often not clear what
drives culturd practices and in many circumstances more than one factor is likey to
influence wood sdection.  There is therefore little bass for imposng modern
practices upon data obtained from MSA archaeologica stes.

4.2.1.2. On Site Sampling Processes

Sdlection processes continue to dter the assemblage compostion at the dte after the
initid phase of wood collection. Human sdection could have asssted or prevented
the wood from being burnt and becoming preserved. A flow chart (Fig. 4.1) is used
to show tha there are two potentid points of information loss at this sage. Firs,
wood may be burnt completely, producing ash rather than charcod. Second, wood
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may not be burned a dl, in which case it is unlikdy to survive unless waterlogged or
desiccated (Dimbleby 1967; Miksicek 1987; Dincauze 2000).

Charring can occur deliberately or accidentdly (Neumann 1999). Ddiberate burning
refers to any wood that was intentionaly burnt, whether as fuewood or for another
purpose.  Accidental burning may occur if dructures catch fire, or if materid
collected for another purpose becomes unintentionaly incorporated in the fire.  For
example, it is possble that objects such as hafts or bedding materids caught fire
accidentally. Such smadl-scale accidents may not be vishble archaeologicdly and ae
mentioned only to display the potentid for varidbility in the assemblage. Bedding,
which may have conssted primarily of grasses and forbs (Wadley 1979), may be
more gpparent through phytolith studies than through charcod andyss.

Charcod will ally be produced when there is a lack of oxygen within the fire, which
prevents complete combugtion from occurring. The heat each piece endures, its
location within the fire as well as its resn content, moisture content and specific
gravity, may dso affect this process. Production of charcod is in essence haphazard
and therefore it is impossble to predict the quantity of charcoa that will be produced
in a fire. Regardless of the nature of the study (environmental of culturd), this has a
ggnificat  effect upon archeeologicd sampling drategies and andyss procedures
that can be used. Thiswill be discussed in grester detail below.

Once the wood is burned, and the Site abandoned, a series of factors continue to
influence the assemblage (Fig. 4.1). Post depostiond trampling may cause further
fragmentation dthough this depends upon the amount the Ste is used and rates of
sedimentation subsequent to assemblage deposition.  Trampling results from  human
and animd ectivity a a dte It is wel documented that bones in archaeologica
deposts become fragmented if depodts are sgnificantly trampled (Olsen & Shipman
1988). Charcod would aso be affected by trampling; however, this disturbance may
not be as easy to recognise.  Sediment compaction during later occupation periods
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may rexult in further in dtu charcod fracturing. Other naturd processes include
water disturbances (Wood & Johnson 1978) caused by flooding or springs flowing
through a ste. The effects of such disturbances are often observed during excavation
by noting the digtribution and orientation of bone or lithic artefacts (Schick & Toth
1993) or through sedimentation patterns. Charcod is easly floated by water but it
may not be easy to detect small disturbances because the fagments tend to have an
amorphous shape and show no preferentid orientation.  Significant water flow would
probably remove charcod fragments dtogether. Dated charcod fragments from two
gtes in northern Burkina Faso illugtrate the need for caution when anadysing charcod
from loose aeolian derived sediments (Vogelsang 1996, Neumann 1999). Dates
ranged over 8000 years and 6000 years for charcod fragments that had been removed
from the same gratigraphic context within each of the Stes.

Charred wood is reatively ressant to chemica weathering processes (Dimbleby
1967; Leney & Cagted 1975) and, therefore, dthough the charcoa will be rendered
physcdly fragile, the fragments will not be dtered chemicdly once chared. Most
ggnificant physcad changes occur during charring.  As wood dries it shrinks and
further dhrinkage occurs during charring. Based on experimentd dudies, Scholtz
(1990) documented that shrinkage of about 25% is common and that the proportions
of interna structures did not change in relaion to one another. It has been recorded
that shrinkage is variable between taxa and is dependent upon wood anatomica
features, such as vessd didribution (Rossen & Olsen 1985). Preservaion and
fragmentation may aso be dependent upon moisture content, the presence of gums

and resins, aswell as the temperature and duration of charring.

Prior and Alvin (1983; 1986) documented some of the dructurd changes that
occurred in Dichrostachys and Salix during charring.  Their sudy showed that certain
wood anatomical characters were more prone to the effects of charring, while dso
illugrating that some taxa, in this case Dichrostachys, may be affected more than
others (Salix). Some characters, including rays, were dtered in both taxa and others
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such as fibres were only dgnificantly dtered in Dichrostachys (Prior & Alvin 1983).
The authors concluded that moisture content and chemicd makeup were important
factors in determining the effects of charring (Prior & Alvin 1983).

4.2.1.3. Archaeologica Sampling

This stage of sampling can be controlled by archaeologists and charcod andysts and
thus information loss can be minimised.  Archaeologicd sampling encompasses
selection processes that occur during excavation, sorting, curation and sub-sampling
prior to andyss. There are two main ams of archaeologica sampling. The firg is to
produce a representative sub-sample of a managesble sze when time and cost
congraints are taken into consderation (Orton 2000). It is rarely possble, nor ided,
to andyse dl charcod recovered from a dte or even from a layer within the dte. The
second am is to ensure that the sample does not introduce further unnecessary bias
into the anaysis (Orton 2000). There are some common techniques ged to obtain a
representative sample and aso to minimize loss of data or the introduction of bias. In
generd, the procedures employed are very much dependent upon the questions being
asked of the datar Many of the methods discussed here have been pubished in
reference to sampling other achaeobotanicd remains, dthough they ae dso
gpplicable for sampling charcod.

Excavation and Seving - It is often possble to remove charcod fragments during
excavdion. To maximise recovery, flotaion or dry deving can be used (Wagner
1988). Hotation may be paticulaly useful a dtes with rdatively smdl charcod
fragments, where abundance is low, or when sediments are wet or consolidated;
however, for many dtes dry Seving is sufficent if a fine mesh is used. Large mesh
seves will bias the sample (Wagner 1988) towards larger fragments and may lead to
a bias in the taxon representation if amdl taxa and shrubs are diminated. During dry
seving, large and heavy artefacts such as lithics should be removed to prevent further
fragmentation of charcodl.
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Sampling in the laboratory - The following methods are commonly used to acquire a
sub-sample. Some of these are more effective than others a reducing the introduction
of bias. Sub-sampling is used to acquire a sample of adequate size and to target
cetan features or periods of occupation in order to answer specific research
questions. The sample must be representative of the assemblage as a whole and the
sampling method used must diminate or reduce any potentia for the introduction of

bias.

Sub-sampling can be divided into two levels. Fird, it is necessary to decide whether
materia excavated from a certain section of the ste will be andysed or whether the
sub-sample will encompass materid from across the entire ste. It may be better to
andyse charcod from the sediment matrix rether than from contexts that may have
been drongly influenced by a specific event, or series of events. For this reason
hearth features should be avoided unless the andysis is being used to study fud use
or the relatiionship of one hearth feature to another, for example. The regions of the
Ste to be sampled may be chosen randomly or may be sdected for a specific purpose.
The dze of the sub-sample is often dtermined by time and cost condraints. Sub-
sampling criteriashould be outlined and justified for each individud study.

The second sub-sampling leve is used to obtain the charcod that will be anaysed.
The mogt effective methods of acquiring a sub-sample use random sampling, whether
with randomly generated numbers (Orton 2000) or a riffle box (van der Veen &
Feler 1982). Both of these methods eiminate the possibility of subconscious bias
being introduced to the sub-sample (van der Veen & Fdler 1982). It is also possible
to take a graded sample. In this method the assemblage is divided into different sze
categories usng graded seves and random samples are then sdected from each
category. This type of method ensures equa representation of different Sze classes.
Ancther frequently used method is grab sampling. This technique can introduce
sgnificant bias into the sample being andysed because the procedures used are rarely
sandardised (van der Veen & Fidler 1982). It is dso often difficult to gan an
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indication of how representative a sub-sample is of the assemblage from which it was
selected (van der Veen & Fidler 1982). Grab sampling should therefore be avoided.

Cumulaive sampling (van der Veen & Fidler 1982) incorporates random sampling
and is generdly used to assess how representative the sample is during the andyss.

Initidly the assemblage is divided into smdler samples usng random sampling
procedures, a sample is then analysed and the results plotted to produce a cunuldive
curve. This procedure is repeated until the cumulative curve produced indicates that
the sample is representative of the assemblage as a whole. A cumulative curve that
levels off will reved when the optimum number of taxa have been found. Whether
usng cumulaive sampling or not, cumulaive curve plots can be useful for acquiring
a rough indication of the sample sze required (Smat & Hoffman 1988). Anadyds
aso suggest that cumulative curves must be produced for each sample being andysed
because it cannot be assumed that an adequate sample for one layer, context or sSte
will be adequate for dl anadyses (van der Veen & Fdler 1982, Smat & Hoffman
1988). The use of cumulative curves for assessng sample adequacy in charcod

andyssis corsidered further in Chapter 5.

4.3. Analytical Theory

An gppraisa of two theoretical approachesto analysisis provided below.

4.3.1. Qualitative versus Quantitative

Two agpproaches to charcod andyss- quditative and quantitetive - are frequently
referred to in the anthracological literature.  The former is a descriptive approach to
data interpretation, while the latter makes use of dHatisticd queries to recognise
patterns within the data that may not be immediately obvious to the andyst. Whether
using quditative or quantitative anadyses severd assumptions must be made about the
daa  Firs, for both approaches it is necessary to assume that modern plant
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requirements, such as access to light and water, were smilar, if not the same, in the
pad. The second, closdy related assumption is that vegetation communities present
today were dso present in the past.  This is in turn linked to the hypothess that
ecosysem compostion has not  ggnificantly  changed. The resllts of
palaeoecological and paaeobotanica studies support the use of these assumptions
because they show tha plant communities as they are today originated in the
Neogene (Scott et al. 1997), between 24 and 1.8 million years ago. A cautionary note
made by February (2000) is that some taxa are able to grow in a wide range of
environments and climates (including temperature and rainfdl). February (2000)
offers the example of Podocarpus species, which can grow in aress with high or low
ranfdl, from 1900 mm down to about 150 mm per annum. For this reason, single
identifications should not be relied upon to determine the dimate; it is better to use
combinations of taxa. It is dso important to consder effective moisture levels rather

than precipitation aone.

The bendfit of a quditative or descriptive approach is that vegetation community data
can be usad in addition to information concerning individud taxon requirements,
without reying upon percentage frequencies of taxa Interpretation  utilises
combinations of indicator species to provide information concerning the growth
conditions, asociated vegetation and climate in the gSte vicinity during occupetion.
This method is often referred to as a presence/absence andyss. For example, the
presence of a pioneer taxon may indicate the development of the vegetation type in

which it is commonly found.

Due to problems inherent in al archaeologicd sudies, little importance should be
placed upon the absence of taxa. It may in fact be more appropriate to refer to this
type of andysis as a “taxon presence andyds’. Sudden absences of taxa, present in
al other depodts, may be reated to environmentad change dthough their absence
may aso be due to change in culturd sdection, taphonomic processes, or any
permutation of these factors. Taxa groupings may be useful in establishing this.
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In contrast, quantitative methods make use of the percentage frequencies of taxa as
well as presence/absence data. Most early charcod studies made the assumption that
taxa in an assamblage reflect the population from which it was derived. It has dready
been mentioned that researchers initidly did not question this assumption and
interpreted percentage frequencies of taxa as an indication of ther frequency in the
surrounding vegetaion (Sdisbury & Jane 1941; Hadac & Hasek 1949). Thus,
changes in frequency were interpreted as changes in the parent population, which
could then be related to climate, the development of agriculture, and so on. In other
dudies the relationship was questioned (Goodwin & Tandey 1942) and researchers
began to look for favourable gpproaches to andyss. Actudistic studies were carried
out in an atempt to quantify the processes producing charcod assemblages (Prior &
Alvin 1983; Rosen & Olsen 1985). Interestingly, in recent literature there has been a
return to the use and support of quantitative procedures (Piqué & Barcdo 2002), and
some andyds suggest tha “large enough” charcod samples will provide an
indication of the proportions of taxa in the environment (Badd Garcia 1992, Figueird
1992). The accuracy of this assumption is dependent upon the amount and type of
sdection that has influenced the assemblage and this should be assessed for
individua gtes, rather than applying blanket procedures to dl charcod studies.

Satigics ae primaily used to assg with finding petterns in the data, while
interpretations rely upon knowledge of the modern vegetation communities, and
conditions that give rise to these communities. Instead of relying on direct
associations  between taxon frequency in the sample and frequency in the
environment, researchers look for trends in the data and for common influences that
may have resulted in fluctuations in the taxa being brought to or preserved a the Ste.
Statistical procedures such as factor anadyss and correspondence anadysis are often
used to find these patterns in the data. In addition, many anthracologists now make
use of grgphing programmes, such as Tilia graph.  This programme is more
traditiondly used for pollen andyses. Once patterns have been found it is then the
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responsibility of the andyst to interpret these as accurately as possible by researching
potentid factors that could be responsble for producing the observed trends. These

influences may be environmentd, cultura or taphonomic.

44. Summary

The above discusson has highlighted some of the problems with charcod andyss
and interpretation, while aso presenting some of the methods most often used to
overcome these problems. The mogt important points are summarised here.  Firg,
sampling must be controlled where possble to minimise introduction of bias. Where
this is not possible the excavator and/or andyst should note any evidence for origins
of the charcod, its context, association with other artefacts, and any obvious post-
depositiona disturbances that may bias the sample. Secondly, charcoa can provide a
view of the paaeovegetation and the wood collecting habits of the Ste occupants.
Where possble, taxon identificaions should be interpreted in combinations rather
than independently of one another. This type of approach will assig in obtaning a
broader and more accurate view of paaeovegetation, climate and cultura practices.
Thirdly, to assg the interpretation further, charcod data is interpreted best when
combined with pdaecenvironmentd or culturd daa from other proxies
Interpretations tend to be more accurate when based on multidisciplinary studies
because the data provide a broader view of the palaeoenvironment, including
vegetation, fauna, and climate.

The origins and influences upon a charcod assemblage may be complex but it is
possible to isolate some of the sampling stages the woody taxa have been subjected to
before being excavated by archaeologiss. It is apparent from the above discussion
that the methods used for andysing charcod assemblages may vary from one ste to
another depending upon the questions being asked of the data and the accumulation
processes that contributed to the composition of the archaeologica assemblage.
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The following chapter presents materids and methods used to andyse the MSA
assemblage from Sibudu Cave.
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CHAPTER 5. SAMPLING, CHARCOAL IDENTIFICATION AND
ANALYTICAL METHODS

5.1. Introduction

In this chapier | focus on the materids and methods used for sampling, identifying
and andysng charcod from Shbudu Cave Comparative collections, thelr
development and composition are conddered in the context of southern African
charcoal studies. A description of the Universty of the Witwatersrand collection is
given, with paticular reference to anatomicd characters that are used for
identification.  This section aso includes a discusson of the processes used to
identify charcod and the methods used for recording charecter data  Findly, the
anaytical methods chosen for this analyss are presented.

5.2. Sbudu Cave Charcoal Assemblage

5.2.1. Sampling Procedures
In this section | discuss some of the sampling processes, whether cultural or naturd,
that have contributed to and/or detracted from the Sibudu Cave charcod assemblage.

5.2.1.1. Wood Selection

It has dready been mentioned in Chapter 3 that charcod is dundant in most MSA
deposits excavated thus far a Sibudu Cave. Sedimentologica and faund evidence
suggests that burning frequently occurred at the ste.  In some ingtances, this evidence
takes the form of discrete hearths containing burnt bone, lithics and charcod; while in
other contexts, charcoa, ash and burnt sediments are scattered through the deposits.
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Wood use is ds0 indicated by the presence of points in the lithic assemblage, which
can be consdered proxies for hafting. In addition, resdues found on many of the
Sbudu Cave tools suggest extensve plant processng (Williamson 2004); however,
this cannot necessarily be attributed to working woody plants, unless woody
structures are observed. There is no other evidence for wood use in the MSA layers,
athough this may be reated to vighility in the archaeologicd record rather than to
actua wood use at the Site.

5.2.1.2. Post-depogtiond Influences

Evidence for post-depostiond disturbance at Sbudu Cave appears to be minimd.
Taphonomic processes are being studied through various mediums.  Schiegl et al.
(2004) studied the phytoliths (discussed in Chapter 3) and mineralogica compostion
of sadiments a Shbudu Cave to determine evidence for dte formation processes.
Sediment compostion a the Ste suggests that many of the minerds could have been
derived from plant ash or from decompostion of bone (Schiegl et al. 2004). Non-
humanly introduced sediments of quartz and clay are locd in origin.  Schiegl et al.
(2004) suggest that there may be evidence of sediment disruption in the form of ash
scatters.  Evidence for this disruption was observed during excavation and has been
confirmed through microscopic anadlyss of samples (Schiegl et al. 2004). The ash
scatters could be a result of trampling (Schiegl et al. 2004), cleaning of the hearths, or
wind movement, after depogtion.

Can (in press) has dudied the taphonomy of the Shbudu Cave macrofauna
assemblage.  The results of that analyss show that naturd disturbances such as water
movement and wind action have had little effect upon the bone. Bones in the MSA
deposits are highly fragmented and burnt. The mgority of the assemblage has been
fractured prior to burning, suggeting tha trampling was indggnificant. The
disturbances or ash scatters noted by Schiegl et al. (2004) are probably a result of re-
deposition of hearth contents after being “swept out” (Can in press) for hearth
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maintenance. Percusson marks on the bone provide additiond evidence for humans

as the prime bone- dtering agent.

Towards the back of the cave, in squares C2, D2 and E2 (Fig. 3.4), sediments in layer
RSp are sgnificantly thicker than they are in grid squares across the rest of the ste.

RSp is dso artefact rich. This may indicate that the back of the cave was used more
than sections further from the cave wdl, or it may reflect naturd sediment
accumulation processes.  Interestingly the late post-HP layers, above MOD, were
only present in this section of the dte. This dso leads one to suspect a different

pattern of use and/or accumulation towards the back of the cave.

5.2.1.3. Archaeologicd Sampling & Sibudu Cave

Excavation and Seving - All excavated depost is dry seved through a 2 mm screen.
Hotation has not been used because the sediment is very dry and rarely adheres to the
atefacts. Residues on lithics may be logt during flotation and wetting bone can cause
damage that is likely to hinder long term curation. During the 2003 and 2004 field
seasons a finer 1 mm mesh was nested within the 2 mm Seve to maximise recovery
of amal seeds. This method appears to have improved seed recovery and it may have
affected charcod recovery. It remains to be seen whether there will be a significant
effect upon the andyss and interpretation of the archaeobotanica remains.
Fragments of charcod that are smdler than 5 mm are rdy andysed. It is therefore
likdy that this fine mesh will increese bulk measurements of charcod without
dtering the andyss results. Large and fridble charcod is removed in Stu before
screening to reduce subsequent fragmentation.  This also reduces the potentid for re-
andyds of what was origindly one piece.  Sorting and initid curation take place a
thesteand dl charcod fragments are kept.

Sampling in the Laboratory - For this andyss sub-samples were taken from each of
the layers analysed to obtain managesble sample sizes.
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To gan information regarding change in the charcod assemblage through time, it was
initidly decided that charcod would only be andysed from the witness trench. This
as endbled andyss of charcod from a wider range of periods because the witness
trench was dgnificantly deeper than the rest of the excavation (Fig. 5.1). As daes
became available for the dte it was apparent that the youngest MSA occupation was
only represented in layers found towards the back of the cave. Therefore, to gain
samples from a larger spectrum of occupation periods, a sample was taken from layer
Bu in this region of the gte. Layers sampled are shown on Fig. 3.3 and Fig. 3.4. One
section of the excavation, including layers GA, YA and YA 1, was avoided after
initid andlyss reveded that preservation was poor and may have hampered the
identification process. Subsequently layer Eb and some of the HP layers were
anaysed as the assemblages became available.

Charcod included in the anadyss had been excavated from the sediment matrix only.

Hearth charcod was not included in an atempt to avoid adding unnecessary bias to
the samples.

With the exception of the HP layers each layer was sampled from an area of 2 nf. At
the time of andlysisonly 1 nf of the HP layers had been excavated.

One hundred and twenty fragments were extracted from each charcoad assemblage.
This number does not represent an equa portion of each assemblage because charcod
abundance and deposit volume vary between layers, however, it did provide a sample
that could be analysed and documented within the time available. It has been noted in
Chapter 4 that assemblage composition varies within and between deposts and that
sampling should be specific to each layer analysed and each ste. A sample of 120
fragments from each layer was used as a garting point for the andyss and for reasons
discussed below it was not necessary to increase the sample size.
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Stratified samples were taken from each of the eght layers andysed. Samples of 15
fragments were removed from each 50 cn? excavation grid unit ensuring uniform
representation of charcod and minimisng the risk of andysng one branch
repeatedly. The 15 fragments were removed from five sze categories (<5 mm, 610
mm, 11-15 mm, 16-20 mm and >20 mm). Where possble three fragments from each
category were analysed for each quadrant. For the HP sample 30 fragments were
taken from each quadrant, totdling 120. These 30 fragments were digtributed
between the three HP layers (GR, GR I and GS) included in thisandyss.

5.3. ldentification

Charcod is identified using comparative collections of modern wood specimens.
These collections take many forms, from images only (llic 1991) or images with
identification keys (Kromhout 1975) to computer identification manuas including
images, descriptions, and interactive keys (Wheder et al. 1986; Neumann et al. 2000;
Schoch et al. 2004). In most cases less regiondly specific texts of wood anatomical
festures are referred to for character lists used in the documentation and identification
process (Barefoot & Hankins 1982; Jane 1970; Carlquist 1975; Desch & Dinwoodie
1981; Metcafe & Chalk 1950a, 1950b; IAWA 1989; Wheeler et al. 1986).

5.3.1. Southern African Compar ative Collections

Wood identification publications for southern African taxa are limited (Scott 1927,
Kromhout 1975; Prior & Gasson 1990, Eichhorn 2002) and in the past each
researcher or inditute has gathered reference materia specific to their current region
of research. This regionaly specific approach has dso been employed because there
IS an exceptiondly high diversty of taxa in southern Africa  The complex dimate
and vegetdion regimes across sub-Saeharan Africa make this the most practica
approach.  Archaeo-anthrecologids rather than researchers with forma botanica
training have undertaken much of the anthracologica research in South Africaa There
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are a few exceptions to this but even those with botanica training have predominantly
andysed charcod from archeeologicd dStes and have thus targeted archaeologicaly
oriented questions, working within limited archaeology budgets. The focus of many
of these proects has been upon the outcome of the andyss and the
palaeoenvirormental or  paaeoethnobotanica  interpretations  rather than  examining
the comprehensve nature of the reference collection itsdf or difficulties encountered
during identification. This is not to say that the research and identifications are
inaccurate but rather that there are few publications for taxa from the region that
provide detailed notes on identification problems a the family, genus or species leve
for example. An exception to this is a publication by Verhoeven & van der Schuff
(1974) in which they discuss the wood anatomy of Combretacese taxa and make
specific reference to festures that can be used to distinguish one taxon from another.
Cartwright & Parkington (1997) have highlighted some problems encountered during
charcod identification and in particular they discuss problems associated with making
species levd identifications. They suggest that dl identifications should be made to
genus, with species being suggested using the prefix ‘cf.’, unless there is only one
possble species in the sudy region (Catwright & Parkington 1997). Neumann
(1999) highlights the fact that it is not necessily a reflection of the researchers
ability if gpecies identifications cannot be obtained and it is more often an indication

of the complex nature of the wood anatomy of that taxon.

Scott (1927) published a review of microscopic wood anatomica features of thirty
South  African woods. Specimens were examined under a microscope and
information was given on vessd Sze and didribution, ray types ther heght and
width as well as parenchyma digtribution (Scott 1927). Growth rings were aso noted.
Scott's  descriptions  provide taxon information that is useful for verifying the
presence of anatomicd features that have been observed in the reference materid
collected for this study.
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Kromhout (1975) published an identification key and images for some commonly
occurring woody taxa in southern Africa This publication provides a useful st of
images of the three anatomica planes used for identification. The key is dso useful
dthough some of the characters, such as colour and smell, are ingppropriate here
because they can only be used for fresh wood. In addition his identification key
includes characters, such as vessel diameter and frequency, that are not recommended
or commonly used to identify charred specimens.  Kromhout (1975) uses ray
measurements to didinguish between Acacia species, however, ray widths and
lengths can vary greetly within, and between, species There is too much vaiaion
within the Acacia genus for specific levd identifications to be made (M. Bamford
pes. comm.). It is not surprisng that Acacia species cannot be successfully
identified to species when the difficulties of disinguishing species, usng externd
plant anatomy of fresh specimensin the field, are consdered.

Prior & Gason (1990) used the International Association of Wood Anatomist’s
(IAWA 1989) list of features for hardwood identification to document anatomical
characters obsarved in taxa from afromontane and bushveld vegetation zones in
Swaziland. This publication is particularly useful because there is sgnificant overlap
between their taxa and those found within the Sibudu Cave dtudy region. More
recently Eichhorn (2002) has developed a collection with imeges, an identification
key and anatomica descriptions for woody taxa in the Kaokoland region of Namibia
This collection incdludes some taxa that are dso found in KwaZulu-Nata or nearby
athough on the whole there is little overlap. Eichhorn’s (2002) documentation of the
woody taxa provides a good benchmark for future studies. Data in each of these
publications have been useful in supplementing the Witwaterssand reference
collection.

80



5.3.2. TheUniverdty of the Witwater srand Reference Collection and Database

5.3.2.1. Scope

The collection a the Universty of the Witwatersrand was begun by Dowson (1988),
continued by Jeannerat (Wadley et al. 1992) and further expanded by Esterhuysen to
include taxa from Lesotho and the Drakensberg. It has subsequently been added to
by members of the ACACIA (Ancient Cognition and Culture in Africa) research
programme, including mysdf. The collection now holds 209 taxa and conssts of
Angiosperms, predominantly Magnoliopsda, and some Gymnosperms from  the
Coniferophyta divison. There are a few taxa occurring in both summer and winter
ranfdl regions but on the whole the Fynbos of the Cape and other winter rainfdl
vegetation zones are not as well represented as vegetation zones in the eadtern,
summer ranfal region, of South Africa  This is because the collection composition
reflects the vegetation in the research regions for which it has been used.

To prepare the collection for this project, reference specimens were collected from
remnant forest vegetation in the immediate vicinity of the Ste.  There were two clear
Zones to target; on the dopes and dliff faces around the cave, and dong the Tongati
River in the vdley (Fig. 5.2). In addition, wood samples and identification vouchers
were obtained from reserves near Durban that were vidted. These reserves included
Pigeon Vdley and Burman's Bush (in the Durban conurbation), and Shongweni
(between Durban and Pietermaritzburg). As this study was amed a assessing the
evidence for environmental change it was paticularly important to broaden the
collection to include woody taxa from a range of vegetation habitats and climatic
regions. Specimens were collected from the Waterberg and other regions in the
Limpopo Province to supplement the materid dready collected from Lesotho, the
eadtern Free State, KwaZulu-Nata, including the Drakensberg, and the Magaliesberg
region of Gauteng.
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5.3.2.2. Specimen Preparation

Compardtive collections should idedly contan specimens prepared in a vaiety of
ways. Thin sections of fresh wood provide clear detail of some features that are not
present or become distorted after charring, while charred specimens provide a more
direct comparison to archaeologicd specimens.  Charred samples will only exhibit
anaomicad features tha can be expected in the archeeologica fragments and
measurements of these features may be more comparable to the archaeologica
goecimens (Esterhuysen 1996). Greater depth is vishble in charred specimens than in
thin sections and features, such as the back wals of vessds can be seen. These are
often removed in thin sections (pers. obs). The combination of both types of
comparative materid is ided. It enables the andyst to observe changes that manifest
as a result of charing. For the Universty of the Witwatersrand collection specimens
have been charred and fractured. It is hoped that the collection will be developed in
the future to include fresh wood thin sections. In so doing the collection will become
more comparable with the collection developed in Cape Town, which conssts of thin
sections of fresh wood as well as charred wood specimens (Cartwright & Parkington
1997).

Branches of 25-30 mm diameter were cut (unless only smdler branches were present)
and herbarium voucher specimens were taken to assst the identification process.
Mog taxa were identified while in the fidd, however, in some indances it was
necessty to verify these identifications. This was done a the Universty of the
Witwatersand herbarium and through consultation with a botanist in Durban shortly
after collection and while vouchers were Hill fresh.  Young branches were avoided in
an dtempt to obtain specimens with mature wood features. Young wood contains
anatomical features that are often not fully developed and they may be very variable
within the taxon (IAWA 1989). Immature woods are therefore not very vauable for
identification. It may be ided in the future to include young specimens as wdl as
mature specimens in order to document the development of features (Esterhuysen
1996).
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Specimens were ar-dried for about one month and during this time they were
prepared for the charring process. Following Tusenius's (1986) methodology each
gpecimen was cut down to 150 mm in length, wrapped in foil and charred in a muffle
furnace at 350°C for 2 hours. Using standardised procedures specimens were then
fractured in three directions, aong the transverse or cross section (CS), tangentia
longitudind section (TLS) and radid longitudind section (RLS) to produce flat
surfaces (Leney & Casted 1975). Fracturing was carried out by scoring the charcoal
with a razor to guide the direction of the bresk and then ether bresking the pieces
manudly or by applying additiond pressure with the razor until the goecimens split.
The later technique was frequently necessary for fracturing smdler archaeologica
specimens and for obtaining a cleean TLS and RLS. Each section was viewed using
incident light microscopy to verify the darity of the surfaces obtained. These
fragments were then mounted on SEM stubs with D.A.G. (a carbon based gluing
agent) and submitted to the Electron Microscope Unit a the universty where they
were sputter-coated with gold paladium in preparation for viewing and photography.

Each new specimen for was viewed, and photographed in a JEOL 840 SEM. Many
of the anatomicd festures were documented during viewing sessons. Taxa were
viewed a magnifications of x30-1000 (occasondly higher magnifications were
used). Images were taken a x50, x100 and, depending upon the wood specimen and
the festure being photographed, magnifications of x200-1000 were used.
Photographs were produced by the centra photography unit a the Universty of the
Witwatersand and | subsequently scanned these images for incorporation into a
database.

5.3.2.3. Computer Database

While expanding the collection it became apparent that a computerised database was
required to make identifying charcod from the MSA layers a Shbudu Cave viable.
This was in pat due to the large and unwiddy nature of the reference collection,
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which a the time condsted of gpproximately 150 taxa. It was aso due to the
complexity and diversity of the Sbudu Cave MSA charcod assemblage.

In the database each taxon is recorded according to family, genus and species. The
nomenclature follows that used in Coates Pdgrave (2002). Earlier contributions to
the collection have been incorporated into this database and in some instances re-

described from the available images.

The database used for this collection is in Microsoft Excd.  Appendix A illugtrates
the form of the database spreadsheet and displays anatomica data recorded for each
taxon in the collection. This database enables the analyst to query the data and thus
diminate taxa on the bass of wood anatomica characteristics. Digitised images for
each taxon were linked to the database dlowing for easy crossreference between the
data and images (Appendix B). In addition, images of more than one taxon can be

viewed Smultaneoudy.

Characters used in the reference collection and “ Charcoal type’ databases -
Anatomical characters included in the database were mostly sdlected from the IAWA
list (1989) adthough some features were described according to methods used by
Whedler et al. (1986) and Barefoot & Hankins (1982). These references were used to
maintain condgtency with identification records begun by Esterhuysen (1991), and in
an effort to make the sysem comparable with other wood identification databases,
such as Eichhorn (2002), Prior & Gasson (1990) and Neumann et al. (2000).
Characters have been divided into the following categories, vessds, fibres, rays, axid
parenchyma and miscellaneous features. The characters used are presented in
Appendix C.

5.3.2.4. Identification Process
Specimens were grouped into one of two categories, identifiable or unidentifiable.
Specimens  classed as unidentifisble do not show sufficient anatomica features to
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endble a secure identification to be made.  Identifisble specimens were further
divided into Charcod Types or directly into identificstion groups.  The same
characteristics and database style were adopted for documenting Charcoal Types
(Appendix D). This group mogly incdudes taxa not currently held within the
collection In some ingtances specimens Smilar to taxa in the collection have been
classed as Charcoal Types because further specimens are required before an
identification can be made. They dl digolay farly dear anatomicd festures and have
been documented so that they may be identified in the future, ether as the
comparative collection is expanded or as more archaeologicd specimens are
andysed. Images of each Charcod Type have been taken to assg identification in
the future. Charcod Type images and heir associated spreadsheet are included on a
CD (see Appendix D).

Specimens may be identified to family, genus or species. Anatomica fegtures are
recorded for each fragment andysed. Species identifications are rare and, following
Cartwright & Parkington’'s (1997) suggestion, they have in most cases been preceded
with ‘cf. to indicate that they are most amilar to the given species (Retz & Wing
2000). Secure species identifications have been possble when there is only one
gpecies, ether in the region or in a genus  When species identifications cannot be
made the genus is given and is followed either by sp. (one species) or spp. (more than
one possible species) (Reitz & Wing 2000).

5.4. Analyssof Sbudu Cave Charcoal

5.4.1. Sample Size Adequacy

Sample sze and sample adequacy are important in archaeology for a number of
reesons. Fird, accurate quantitative interpretations cannot be made if a dudy is
caried out upon a nonrepresentative sample.  The second important point is that an

adequate sample may be assumed informative of measures such as diversty of the
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asmblage as wel as of the paticular sample.  Divergty is an umbrella term for a

suite of related measures including richness.

To develop a practicad approach to anaysis it is important to edtablish what the
sample should be representative of, both idedly and redigticdly within the
parameters of the sudy. Sufficient evidence has aready been presented, in Chapter
4, to suggest that the sample cannot provide a direct representation of the vegetation
zoneg(s) from which it was derived. It seems more vauable and feasble to assess the
relationship between the sub-sample, upon which the andysis and interpretation will
be based, and the parent assemblage from which it was randomly sampled.
Effectively, one wants to assess the accuracy of the random sampling procedure used.

Cumulative curves are commonly used to examine the relationship of a sub-sample to
a parent assemblage. Theoreticaly if a representative sample has leen obtained the
curve will reach a saturdtion point a which further sampling will not yidd new taxa

For this study cumulative curves have been plotted to test the adequacy of the
samples andysed. All specimens, whether identified, grouped as Charcod Types or
clased as unidentifisble, were assgned a number between 1 and 120. Using
randomly generated numbers the occurrence of each specimen was recorded and
plotted (Fig. 5.3 to 5.10) as it was drawn from the sample. Unidentified specimens
were incduded, to maintain the sample sze of 120 fragments, dthough they have not
been recorded as new identifications. Samples from the HP layers and from BSp
have levdled off more than sample from layers Eb or OMOD. The richness vaues
(raw count of the number of different taxa) are greatest for layers Eb, OMOD and Bu.

In this type of assessment a sample with low richness will inevitably reach its
saturation point before a sample of the same sze that has a much greater richness, if
the totd of fragments drawvn remains the same. This is intuitively the case however
showing the adequacy of the sample Sze is in redity far more complicated. Samples

were treated as finite when creating these cumulative curves, because specimens are
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dravn without replacement. The appearance of the cumulative curve plot (produced
without replacement) may be highly dependent upon the order in which the

specimens are drawn.

A second gpproach to assessing sample adequacy is to make use of sampling
procedures that do use replacement. When using replacement the sample is trested as
infinite.  One method that has been used for archaeologica studies is bootstrapping
(Cochrane 2003a; 2003b). Sampling with replacement is more rigorous than without
replacement and the outcome of the grgph will not be influenced by the order in

which samples are drawn from the population.

Both methods do not, however, overcome the problems inherent to charcoal andyss.
Any such measures are highly dependent upon the amount of fragmentation that tas
occurred, whether taxa were equdly affected, or whether, as is more likely,
fragmentation occurred randomly across the dte as wdl as within and between
taxonomic groupings. It must be concluded therefore that atempting to quantitatively
relate the samples andysed to ther parent assemblages is ingppropriate for this study
(P. Fatti pers. comm.). Although it is dedrable to know the relaionship of a sample
to a parent population it may not be possble to achieve this usng ether cumulative
curves or bootstrap assessments of the charcod data It is more appropriate to
develop a modd, such as that presented in Fig. 4.1, in which as many vaiables as
possble are consdered and a more descriptive approach is taken to discussing the
origin of the sample and to interpreting the data.

5.4.2. Qualitative

In the previous chepter | discussed the assumption that taxa identified in the
archaeologicd assemblage had smilar environmenta  requirements to those recorded
in modern ecosystems.  This approach to andyss will be used to interpret the Sibudu
Cave charcod assemblage data  The method will be extended to encompass
ethnobotanica data and physical properties of the wood as well as the environmenta
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niche daa  Three different types of data; environmentd, ethnobotanicad and
functiond, are drawn together from a range of sources to provide a descriptive
interpretation of the charcod assemblage. Results of the quditative assessment of the
charcoal assemblage are presented in Chapter 6.

5.4.2.1. Environmenta

This data caegory encompases the environmenta niches of taxa ther growth
requirements, growth forms and common locations. For this study data concerning
habitat, dope aspect, and climate requirements for example will be researched from
tree identification fidd guides (for example, Pooley 1997; Moll 1992; Killick 1990)
and reference texts (such as, Acocks 1988; Coates Pagrave 2002; Low & Rebelo
1998). The most accurate data can be provided for species identifications;, however,
where posshle habitat trends will be given for genus and family leve identifications
For large and wide-ranging families this may provide data that are too generdised,
however, for less diverse, and spatidly more confined families the data can be useful.
Didribution maps will be drawn for species that ae identified by usng maps
available in Coates Palgrave (2002).

5.4.2.2. Ethnobotanical and Functiona

These two categories have been grouped because they are often closdy entwined and
daa on wood function is frequently obtaned through ethnobotanica research.
Idedlly the data should be consdered separately however there are limited studies in
which the combudtibility of a specific wood is examined, paticularly for this region
and for the taxa identified & Sibudu Cave.

Cautions about the use of ethnobotanical data for interpreting MSA charcod
assemblages have dready been presented. In the interpretation of the Sibudu Cave
assemblage little emphasis will be placed upon this data; however, it is acknowledged
that cultura sdection may have been insrumenta in the formation of the assemblage.

Nevertheless, common uses of taxa and taxon avoidance (by modern societies) will
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be discussed.  Common wood uses are sourced from existing ethnographic (Archer
1990; Prior & Tuohy 1987; van Wyk & Gerike 2000) and botanica literature (Coates
Pagrave 2002; Moll 1992; Pooley 1997, van Wyk & van Wyk 1997; Hutchings
1996).

5.4.3. Quantitative

In an atempt to assess the usefulness and accuracy of quartitative gpplications, and to
assig with interpreting the assemblage, a series of andyticd gpproaches will be used.
None of these techniques are new, however, ther combined use to facilitate an
gopraisa of the methods is not recorded in the charcod literature. The methods are
borrowed from closdy related disciplines such as paynology and faund andyss  In
these methods grester emphasis is placed upon presence/absence data than upon
percentage frequencies of taxa. This has important implicatiors for the nature of the
interpretations.

5.4.3.1. Graphs

Graphing techniques provide a visud representation of data and can be used to show
changes in an assemblage over time as wdl as changes in the occurrences of taxa. A
grgph of a gmilar dructure to those produced using Tilia Graph will be presented.
The taxa can be divided into vegetation communities in which they commonly occur
(s they would be using Tilia Graph). Frequencies of taxa will be included in the
graph dthough the graph will be interpreted using the presence/absence data.

5.4.3.2. Factor Anaysis

Factor Andyss is often refered to as a descriptive datistical procedure.  This is
because the results of the output are andysed in conjunction with known data that
underlie or may influence the occurrence of each taxon, induding, in this ingtance,
data regarding the preferred environmenta niches of taxa, their dimatic requirements,
the properties of each taxon as well as culturd significance. The purpose of the factor
andyss is to group vaiables that display smilar petterns within the data  The
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assumption is then made that taxa within a grouping ae influenced by sSmilar
environmenta, cultura or taphonomic factors. It should be possble to identify the
maor influences upon the assemblage, and possbly the environment, by establishing
whether taxa that are grouped in the factor analysis are found to grow together or
have smilar environmenta requirements, such as moisture avalability, soil types or
access to light. It is aso possible that grouped taxa dl provide good fue wood or
building materids for example. The factor could then be reaed to trends in
collecting wood for specific purposes.

Petterns produced by Factor Andyss can often be observed without using the
andyss however this datisticd procedure highlights those factors that have the most
ggnificant influence on the data In dudies gmilar to this Factor Andyses ae
caried out on the corrdation matrix, rather than upon the covariance matrix, to
minimise the effects of fragment frequency bias (Thackeray 1987). This convention
will dso be followed here. The test thus andyses patterns underlying the data that
occur regardless of taxafrequency.

Factor andyss will not eadly utilise variables with very smal vaues (F. Thackeray
per.comm.). In an atempt to avoid problems associated with small data entries, taxa
included in this analysis will be grouped. Smal data points can bias the results of an
anaysis because they tend to be over-emphasised. In this analyss groups are created
a the family levd but the andyss will only indude data from families for which
genus identifications, or farly secure suggesions of genera, ae made. Generdist
taxa will aso be excluded to dlow for more accurate interpretation of the anayss
output. It is possible that by grouping the identifications some of the patterns will be
obscured.  This will be evident if the factors produced cannot be related to a clear
environmentd, culturd, or taptonomic influence.
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5.4.3.3. Summary Statistics

To assg with interpreting the data, a second stage of factor andyss is often carried
out. Factor loadings are fed through a series of equations (Appendix E) to produce
what are referred to as “factor scores’ and then “summary datistics’ for each factor
and each layer andysed (Thackeray 1987). Summary datistic vaues are plotted on
an abitrary scale, from 0-100 for example, to obtan an index and graphica
representation for each factor. The vaues obtained usng summary datigics do not
reflect absolute changes in the underlying factor but are rather indices tha can be
used to show relaive change in the factor through time, whether temperature or
moisture for example. It is dso possible to pot the summary daidtics for one factor
(for example temperature), against a second factor (such as moisture). A plot such as
this would provide a cear indication of whether the environment from which the
assemblage contents were derived was warm and wet, cold and wet, warm and dry or
cold and dry (Fig. 5.11).

5.4.3.4. Correspondence Analysis

This test will be caried out in Microsoft Exce usng a “plug in” device, XLSTAT.
Correspondence andlysis can make use of presence/absence data to find patterns
within a data set. The researcher then determines underlying causes for these
patterns.  As in the factor anayss these patterns may be related to temperature,
precipitation, soil moisture, humidity, fuelwood collection and so on. It is therefore
aso a dexriptive datistical procedure and it can be used to produce a visud
representation of the data smilar to that described above (see summary datistics).
The plot can be used to andyse reationships between the occurrence of row to row
(tax@) points and column to column (layer/sample) points, in a data matrix, as well as
the relationships between row and column (taxa and layer/sample) data. This method
is used in fauna anadyses and has recently been used for charcod andyss (Heinz &
Thiébault 1998; Piqué & Barcel6 2002).
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5.5, Summary

Methods used for studying MSA charcod have been presented above. The discussion
on sampling adequacy illugtrates that it is not adways clear when unbiased charcod
samples have been obtained. Reference materids available for this sudy have been
discussed and the Universty of the Witwatersrand reference collection has been
presented with a detailled description of many of the anatomicad features used for
identification. The methods chosen for andysing charcod from the MSA a Sibudu
Cave are essentidly quditative. Severad descriptive datistical techniques have dso
been chosen to further develop the interpretation of the data. The methods outlined
above are appropriate for andysing charcoad because they are not hindered by
charcod fragmentation problems.
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CHAPTER 6. QUALITATIVE ANALYSS RESULTS AND
PRELIMINARY INTERPRETATIONS

6.1. Introduction

Daa were andysed usng two different agpproaches, quditative and quantitative
andyss.  Quditative andyss results are presented here, while the results of the
quantitative andyses are presented in Chapter 7. Charcod fragments have been
identified to family, genus and in some indances to species.  Charcod Type
identifications are documented in Appendix D and only the most commonly
occurring Charcod Types are discussed below. In the following section | present the
results from each sample and | provide details of the taxa requirements, including
environmentd niches and their didributions within South Africa  Didribution maps,
redrawn from Coates Pagrave (2002), are provided for species identifications (Fig.
6.1 - 6.8). A short description of the environmenta implications of taxa distributions
is given for each layer, by making reference to habitat descriptions recorded in
commonly used field guides Table 6.1. | dso present evidence for culturd uses of the
identified taxa placing particular emphasis upon taxa used or avoided as fudwood.
Prdiminary interpretations are given for each layer independently of the other layers.
Detaled interpretations and discussions of smilarities and differences between layers
arereserved for Chapter 8.
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6.2. Qualitative Analysis

6.2.1. Howiesons Poort (HP)

6.2.1.1. LayersGS, GR 2 and GR: The Assamblage

The HP layers can be didtinguished from the overlying layers by ther unique artefact
content and their dratigraphic relationship. Preiminary OSL dates for layers GS2,
GS and GR2 within the HP occupation are 60.7 £2.3, 624 +2.5 and &.4 +3.2 ka
respectively (Z. Jacobs pers. comm.). The HP layers andysed here are labelled on
Figure 3.3a At the time of andyss 1 nm? of HP deposit had been excavated.
Charcod has since been excavated from an additiond square metre in the trid trerch,
but it has not yet been andysed. Charred wood fragments from the HP layers appear
to be less numerous than in other layers. The decreased dengty of charcod in the HP,
when compared with the other layers, is consistent across these two squares, however,
further excavation will reved whether this holds for contemporaneous deposts.
Charcod from layers GS, GR 2 and GR contain characteristic HP lithic assemblages.
These layers were combined to produce a sample of 120 specimens. Charcod
samples from individud layers within the HP occupatiion did not contan sufficient
charcod to obtain 120 specimens when andysed individualy. The daa from the
three layers are presented as a whole (Table 6.2) and have been analysed as a single
sample. It will be possble to andyse data from individud layers when a more
subgtantia volume of the HP deposit has been excavated and more charcoa has been
recovered. This may yied important information concerning changes in the cimate
or wood utilisstion during the HP occupation. At present, andysng these layers
individualy would highlight patterns that are sample Sze dependent rather than
indicating true changesin the charcod assemblage.

Taxa present in the HP layers include Podocarpus spp., Buxus sp., Brachylaena sp.,

Kirkia sp., Drypetes sp. Mystroxylon cf. aethiopicum, Ptaeroxylon obliquum, Ziziphus
mucronata, Ochna sp., Curtisa dentata and SapiunVySpirostachys.  Specimens
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identified a the family levd (Table 6.2) include; Fabacese, Proteacese,
Flacourtiaceae, Ebenaceae, Rubiaceae, Sapotaceae, Oleaceae, Lamiacese and
Apocynacese. Genus identifications have not been suggested for these specimens for
severd reasons.  Firg, the anatomical features may not be clear enough to distinguish
between genera.  Secondly, there may be severd possble identifications within the
family, and thirdly, the specimens may show sSmilarities to taxa within a family but
the family may be poorly represented in the collection. In addition, eighteen
fragments have been identified as Rubiacese/Apocynacese.  The fragments have
amilar characterigtics to taxa in both families however, it has not been possble to
diginguish which family they are most smilar to. Both families are very large and
contain many taxa with dmilar anatomical features. Thirteen Charcod Types were
identified which in most cases were defined by one, two or three fragments. Charcod
Type 95 (Appendix D) is more frequent; however, it remans unidentified because
some fegtures were unclear in every specimen and, on the bass of those features that

are clear, there appears to be no reference materia of this taxon.

It is obvious from the data that Podocarpus spp. are present in larger quantities (based
on fragment counts and percentage frequencies) in this sample than they are in any
other samples andysed. In addition, Podocarpus and the Rubiaceae/Apocynaceae
identification are the most abundant identifications in this layer, both with 18
fragments recorded. Podocarpus is present in two other layers (discussed below) and
this specific Rubiacese/Apocynacese type has not been noted in any of the other
layers andysed. The Podocarpus fragments are well preserved and it gppears that
there are two species present, however, the differences are not distinct enough to
separate the taxa (M. Bamford pers. comm.). There are only four Podocar pus species
in South Africa today and one of these is confined to the Cape region. Based on the
species currently present in KwaZulu-Natd, it is possble to speculate which species
may be represented in the archaeologicd assemblage. P. falcatus and P. latifolius
have broad didributions in KwaZulu-Natal. P. henkelii grows in a smdl region in the
southern part of the province. This taxon may have been more widespread in the
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past.  Although there are only three Podocarpus species that are possble
identifications, the wood anatomy of modern reference samples display many
amilarities in their wood anatomy and therefore the archaeologica specimens cannot
be identified further.

Two genera - Sapium and Spirostachys - have been grouped together (Table 6.2)
because the reference collection specimens display comparable wood anatomy
(Appendices A and B) that cannot be satisfactorily digtinguished. In KwaZulu-Natal,
Sapium integerrimum is found at forest margins and in associated wooded grasdand
aress as a pioneer species (van Wyk & van Wyk 1997) as well as dong the coast.
This deciduous tree (Coates Pagrave 2002) is aso noted to occur further north, in
Limpopo, parts of Botswana and Mozambique (Pooley 1997). Sapium elipticum aso
grows in KwaZulu-Nad and has a dmilar didribution pattern to  Sapium
integerrimum (Coates Palgrave 2002). This taxon may display smilar anatomical
characteristics to both Sapium integerrimum and Spirostachys. It cannot be
diminated as a possble identification, as it is not held in the reference collection.
Spoirostachys africana is the only Spirostachys species in the region and it occurs a
low dtitudes. It is frequently found dong rivers and dreams in areas of bushveld
(Coates Pdgrave 2002). There are many references in the literature to this wood
being unsuitable for burning (for example, Coates Pagrave 2002; Grant & Thomeas
1998; Pooley 1997). This is because the fumes are toxic and may cause headaches or
even nausea if inhded (Coates Pagrave 2002; Grant & Thomas 1998; van Wyk &
Gerike 2000). It is unlikely, therefore, that this wood was knowingly collected for
fud dthough it may have been picked up accidentdly, when collecting kindiing for
exanple.  Surprigngly it is used in smdl quantities for medicind purposes
(Hutchings et al. 1996).

6.2.1.2. Contemporary Digtribution of Taxa and Environment Data

Generdised digribution maps (Fig. 6.1) show that most of the identified taxa in the
HP layers can grow in KwaZulu-Natd today. Ther digributions, for the most part,
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appear wideranging with taxa documented from the Eastern Cape to southern
Mozambique and into Limpopo. More detailed distribution data from Acocks (1988)
and the Nationa Botanica Inditute Database (SANBI 2004) show that athough
many of the identified taxa grow a points within these mapped aress, they are not
found within al the habitats encompassed.

Podocarpus spp. are digtributed along the eastern coast of southern Africa from the
Western Cape to the northern-mogt parts of KwaZulu-Natd (Fig. 6.1) and inland in
Mpumaanga and Limpopo. According to Acocks's (1988) Ved Type descriptions,
Podocarpus species can be found in his Ved Types 1, 3, 4, 5, and 7, of the Coastal
Tropical Forest, Veld Types 8 and 9, of the Inland Tropicd Forests, and Veld Types
44 and 45 that belong to the Temperate and Trandtional Forest and Scrub group.
Podocarpus spp. have not been recorded in the vegetation around the cave and the
Nationd Botanica Ingtitute has not documented them (SANBI 2004) in regions close
to the dte (areas with co-ordinates of 2931CA and 2931AC, shown in Fig. 6.9).
Some specimens do grow nearby in Krantzkloof Nature Reserve (Styles 2001). Their
presence in some areas and absence in others may be due to the influences of modern
occupaion upon the naturd vegetation stands, rather than being a true reflection of
the naturad vegetation communities. Each of the environments described above has
high ranfal of a least 900 mm per annum, dthough the mgority receve a least
1000 mm per annum (Acocks 1988). Killick (1990) has recorded Podocarpus spp. as
the dominant taxa in forests on south and south-eastern facing dopes in the northern
and southern Drakensberg. Podocarpus forests lie within river valeys in the montane
vegetation bdt, occurring beow the Clarens Sandgtone formation, at dtitudes of
1280-1830 m am.sl. (Killick 1990). These south facing dopes receive less sunlight
and tend to be cooler with grester moisture availability than north facing dopes in the
same aea  Coadtd forests in northern KwaZulu-Nata near St Lucia are aso
dominated by Podocarpus spp. (Grant & Thomas 2004). P. falcatus and P. latifolius

are present in these areas (Grant & Thomas 2004).
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Podocarpus species grow in a variety of forest types, in areas that might be perceived
to have dgnificantly different environments, however, there is a common fegture to
these habitats. Whether the forests are warm or cool they dl have high moisture
avalability. Caution must be taken in assuming that Podocarpus is dways found in
areas with high precipitation (February 2000). Water availability is dependent upon
effective evapotranspiration, which is governed by many factors such as temperature,
precipitation, humidity, soil moisure and the proximity of dreams or rivers rather
than depending upon precipitation done. For these reasons, Podocarpus spp. are able
to survive in drier regions in habitat niches where moigure avalability, but not
necessily precipitation, is high. It has been noted in Limpopo in kloofs (Grant &
Thomas 2000; L. Wadley pers. comm.). In these sheltered locations there is often a
good groundwater supply from springs and during the summer months the kloofs may
harbour streams.

Buxus spp., Ptaeroxylon obliquum and Brachylaena discolor are found in the Typica
Coast-Belt Forest of Acockss Ved Type 1 (Acocks 1988). Buxus is ds0
documented in Veld Type 23 (Valey Bushveld of the Karoo and Karroid Types)
(Acocks 1988), which is commonly found in the river vdleys of KwaZulu-Natal.
Ptaeroxylon obliquum and Brachylaena discolor co-occur in Acocks's Veld Types 2
and 8, which both contain tal forest. Ptaeroxylon obliquum is a farly verstile plant
and dthough it is &dle to survive drought it flourishes in higher rainfal conditions
Brachylaena discolor is dso predominantly found in regions with reaivey high
annud ranfdl. This plant tends to grow adong the coast in dune forest, coastal
woodland and a the margins of evergreen foret. It can, however, grow further
inland dong rivers such as the Tongat, and in the woodland associated with
bushveld-savanna (Grant & Thomas 1998).

Curtisia dentata does not grow adong the coastal dretches of KwaZulu-Natd. It is

recorded to the south in the Alexandria and Knysna forests (Acocks 1988). This

taxon aso grows inland in KwaZulu-Nata in higher dtitude cooler forests where it
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co-occurs with Podocarpus spp. Its wide digtribution, which encompasses a range of
ranfal patterns as well as varying temperature averages from the coast up to 1800 m

am.sl., suggestsit is a versatile taxon.

Each of the taxa discussed above grows in evergreen forest or woodland habitats.
With the exception of the Kirkia sp. the data for the HP layers show a lack of taxa
from savanna woodland, thornveld or thicket environments. There are two possible
Kirkia identifications, K. acuminata and K. wilmsii. K. acuminata is found in
northern Limpopo and Zimbabwe. K. wilmsii tends to grow in the warm, dry savanna
woodland of Limpopo and North West provinces, however, it aso occurs in
Mpumaanga and the northern parts of Swaziland (Fig. 6.1), which tend to be dightly
moister.  Acocks (1988) records K. wilmgi in his Vdd Type 10, which is
predominantly found in Limpopo and Mpumdanga  This vegedion zone hes its
southernrmost  representations in northern KwaZulu-Natal (Fig. 3.5), and in these
regions it has a close afinity with the Vdley Bushved {Veld Type 23) where Buxus
species and Ptaeroxylon obliquum are found. K. wilmsii has aso been observed at the
edges of kloofs, in association with Podocarpus species, in the Waterberg (L. Wadley
pers. comm.). K. acuminata is only found in the far north of South Africa Both
gpecies are dements of deciduous woodland savanna and both indicate a warm and

sgnificantly drier climatic condition than the Sibudu region receives today.

6.2.1.3. HP Summary and Environmentd Interpretation

The identifications from the HP layers indicate the presence of evergreen forest
vegetation.  The identifications dso suggest that rainfdl, or avalable moisture, may
have been farly high adthough not necessarily higher than it is a present. In addition
to this forested environment, the Kirkia identification provides evidence for a
woodland savanna vegetation zone from which wood was dso collected. This open
vegetation may not have been fa from the cave as Kirkia can grow just beyond
sheltered kloof vegetation. It may have been warm during this occupation, athough
it would have been ggnificantly cooler in the foret if the forex was tdl. The
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combination of taxa in this layer provides evidence for warm and moist conditions.
There are dmilarities to vegetaion communities found in northern KwaZulu- Natal
where temperatures and humidity are high throughout the year. The combination of
taxa observed in the HP layersis not recorded in South Africa today.

6.2.2. Post-Howiesons Poort (post-HP)

6.2.2.1. Layer Eb: The Assemblege

Layer Eb is not dated directly but it lies between layers P and SS which have OSL
dates of 59.6 +2.2 ka and 57.0 +2.3 ka respectively (Wadley & Jacobs 2004).
Charcod is farly aoundant, however, it is dso quite fragmented. When fracturing
specimens, it was noted that some fragments were very soft and ligble to disntegrate
rather than producing clear surfaces. Pieces that were fractured without difficulty had
clear anatomicd dructures. This layer has a diverse range of taxa and many
specimers were identified to genus (Table 6.3). These identifications include
Morella cf. pilulifera, Leucosidea sericea, Ptaeroxylon obliquum, Rapanea
melanophloeos, Brachylaena cf. discolor, Erica spp., Ximenia sp., Acacia spp.,

Briddlia sp., Deinbollia sp., Ochna sp., Diospyros sp. and Nuxia sp.

Eighteen specimens have been labdled unidentifisble with the remaning 102
identified to 21 families including; Rhamnacese, Proteacese, Fabacese, Celastracese,
Rubiaceaea, Lauraceae, Combretaceae, Sapotaceae and Anacardiaceae/Burseracese.
A large proportion of the sample was identified as Erica spp. In this layer there are
two didinct Erica species that were initidly labelled Charcod Types B and C.
Charcod Type B was subsequently identified as E. caffra, but the species of Charcoa
Type C remains unidentified. Twenty-one Charcoa Types were created that have not
been identified. Only one of these, (Charcod Type S), was represented by more than
two fragments.
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6.2.2.2. Contemporary Digtribution of Taxa and Environment Data

Didribution maps (Fig. 6.2) show that many of the taxa identified in Eb co-occur
dong the coas of KwaZulu-Nata today. Erica species are numerous and wide-
ranging in southern Africa E. caffra can be found near the coast in the southern
regions of KwaZulu-Natd. It has not been documented in the remnant forest patch
around the cave, which lies a the easterly boundary of its modern didribution (Fig.
6.2). To the west it can be found in Krantzkloof Nature Reserve (Styles 2001). E.
caffra occurs in areas with a good water supply from streams or rivers (Pooley 1997;
Moll 1992; van Wyk & van Wyk 1997; Coates Pagrave 2002 ). The mgority of
Erica species are found in the winter rainfal region of South Africa (Schumann et al.
1992) or a higher dtitudes in cooler mountainous areas such as in the Drakensberg
range in KwaZulu-Natal. Leucosidea sericea is an important identification for a
number of reasons. This taxon grows inland a higher dtitudes and often, athough
not exclusvely, in cooler locdities (Fig. 6.2). Unlike E. caffra it does not grow aong
the coast of South Africa Its absence a the coast may be an indication that it cannot
survive in regions that receive coastd mids. The available literature does not provide
a reason for the absence of Leucosidea sericea at the coast. It is dso found in
Limpopo and Gauteng, dthough it is most dominant in the Drakensberg regions in
and around Lesotho. It is able to tolerate frost conditions (Killick 1990; Pooley
1997). As a pioneer species its presence may indicate a change in the environment.
It is possble that L. sericea marks the development of forest in the area.  The co-
occurrence of E. caffra and L. sericea may provide an indication of an environment

that was cooler than it is near the cave today.

Acocks (1988) documents Ptaeroxylon obliquum, Rapanea melanophloeos and
Brachylaena discolor in Ved Types 1 and 2 of the Coastal Tropica Forests and Veld
Type 8 of the Inland Tropica forests. Rapanea melanophloeosis dso able to grow in
cooler conditions and withstand some frogt (Grant & Thomas 1998). Didtribution and
environment preferences have dready been discussed for Ptaeroxylon obliqguum and
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Brachylaena discolor (see HP layers above). Ther influence upon the interpretation
of the Eb resultsis returned to below.

There are two Deinbollia species in southern Africa, D. oblongifolia, which can be
found aong the coast of KwaZulu-Natal and D. xanthocarpa, which grows in the
north-east of South Africa and the central to southern sections of Mozambique. Both
gpecies grow in riverine fringe vegetation as wel as in more open woodland. At the
southernmogt extent of the D. oblongifolia digtribution it overlaps with Erica caffra
(Fig. 6.2), however, on the whole the Denbollia species prefer the warmer and
moigter habitats found aong the coast and in the east of South Africa The aspect of
the dopes on which these plants grew could account for these dight differences in
temperature that are indicated from ther modern didributions  Unfortunately
comprehensive data on dope aspect are not available for many of the identified taxa.

The Euphorbiacege family, to which Briddia belongs, is large and on the bass of the
wood anatomy it has been divided into a number of reasonably distinct groups.
Briddia displays the most smilar wood anatomy to the archaeologica specimens
athough there are other taxa such as Croton sylvaticus and Margaritaria discoidea
that have smilar wood anatomy and cannot be excluded as pssble identifications. If
the identification of Bridelia is correct there are severa possible species that could be
represented.  With the exception of B. tenuifolia (which is confined to northern
Namibia) the other Briddia species grow in the summer rainfdl region, in the eastern
haf of Southern Africa The remaning taxa occur in a broad range of habitats, from
coada evergreen forest to dry, deciduous woodland. Habitat variation is both inter
and intra specific suggesting the species are highly versatile. One common fegture is

ther relaively close proximity to rivers.
Morella pilulifera (previoudy Myrica pilulifera) tends to grow in mountainous places

on wdl-drained soils near streams (Pooley 1997). Its preferred habitat is smilar to
that of Erica caffra and they can be found together in the southern part of the Morella
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digribution.  Acocks (1988) does not document the specific digtribution of Morella
pilulifera however he does record the genera as being present in his Veld Type45, the
Natd Mig Bdt. This veld type is congdered trandtiond to the Highland Sourveld,
Acocks's (1988) Vdd Type 44a, which contains other taxa that have adso been
identified in this layer, induding Ptaeroxylon obliquum, Erica caffra and Rapanea

melanophloeos.

There are two Ximenia species; X. americana and X. caffra. Either of these could be
present in the Sibudu charcod assemblage. The wood anatomy of X. caffra is
documented in the Universty of the Witwatersrand collection and X. americana has
been documented esawhere (Eichhorn 2002; Neumann et al. 2000). Their
anatomica structures appear to be very amilar and therefore a digtinction between the
species has not been made here.  They are both found in deciduous bushveld and
often in dry woodland (Coates Palgrave 2002). X. americana grows in Limpopo,
Mpumadanga, eastern Swaziland and northern KwaZulu-Natal and X. caffra has a
gmilar didgribution dthough it dso extends southwards dong the eest-coast and in
inland KwaZulu-Natal. Neither taxon is found in the Drakensberg range.

6.2.2.3. Eb Summary and Environmentd Interpretation

Identifications from this layer could indicate severa different environments. The taxa
have been divided into three groups accordingly. The first encompasses the Mordla,
Erica and Leucosidea identifications. These taxa tend to be found in areas with high
ranfal or where water is present in streams. They dso grow across a range of
dtitudes, from about 450 m am.sl. upwards and can withstand rdatively cool
conditions. The second group of taxa includes Ptaeroxylon, Rapanea, Briddia and
Deinbollia. These are more often found in the high rainfdl coastad dretches where
temperatures are warmer and the climate is more humid than a the higher dtitudes of
the previous grouping. Each of these species is often found adong rivers in evergreen
forests, however, they dso occur further inland and are not drictly confined to
regions with high humidity and warm dimates. Some of these taxa are found in the
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foothills of the Drakensberg. The third group may provide evidence for a drier
environment.  Acacia species, Ximenia species, and taxa from the Combretacese
family are dl components of bushveld habitats The presence of wide ranging taxa
such as Acacia spp. and taxa from the Combretacege family can be difficult to
interpret, however in combination with the identification of Ximenia ., which grow
in relatively restricted regions of South Africa (Fig. 6.2), there is further support for
the presence of a drier, and perhaps warmer environment with open woodland
vegetation.  The environment from which these taxa were collected would not

necessarily have been far from the river valey and the cave.

6.2.24. Layer SPCA: The Assemblage

This layer is currently undated, but it lies between layers Or and BSp which have
OSL dates of 61.5 £+2.2 ka and 56.7 +2.3 ka respectively. Many of the lithic artefacts
and bone removed from SPCA are burnt. This extensve burning is so evident from
the large quantities of charcod. Preservation within SPCA is varidble with a wide
range of fragment Szes present. Large pieces (>2 cm) are well represented, however
it cannot be assumed that these large pieces are better preserved than the smaller
ones. During andyss it was frequently noted that internal dtructures and even
externa form of some of the smdler fragments were better preserved than the

sructures of the larger ones.

Reaults for SPCA are given in Table 6.4. Thirty-one fragments from the sample have
been classfied as unidentifidble.  This large proportion provides an indication of the
vaigbility of charcod presarvation within  this layer. Eighteen families ae
represented in the sample and within these fifteen genera and eight Species
identifications have been made. Some of these are secure identifications, but others
are suggestions indicated by the use of “cf.”. In addition, 12 Charcod Types were
defined. The SPCA sample is dominated by Erica spp. and most of these are
classfied as E. caffra.  Other identifications from this layer indude Mordla cf.

pilulifera, Celtis africana, Leucosidea sericea, Ziziphus mucronata, Rapanea
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melanophloeos, Sderoxylon inerme, Podocarpus spp., Ficus sp., Cryptocarya sp.,
Calodendrum capense, Syzygium sp., Nuxia sp., Vitex sp. and SapiumySpirostachys.
Family identifications include Rubiacese, Sapotaceae, Annonaceae, Rhamnacece,

Euphorbiaceae and Anacardiaceag/Burseracese.

Annonacege identifications have only been noted in layers SPCA and OMOD. Taxa
from Annonaceae are not numerous in southern Africa and it may therefore be
possible to identify this specimen in the future if the reference collection is expanded
to include genera from this family. Currently there are only two Annonacege taxa in
the reference collection, Hexalobus monopetalus and Uvaria caffra, and these have
amilar wood anatomy. Other possble genera include Cleistochlamys, Spaerocoryne,
Monanthotaxis, Xylopia, Artrabotyrs, Annona and Mondora.

6.2.2.5. Contemporary Distribution of Taxa and Environment Data

The dimatic implications of the presence of Erica caffra and Leucosidea sericea have
been discussed in the context of the Eb identifications (see dbove). To summarise,
they may provide an indication of a cooler environment than is found around the cave
today and they both sgnify the presence of running water in the form of a sream or
river dthough this may not have flowed perennidly.

Taxa represented in SPCA are quite diverse and come from a range of habitats.
Identifications of Podocarpus, Cryptocarya, Mordla pilulifera and Rapanea
melanophloeos suggest the presence of evergreen forest. Ziziphus mucronata may
uggest the presence of a foret margin  community within an open wooded
environment and Celtis africana indicates there were some deciduous components
present in the forest vegetation.

Ziziphus mucronata is found in 15 of Acocks's (1988) Ved Types, which are divided

between dl his mgor groupings. This is clearly an indication of the widespread
digribution of Z. mucronata, which is dso evident from the didribution map (Fig.
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6.3). Although Z. mucronata is widespread, it provides evidence for a deciduous or
sami-deciduous (Grant & Thomas 2000) component in the environment.

Nuxia and Vitex contan some species that are found in dry bushveld regions of
southern Africa Nuxia is adso represented by taxa such as N. congesta and N.
floribunda in the wetter eastern parts of South Africas These trees both grow in
evergreen forests. A third taxon, N. oppositifolia, grows dong dreams in riverine
thicket (Coates Pagrave 2002). Vitex is represented by many species, most of which
are found north of KwaZulu-Nata and often north of the Limpopo River. Vitex taxa
found in KwaZulu-Natd like a variety of habitats including; thickets, rocky outcrops,
seasond rivers, bushveld, sandy soils and sand forest margins (Pooley 1997). It is
cler that the Vitex identification provides environmenta data that ae extremdy
broad. To confine the habitat descriptions, species identifications are needed.

In addition to the Erica and Leucosidea identifications some of the forest taxa, such
as Rapanea melanophloeos, and Cryptocarya ., and bushveld taxa, including
Sderoxylon inerme ad Calodendrum capense, are aso often found in associaion
with water.

6.2.2.6. SPCA Summary and Environmenta Interpretation

This sample does not contan many taxa from open, dry and warm environments.
Mosgt noteworthy is the absence of any taxa from the Fabacese family, which are
represented in al other layers sampled. This layer is dominated by taxa from forest
and riverine environments. It has a drong evergreen component with only a few

deciduous taxa

In this layer Acocks's (1988) Tropicd Coastd Forest Vedd Types ae wdl-
represented (Veld Types 1, 3, 4, 5 and 7 n paticular). Many of the taxa found in
these vegetation zones are not confined to these regions and can dso be found in the

Inland Forest Veld Type 8, as wel as the Temperate and Trangtiona Forest and
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Scrub, Veld Types 44 and 45. Additiondly many of the taxa, including L. sericea,
Erica spp., Podocarpus spp., and C. capense grow in the foathills of the Drakensburg
in South Africa (Killick 1990). They do not grow within one community but are
found in rddivey close proximity, in the foret vegetaion and dong rivers (Killick
1990). Most of the identifications fit into one or more of these Drakensberg
vegetation groupings. Calodendrum capense is a semi-deciduous tree that can occur
up to 2000 m am.sl. and Cdltis africana is a deciduous species that grows in open
forest habitats (Pooley 1997). Both identifications support the evidence for a forest
that may have been smilar to that in existence in the Drakensberg foothills.

The interpretation of the ranfdl for these taxa is Smila to tha of the Eb
identifications. Mogt are found in areas with high rainfdl whether dong the coastd
drip or further inland. Identifications of taxa that are found in drier regions, such as
C. africana and Z. mucronata are wide ranging and dthough they can withstand
drought they dso survive and flourish in wetter regions. Identifications from SPCA
and Eb indicate that the environments were probably very smilar.

6.2.2.7. Layer BSp: The Assemblage

Layer BSp has been OSL dated to 56.7 £2.3 ka (Wadley & Jacobs 2004). In this
layer charcod is abundant and fragments range congderably in sze. The degree of
presarvation is aso highly variable. Of 120 fragments andysed dmogt a third are
classfied as unidentifidble because of poor charcod preservation.  The remaning
two-thirds have been identified to 21 families (Table 6.5). Seven gpecies
identifications have been suggested and ther environmental implications are
discussed below. It has been possble to define four Charcod Types that may be
identified when the reference collection is expanded. Identifications include Morella
cf. pilulifera, Cunonia capensis, Calodendrum capense, Ptaeroxylon obliquum,
Rapanea melanophloeos, Erica caffra, Celtis sp., Ficus sp., Acacia spp., Buxus sp.,
Ziziphus mucronata, Syzygium sp., Manilkara sp. and Vepris sp. There are dso nine
family identifications induding Fabacese, (and taxa from  sub-families
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Papilionoideae and Caesalpinoideae), Oleaceae, Lamiaceae, Rubiaceae, Burseracese,

Tilliaceae, Mdvacese, Sterculiaceae and Euphorbiaceze.

6.2.2.8. Contemporary Digtribution of Taxa and Environment Data

Many of the taxa identified in this layer have been found in Eb and SPCA and
therefore ther digributions and environmenta data have been presented in the
decriptions of the previous layers. There ae adso differences between the
assemblages such as the presence of identifications from the Tilliacese and
Malvaceee families. Leucosidea sericea and Nuxia 0. were present in Eb and SPCA
but not in the BSp charcod assemblage. This layer dso contains Cunonia capens's,
Buxus sp., Vepris sp. and Manilkara sp. none of which have been noted in the Eb or
SPCA charcoal. These taxa are discussed below.

Cunonia capensis tends to grow adong the coastal stretches of South  Africa from the
Cape Peninsula to northern KwaZulu-Natal. This taxon is not confined to the coadt,
however, and the digtribution map (Fig. 6.4) shows that it grows inland in KwaZulu-
Natal, the Karoo, and parts of the Western Cape. Acocks (1988) only documents
Cunonia capensisin his Vdd Types 5 and 45 (the ‘Ngongoni Veld and the Natad Mist
Bdt ‘Ngongoni Ved, regpectively). ‘Ngongoni Vdd is typified by the dominance of
‘Ngongoni grass (Aristida junciformis) (Acocks 1988). The dominance of this grass
is used to diginguish Ved Types 5 and 45 from Zululand and Eagtern Province
Thornveld (Acocks 1988). Its dominance in these vegetation types may be a recent
phenomenon, however, Acocks (1988) records that it not clear why it has become so
dominant. Although Cunonia capensis is currently found in these vegetation Types it
cannot be ascertained as to whether the Veld Types provide a very good andogy for
past vegetation. In addition, Cunonia capensis is consderably more extensve than is
noted in Acocks's survey but it is perhgps not dominant or frequent enough in other
regions to have been documented. This evergreen plant grows in warm, but damp
forests near streams (Pooley 1997), and in forests smilar to those around Knysna

(Coates Palgrave 2002). Taxa such as Morella pilulifera, Buxus sp., Rapanea
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melanophloeos, Ptaeroxylon obliquum, Celtis sp., and Ficus sp. provide supporting
evidence for forest and riverine vegetation (Table 6.1).

Buxus macowanii is the only taxon from the Buxacese family in the Witwatersrand
reference materiad, however the wood anatomy of B. natalensis is probably smilar
and the habitat descriptions are given for both. Buxus macowanii grows in warm
valleys dong the coast to the south of Durban (Fig. 6.4) (Coates Palgrave 2002). It is
adso found sporadicdly in Limpopo Province (Coates Pdgrave 2002; Pooley 1997).
B. natalensis dso grows dong the coast of KwaZulu-Natd in warm forested valeys
(Fig. 64). It was noted in the description of the HP assemblage that this taxonis
often an understorey component of forest vegetation.

Manilkara belongs to the large Sapotaceae family. Many of the Sapotacese taxa have
amilar wood anatomicd traits and are difficult to distinguish beyond family. For this
reason this genus is suggested only. There are four Manilkara species in southern
Africa and dl of them occur in the esstern part of the summer rainfdl region. M.
discolor and M. concolor are components of sand forest and M. mochisa is a
component of hot and dry bushveld and woodland vegetation. This taxon is not
present in southern KwaZulu-Nata. The fourth taxon, M. nicholsonii is found in a
relatively confined area to the south of Durban where it grows in ravine forests and
along streams (Coates Palgrave 2002).

Ficus species present in the charcod from BSp add limited environmenta data to the
interpretation of the assemblage. Ficus is an extremdy large and variable genus (van
Wyk & van Wyk 1997), and the specimens may represent the presence of deciduous
or evergreen shrubs, trees or climbers (Coates Pagrave 2002). Without species
identifications, it is difficult to interpret their presence.  Syzygium spp. occur over a
diverse range of habitats (Coates Palgrave 2002; Pooley 1997; van Wyk & van Wyk
1997) and this genus therefore presents smilar interpretation problems as Ficus. For

this reason these taxa have not been used for specific environmenta interpretations.
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Syzygium species in KwaZulu-Natal grow in forest, occasondly swamp forest and in
wooded grassland habitats (Grant & Thomas 1998). It may be possble with more
reference materid to refine the identification thus providing specific environmentd
niche data

In addition to the Calodendrum capense another Rutacese identification, Vepris, has
been made. This identification is tentative because the wood anatomy of Teclea, adso
within this family, is dmila.  Vepris and Teclea both grow in the remnant forest
around Sibudu Cave today.

Although the mgority of taxa from BSp prefer forested and riverine habiats there are
adso some taxa in the assemblage that indicate the presence of a more open and
perhaps drier environment. These taxa include Acacia species and some Ziziphus
species.  In this layer Ziziphus has not been identified to species because the
specimens, dthough dmila to Z. mucronata, do not display sufficient dear
anatomical characteristics to make a secure identification.

Acacia is a large genus with species occurring throughout southern Africas On the
whole, Acacia species grow in open, dy and warm environments often at the margins

of wooded areas and, with few exceptions, are found in the summer rainfal region.

6.2.2.9. BSp Summary and Environmenta Interpretation
These charcod identifications ae representative of an  environment with both
evergreen and deciduous components. They aso indicate the presence of river
influenced forest vegetation. Mogt of the taxa identified can be found ether in the
immediate cave region or nearby in KwaZulu-Natal today.

There is a mixture of understorey vegetation with some larger forest taxa The seeds

support for this interpretation because various forest components, (Wadley, 2004)
such as Asparagus spp. (many of which are understorey indicators) and Celtis
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mildbraedii (an evergreen dimax forest indicator) are present. Erica caffra could
provide evidence for a dightly cooler environment than today as well as adding
support to the indication of riverine vegetaion, different from the riverine vegetation
present today. Acacia spp. and possbly Calodendrum capense suggest an open,
possbly warmer and drier environment than is found near the cave today. Although
these identifications appear to provide contradictory environmental data they may be
interpreted as indicating that a combination of veggtation niches were available for
wood sdection. It is dso possble that different areas within a niche, such as dopes
of a vdley, were being exploited. Sope aspect is one factor that governs the amount
of aunlight and thus the amount of heat and avalable moisure a plant receves.
Unfortunately dope aspect israrely recorded in the literature.

6.2.2.10. Layer RSp: The Assemblage

Layer RSp has an OSL date of 534 £3.2 ka (Wadley & Jacobs 2004). Ninety
charcod fragments were identified and only three Charcoa Types were created.
Twenty families are represented in this sample and 11 genera were identified (Table
6.6). Identifications include Rapanea melanophloeos Erica sp., Erica caffra, Kirkia
sp., Ficus sp., Podocarpus sp., Ximenia sp., Diospyros sp., Albizia spp. and Acacia
$p. In addition each of the Fabacese sub-families, Mimosoidese, Caesalpinioidese,
and Papilionoidese are represented as wel as taxa from a broad range of other
families including Rutacaeae, Lamiacese, Rubiacese, Proteaceae, Sapotaceae,
Euphorbiaceae, Combretaceae, Oleacese, Burseraceae, Anacardiacese, Celastracese,
Rhamnacese, Loganiaceae. One specimen has been labelled Rubiaceae/Apocynacese
because it shows dmilarities to taxa in both families. This identification is different
from the Rubiacese/Apocynacese specimens that were common in the HP layers.
Anacardiacese/Burseracese identifications have dso been made. These families have
amilar anatomica festures and when anatomical dructures are badly preserved they
aredifficult to differentiate.
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In this layer, a large proportion of the charcod andysed was unidentifiable. One or
more of the sections obtained were often too unclear to see sufficient anatomical
features. Charcod preservation in this layer is amilar to the preservation of the BSp
asemblage.  In addition, many of the RSp fragments demondrated fractures aong
rays and the sandy component of the deposit had worked its way into these gaps
causng damage to the anatomica features. In particular it was difficult to obtan
clear Radid Longitudina Sections.

6.2.2.11. Contemporary Digtribution of Taxa and Environment Data

With the exception of Albiza and Combretum, dl other genera present in this layer
have been identified and discussed in previous layer descriptions.  Taxa aready
mentioned are not discussed in detall here but are returned to in the prdiminary
summary given below for RSp.

Albiza species are predominantly components of open woodland and thornveld
vegetation. In the lomeld Albizia tanganyicensis (Grant & Thomas 2000) grows on
warm north facing dopes. There are 15 species present in southern Africa dthough
some of these are unlikely identifications because they are confined to northern parts
of southern Africa (Fig. 65). All Albiza taxa ae found in the summer ranfdl
region. Albizia adianthifolia is the only species that grows to the south of KwaZulu-
Natd aong the Transkel coast. It is found in open foret and a foret margins
(Pooley 1997).

The suggested identification of Combretum spp. provides limited environmenta and
digribution information because this genus is large with more than 30 species in
southern Africa; however, adl Combretum species grow in the summer ranfal region
(Coates Pdgrave 2002) and they can withstand drought, dthough they are not
numerous in the extreme dry regions of the west. They are dso not often found in
areas which recaive regular frosts. Some Combretum species that are redtricted to the
dry western parts of southern Africa can be excluded as possble identifications.
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Eighteen Combretum species are found in eastern South Africa, in  Limpopo,
Mpumdanga and KwaZulu-Nad. Ther habitat descriptions vary widdy, from
coadtal evergreen forests to rocky hillsdes in bushveld and woodland (Coates
Pdgrave 2002).

6.2.2.12. RSp Summary and Environmenta Interpretation

Although there are limited environmentd data avalable for the taxa discussed above
it can be noted that both Albizia and Combretum species are found together with
many of the other taxa identified in this layer. They are often found to co-occur with
Kirkia, Acacia, Ximenia and Ziziphus in warm environments in northern parts of
South Africa.

The preferred habitats of Ximenia and Kirkia (Table 6.1) provide a contrast to the
environmenta niches indicated by the presence of Erica, Rapanea and Podocarpus.
This is emphassed by the fact that Rapanea, Erica and Podocarpus are evergreen,
whereas Kirkia, Ximenia ad Ziziphus are deciduous taxa (Table 6.1). As dscussed
in the HP description, Kirkia and Podocarpus do not necessarily indicate completely
different environments.

While there is evidence for a warm bushveld type environment that is not currently in
exigence around the cave, the evidence for a forest environment remains strong, with
identifications such as Podocarpus and Rapanea melanophloeos. Many of these
fores taxa and riverine dements can be found in combination in KwaZulu-Natal.
Acocks (1988) dexribes a series of forest environments within his Veld Type 1,
“Coastd Forest and Thornveld”, some of which contain dements found in the RSp
asemblage.  The “Typica Coast-Bet forest” (Acocks 1988) with its associated
ghrubs and climbers, and the forest of the “Zululand pam veld” (Acocks 1988) dso
contain many taxa found in the archaeobotanica assemblage.
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Identifications from RSp are paticularly interesting because there appears to be an
increase in warm and possbly drier environments indicators, such as Ximenia and
Kirkia and a decrease in frequency of cooler climate indicators, such as the Erica spp.
Leucosidea sericea is no longer present in the assemblage. The implications of this
observation are consdered in greater detall in the following chapter.

It is possible that the wide range d taxa identified in layer RSp provide evidence for a
complex mosaic of environments that were being utilised for wood collection.

6.2.2.13. Layer OMOD: The Assemblage

OMOD has an OSL date of 51.8 £2.1kya (Wadley & Jacobs 2004). Many of the
fragments from this layer have been identified as beonging to the Fabacese family
and sub families including identifications of Acacia spp., Albizia spp., cf. Burkea
africana, cf. Afzdia sp. and cf. Erythrina sp. (Table 6.7). Other genus identifications
include Erica sp., Cdltis sp., Mystroxylon sp. and Buxus sp. There is also a possible
identification of Heteromorpha arborescens (= H. trifoliata Pooley 1997), which
belongs to the Apiacese family. This family contains three other genera, of which
none are represerted in the collection. The identification is therefore suggested rather
than secure because it may belong to one of these other genera In this layer 20
Charcod Types were defined and have not yet been identified. Many of these
Charcod Types were detamined from sngle fragments only and therefore some
anaomicd characterigics were not visble for recording, meking identification a this
stage problematic.

A smdl percentage of the totd sampled was classed as unidentifidble.  This is partly
due to the rdativedy good presarvation. Most fragments had sufficient clear
anatomica features to enable identification or for the specimens to be described as
Charcod Types. The high proportion of identifiable fragments can dso be attributed
to the fact that many pieces beonged to the Fabacese family, which has distinct
features, including vestured pits, diform to confluent parenchyma and often oried
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parenchyma, which dlowed for quick classfication. Fragments that did not fdl into
this group were dgnificantly harder to identify especidly beyond family. This is
evident from the smdl number of genus identifications, and the large number of
Charcod Types.

As in previous layer, RSp, a wide range of families are represented. Identifications
indude Rubiaceae, Apocynacese, Loganiaceae, Oleacese, Rhamnacese, Mdiaceae,
Annonacese, Proteaceae, Lamiaceae, Rhizophoraceae, Anacardiacese, Euphorbiacese
and Fabacese. Within Fabacese, sub-families Caesdpinioidese and Papilionoidese
are represented by specimens that cannot be identified to genus a present. There are
aso identifications of Malvaceae/Tilliaceae and Rubiaceag/ A pocynacese.

Rhizophoracese and Mediacese identifications are only present in this layer. The
identification of Rhizophoracese is interesting because this is the Mangrove family.
There are only four genera in southern Africa and of these three are drictly found
aong the coast and often in estuarine conditions (Coastes-Palgrave 2002). The fourth
genus, Cassipourea is the mog likey identification. Cassipourea species are not
confined to the coast and dthough they are within the Rhizophoracese family they are
not mangrove taxa (Coates Pagrave 2002). Two Cassipourea species are present in
the reference collection, however, there are five other possble species, athough two
of these only grow in isolated regions in Zimbabwe and Mozambique. It is very
unlikely that mangrove taxa would have been present in the Sbudu region because
the coast would not have been close enough to the cave to support such a habitat.

There are severd possible Mdiaceae identifications, including Turraea, Trichilia and
Ekebergia tha ae hdd in the reference collection.  Unfortunately the reference
specimens and images of these are not very clear and the wood anatomy of these
needs to be better documented to enable further identification.
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6.2.2.14. Contemporary Ditribution of Taxa and Environment Data

Burkea africana and Afzelia quanzensis provide quite specific environmental data
because their digributions within South Africa are reasonably confined.  Burkea
africana grows in woodland (Coates Pagrave 2002) and mixed bushveld on plains in
Limpopo and North West Provinces (Grant & Thomas 2000). It occurs across a
range of dtitudes, but a higher devaions it preferentidly grows on north and west
facing dopes (Grant & Thomas 2000) which receive sun for longer periods than south
and west facing dopes. Afzelia quanzensis grows in northern KwaZulu-Natal,
Mpumalanga and Limpopo Province. This large deciduous tree occurs in woodland
and dry sand forest a low dtitudes (Coates Palgrave 2002; Pooley 1997). In
Swaziland and Northern KwaZulu-Natal it grows in the Lebombo mountains (Pooley
1997).

Erythrina species belong to Papilionoideae, asubfamily of Fabacese. They are found
in summer rainfal regions of southern Africa  On the whole they prefer open
wooded grasdand and bushveld habitats.  Erythrina humeana can grow in
mountainous areas and on rock outcrops, Erythrina caffra, is found in forest and
riverine fringe forest adong the east coast of South Africa; while Erythrina lysistemon
adso grows dong the coadt, in scrub forest, but is found in drier regions (Pooley
1997). The Witwatersrand reference collection contains Erythirina caffra and
Erythrina lysistemon, which display Smilar anatomicd traits to esch other and to the
archaeologica specimen.

Mystroxylon bdongs to a lage family with many genera  The taxonomic
relationships between genera in the Cedadtracese family are not wel established and
in recent literature (Coates Pdgrave 2002) many taxa have been reclassfied.
Although the specimens from OMOD display characteristics found in Mystroxylon
$p., other genera cannot be excluded as possible identifications. Currently there are
two species belonging to Mystroxylon, M. aethiopicum and M. burkeanum. Both taxa
are found in South Africa M. aethiopicum is widespread in the eastern hdf of the
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country (Fig. 6.6) and grows in a range of habitats, including evergreen forest, dune
forest, riverine fringe forest, and open woodland (Pooley 1997; Coates Pdgrave
2002). M. burkeanum is less widespread, growing only on the highveld. There are
many smilarities between these taxa and in some ingtances living specimens cannot
be digtinguished from one another (Coates Pagrave 2002). In such cases the later
species may even be considered a subspecies of M. aethiopicum. The complex nature
of this family has dear implications for identifying and dassfying charred specimens
on the basis of their wood anatomy aone.

Identifications of Buxus sp., Celtis sp. and Heteromorpha arborensens provide
evidence for forest. The growth form of Heteromorpha arborescens is highly
variably depending upon growth location and conditions. It can grow as a very large
forest tree dthough it dso grows as a shrub on the Highved (L. Wadley pers.
comm.). Buxus species are smdler, often forming pat of the understorey vegetation
in forest (Pooley 1997). The Cedtis gpecies cannot be digtinguished at present,
however, dl Celtis species can be found in forest (van Wyk & van Wyk 1997).
Heteromorpha arborescens occurs from the coast up to 2000 m and throughout
eastern South Africa (Pooley 1997). This deciduous tree often grows a the margins
of evergreen forest, but can dso occur in a range of habitats from closed ravines to
open and rocky hillsides (Coates Pagrave 2002).

6.2.2.15. OMOD Summary and Environmental Interpretation

Taxa found in OMOD indicate that the cave occupants may have exploited two types
of vegeation habitat. Identifications of Acacia spp., Albizia spp., cf. Burkea
africana, cf. Afzelia sp., Erythrina spp. and Mystroxylon p. suggest that a relaively
open vegetation type existed near the cave. In addition, the presence of Buxus p.,
Cdltis sp., H. arborescens, and some Erythrina spp. indicate that wood was brought to
the cave from a forest environment. The identification of Celtis 5., is conggtent with
well developed forest. This would certainly be evident if the specimen was Celtis
milbraedii, which is found in dimax foret in KwaZulu-Natal (Pooley 1997). This
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taxon has been identified in the seed assamblage from this layer and it provides
support for the suggestion of a well-developed forest near the cave. This layer

contains a combination of evergreen and deciduous taxa.

The riverine component of the OMOD assemblage is less prominent than in previous
layers (Fig. 6.10). Erica spp. are less well represented and they are the only taxa
present in this layer that are dependent upon the presence of water dthough some of
the forest taxa, such as Erythrinaand Mystroxylon are frequently noted at the fringes
of the forest, near rivers. Previoudy it has been suggested that Erica species provide
an indication of cooler environments. In this layer there are many taxa which imply
that the environment was warm. It is therefore unlikely that the Erica identifications
alone could be used as an indication of cooler environments because this association
is not supported by any other taxa identified in the sample. The Erica spp.
identifications confirm the presence of theriver.

6.2.2.16. Layer MOD: The Assemblage

Layer MOD has recently been dated to about 50 000 years ago (Z. Jacobs pers.
comm). All the charcod fragments andysed from MOD were identifiable.
Preservation of charcoad was noticeably better than in other layers. There were more
fragments from the larger sSze classes, >15 mm, and fewer specimens showed Sgns
of micro-scde damage, such as fractures dong rays. One hundred and eight
fragments of the tota were identified to family, genus or species and sx Charcod
Types were defined. Twenty different families are represented, and within these, 13
genera have been identified (Table 6.8). The Charcoa Types mntained one fragment
each, meking further identifications difficult. Some of the identified taxa are only
represented by one or two specimens but many of these had been identified in other
layers andysed, which enabled identification here.  These identifications include
Nuxia sp., Diospyros sp., Rapanea melanophloeos, Erica spp., Curtisia dentata,
Bridelia sp., Mystroxylon cf. aethiopicum and Cunonia capensis. Pappea capensis
and Macaranga d. capenss ae new identifications and are only present in MOD.
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Other better represented genera include; Acacia spp., Albizia spp., Drypetes sp., and
the suggested identification of SapiunVySpirostachys.  Family identifications are
diverse and many of the families present in this layer have been recorded in RSp and
OMOD. Identifications  include, Facourtiaceae, Rhamnacese, Proteacese,
Sterculiaceae, Euphorbiaceae, Tilliaceae, Lamiacese, Oleaceae, Anacardiaceee,
Rutacaea, Sapotaceae, al Fabaceae sub-families, one Anacardiacese type and another
Anacardiaceae/Burseraceee identification for which the wood anatomy is not digtinct
enough to digtinguish to family level.

6.2.2.17. Contemporary Distribution of Taxa and Environment Data

Macaranga and Bridelia, from the Euphorbiacese family, contan two and four
species in southern Africa respectively.  Of the two Macaranga species one is
confined to high dtitude regions of Eastern Zimbabwe (Coates Pagrave 2002) while
the other more probable identification, M. capensis, grows in forest a low dtitudes
(Pooley 1997). In KwaZulu-Natd it is a deciduous tree (Pooley 1997) often
occurring on stream banks (Coates Palgrave 2002). The Brideia identification is
more difficult to refine. There are two species in modern KwaZulu-Natal and one
further north in the Limpopo and Zimbabwe (Coates Palgrave 2002). The two Natal
taxa, B. catharticaand B. micrantha grow in riverine fringe forests (Pooley 1997). B.
micrantha grows next to the Tongati River today.

Identifications of Diospyros and Nuxia are labdled cf. indicating they are suggested
rather than secure identifications. Diospyros species occur across a range of habitats
and many can be found in KwaZulu-Nata today (van Wyk & van Wyk 1997). Nuxia,
with only two species present in southern Africa, provides more information Both N.
congesta and N. floribunda grow in evergreen foret. An identification of N.
floribunda would indicate a mild environment with plenty of water (Coates Pdgrave
2002) while N. congesta may suggest a drier, rocky, bushveld habitat (Coates
Palgrave 2002). The unique characteristics in the wood anatomy of each of these, and
within the Buddigacese family, needs to be better documented before this
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identification can be resolved. Pappea capensis is widdy distributed across southern
Africa (Fig. 6.7). It occurs in wooded grasdand, bushveld and riverine fringes
(Coates Pagrave 2002; Pooley 1997) and therefore its presence does not assist in
refining the environmenta interpretation.

6.2.2.18. MOD Summary and Environmenta Interpretation

Evergreen and deciduous components are present in the charcod identifications from
MOD. The mgority of the trees are hdf-hardy, meaning they can withgand some
fros. The data indicate that there may have been some forest near the cave. The
extent or complexty of the foret cannot be determined from these identifications
athough the data provide little evidence for the forest being different from the forest
community surviving in the area today. It aso seems likdy that what is now the
Tongai River was flowing during this period, supported by the identifications of trees
preferring riverine habitats, such as Erica, Briddia and Macaranga. Although the
mgority of the data indicate a riverine forest vegetation type there are components
that ae often found in drier, savana bushveld conditions. Pappea capensis
represents a species that can occur in both riverine and drier bushveld environments.

Albizia and Acacia suggest the presence of a drier environment athough species from
these genera are found in the immediate vicinity of the cave today and can occur in a

wide range of environmentsin southern Africa

6.2.2.19. Layer Bu: The Assemblage

Bu is one of the find MSA layers a Sibudu cave with an OSL date of 35.2 ?1.8 ka
(Wadley and Jacobs 2004). This deposit has been excavated from quadrants towards
the back of the cave and is not present in the witness trench. Charcod was analysed
from squares D2 and E2.

Nine families ae present in the charcod assemblage and eight of these were

identified further. Brachylaena sp., Acacia spp., Erica spp., and Kirkia spp. are
present. Species  identifications  include  Clerodendrum glabrum, Xylothecca
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kraussiana, Mystroxylon cf. aethiopicum and cf. Phoenix reclinata. Many of the
gpecimens from Bu were grouped as Charcoa Types and 23 of these are represented
by one fragment only (Table 6.9). Charcod from Bu was fairly wel preserved and
therefore this high percentage of Charcod Types is likdy to be indicative of a true
change in the assemblage, which may be rdaed to a change in the environmernt,
rather than an indication of poor preservation. Some specimens were dso identified
as taxa from Sapotaceae, Rubiaceae, Fabaceae and the sub-family Papilionoidese, as
well as Rubiaceag/ A pocynaceae and Anacardiaceae/Burseracege families.

6.2.2.20. Contemporary Distribution of Taxa and Environment Data

The combindion of taxa within this layer is different from that observed in other
layers. Xylothecca kraussiana and Clerodendrum glabrum are often present in
coastal vegetation such as dune forest, coasta thicket and bushveld, dthough they are
aso recorded inland within southern Africa (Pooley 1997)

Arecaceze, the PAm family, contains a range of pams that are widespread across
southern Africac Wood anatomica sructures observed in the specimen from this
layer indicate that the mogt likely identification is cf. Phoenix reclinata however this
cannot be confirmed until more comparative material has been obtained. This species
occurs aong rivers, in open low-lying grassand regions (Coates Pagrave 2002), and
near the coast in subtropica parts of southern Africa, dthough it does not grow in
dune vegetation (Grant & Thomas 1998). It can be found growing near the cave
today and frequently occurs in other regions of KwaZulu-Natal. The presence of
Phoenix reclinata in conjunction with Xylothecca kraussiana and Clerodendrum
glabrum is interesting because they ae often found in smilar environments, both
close to the coast and inland.

Brachylaena spp. may provide more specific environmenta niche data, however this

depends upon which species are present in this layer. Brachylaena discolor, which
was discussed in detall in the description of the HP layers, is representative of
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evergreen coadta vegetation. In Bu there is more than one taxon present in the
charcod assemblage and many of the specimens have anaomicd characterigtics that
are dmilar to those documented for B. rotundata. B. rotundata is deciduous and has a
redricted digtribution in northern South Africa (Fig. 6.8). It grows in bushveld and
open woodland often in dry, rocky lacdities and on smadl hills (Coates Pdgrave
2002).

The Fabacese identifications from Bu have been divided into two sub-families,
Mimosoidese and Pepilioncidese. The Mimosoideae specimens are further defined
as Acacia spp. As mentioned previoudy the information provided by these
identifications is limited because Acacia spp. are widespread and numerous within
southern Africa.  Although they are present in a diverse range of environments within
each of these they preferentidly grow in open locations. There are a few exceptions
to this such as A. schweinfurthii (which is a scrambler) and A. xanthophloea (the fever
tree). Papilionoidese is ds0 a large sub-family of Fabacese containing taxa that occur
in many regions of southen Africa The specimen from this layer contains
anatomical characteridics, such as doried rays and parenchyma, found in many
Pepilionoidese taxa; however, it has not been possble to identify it beyond family.
This is patly a limitation of the reference collection avalable while dso being a
reflection of the difficulties associated with making identifications in this group.

It is interesting to note the presence of Kirkia sp. in this layer. The taxon was aso
identified in the samples from RSp and HP. Kirkia acuminata is a deciduous tree that
is found in a variety of bushveld habitats (Grant & Thomas 2000) and woodland at
medium to low dtitudes (Coates Palgrave 2002). In contrast, Kirkia wilmsii grows a
higher dtitudes on mountain dopes and rocky hills (Coates Pagrave 2002). The
presence of ether of these species would provide evidence for a drier environment
than is present in KwaZulu-Natal today. Ther specific digtributions are discussed in

the context of the HP sample (see above).
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6.2.2.21. Bu Summary and Environmenta Interpretation

The charcod specimens from this layer are a combination of evergreen and deciduous
taxa Some of the taxa are widespread in southern Africa while others are confined to
andl aress or they grow within limited niches The mgority of taxa identified in this
sample are present either in the modern cave region or nearby in KwaZulu-Natal.
Kirkia provides an exception to this and for this reason its presence may be pivotd to
the interpretation of the combination of taxa present in this layer. The Brachylaena
identifications may aso be dgnificant to the interpretation, however this cannot be
determined without secure species identifications.

The idertifications can be interpreted in a number of different ways. Firdly, it is
possible that the Kirkia taxon is an outlier within this layer. 1t may have been brought
from a nearby, but distinct vegetation environment. Secondly, it can be assumed that
Kirkia was present in the same vegetation region as the other taxa within the deposit.
In making this assumption it is implied that the environment may have been
sgnificantly different.  Although dl the identifications may not be observed in
combination in KwaZulu-Nata today many of them are found in the Limpopo, and
Mpumalanga provinces. The regions in which they occur are, on the whole, drier
than KwaZulu-Natd, however within these dry regions there are wetter niches, such
asaong riversthat contain many of the taxa present in this layer.

6.3. Summary

Charcoa is preserved throughout the MSA deposits, however, preservation and
charcod quantities vary within and between drdigrgphicdly didinct layers.
Charcod is andysed from eght layers, spanning a period of between 30-35 000
years. The oldest layers, from the HP, are about 62 000 years old (Z. Jacobs pers.
comm.) and the youngest layer andysed, Bu, is dated to 35.2 ?1.8 ka (OSL) (Wadley
& Jacobs 2004). There are fewer charcod fragmerts in the HP layers, however, the
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preservation of these fragments is good. In some of the later layers, in paticular Eb
and RSp, internd gructures of the charcod are less well preserved.  Preservation is
very good in MOD and specimens are classed as identifisble, with taxonomic
identifications or as Charcod Types.

Each layer andysed contains evergreen and deciduous taxa and, in tota, more
evergreen than deciduous taxa are identified. In laye's OMOD and RSp the
deciduous taxon presence is more prominent than in other layers. Indicators of forest,
riverine and bushveld vegetation are present throughout the layers, however, as with
the deciduous and evergreen indications the prominence of the three different
communities varies between layers. More bushveld taxa are present in the younger
layer and more of the riverine and forest taxa are noted in older layers. In addition,
athough the communities are present throughout the samples they are represented by
different taxa suggesting changes in the types of vegetaion community from which
the cave occupants collected. These differences are interpreted as evidence for
changes in the vegetation environment that may be a result of larger scde dimatic

changes.

It is important to note that vegetation indicating the presence of the river persds
throughout the layers andysed. Its presence is not unexpected and these taxa provide
a congant background of identifications over which other vegetation types appear and
perhaps disappear through time. There is evidence to suggest that the compostion of
the riverine community aso changed a little through time. The presence of the river
vegetation is likely to have obscured some of the more subtle vegetation and climatic
shifts because it may have acted as an oasis providing a constant source for wood for

the cave occupants.

There are dso some taxa that are present throughout the assemblages, such as
Ziziphus mucronata and Rapanea melanophloeos, which may sugget some

continuity in the vegetation surrounding the cave. Both of these plants are fairly
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vasdile and Z. mucronata in paticular is widespread in southern Africa and
therefore it is difficult to assess the evidence for continuity because these taxa would
probably have been able to adapt to changes in vegetation and climate. Another
taxon, Leucosidea sericea, does not grow near the coast naurdly, dthough it can
survive along the coast if introduced (C. Scott pers. comm.). Its presence and the
presence of taxa from northern South Africa are interpreted as evidence for a
southwards shift in vegedion bdts. This may have been the result of a change in
climate, lowering of sealeve or both.

Some layers contain taxa that are currently not found in the Sibudu Cave vicinity. Of
these, some only grow in northern South Africa today in regions that receive
gonificantly less ranfdl than the Sbudu region does Identifications of Kirkia sp.
and Ximenia sp. were unexpected. Both taxa are found in drier habitats than the Cave
region experiences today and they are often found in savanna bushveld or woodland
vegetation.

Four distinct groups of layers can be defined on the bass of ther dates and taxon
compostions. The oldest sample andysed from the HP layers suggests the presence
of an evergreen foret. The area may have received quite high rainfdl or have hed
high moidure avalability, through the soils the presence of the river or humidity
levdls. There is contrasting evidence for a drier environment in the HP layers. The
region may have been warmer, recelving more sunlight than the sheltered and shaded
fores region. This combination of taxa is not found in modern KwaZulu-Natal
athough can be found further north in Limpopo Province. The vegetation in the HP
may be smilar to extant fores and bushveld communities in northern KwaZulu-Natal
today.

The second group that can be defined includes layers Eb, SPCA and BSp. SPCA and

B ae dratigraphicdly sequentid, and Eb is dightly lower in the dratigraphy (Fig.
3.3), however, they dl lie within a sequence of layers dated to between about 60 000
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years ago and 56.7 +2.3 ka. Each of these layers contain evidence for a variety of
vegetation communities, including forest and riverine vegetation and to a lesser extent
drier, bushved vegetation. These layers contan drong evidence for riverine
vegetaion. The presence of Leucosidea sericeaand Erica spp. may indicate the area

experienced cooler climatic conditions during this occupation phase.

The third group includes layers RSp, OMOD and MOD. These layers date to 53.4
+3.2 ka (OSL), 51.8 +2.1 ka (OSL) (Wadley & Jacobs 2004) and about 50 000 years
ago (Z. Jacobs pers. comm.) respectively and they contain ggnificantly more taxa
from drier and warmer communities than the previous group of layers do. The forest
and riverine vegetation indicators are gill present and within these there are evergreen
taxa, but deciduous taxa are better represented. Deciduous species include a range of
Fabaceae taxaas well as Kirkia sp. and Ximenia 9.

Bu, one of the find MSA layers, makes the fourth group. This layer contains some
taxa that can currently be found near the cave in the remnant forest vegetation. The
trend of increased numbers of Fabacese taxa does not continue into Bu. Instead there
are more forest taxa and there are severd new identifications that are consstent with
riverine forest vegetation. The number of Erica sp. fragments have reduced but this
may be a result of different fragmentation rather then a true reduction in the
assemblage or the environment. There are some smilarities between the range of
taxa present in Bu and those identified in the HP layers. For example, Kirkia sp. and
Brachylaena spp. are present in both layers. Other taxa, such as Podocarpus sp., are

not been present in the Bu sample.

In the following chepter evidence is presented from the quantitative analyss, while
continuing to draw upon the quditative data presented above.
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CHAPTER 7. QUANTITATIVE ANALYS SRESULTSAND
PRELIMINARY INTERPRETATION

7.1. Introduction

In this chapter the results of the quantitative andyses are presented. Factor andyss
results are given both before and after rotation of the data matrix. Reference is made
to taxon digributions, vegetation niche data and modern cultura uses to ad
interpretation of the identified factors. Severa explandtions for each factor are
provided and summary datistics are used to produce indices for factors defined after
the rotation was applied. The fina quantitative test used is a correspondence
andyss. This tes was used as a complimentary andyss method to verify the results
of the factor andyss. The outcome of this test is discussed and interpreted.
Comparison to the factor andyss is reserved for Chapter 8. The following discusson
is concluded with a summary in which | discuss some of the mgor trends in the data

that have become gpparent during identification, andlysis and interpretation.

7.2. Quantitative Analysis

7.2.1. Factor Analysis

Factor andyss results are presented both before and after applying an orthogona
vaimax rotation. The andyss identified seven factors that influence the charcod
as=mblage (Table 7.1). Three of these factors account for 71% of variability within
the data and over haf of the variability can be explained by the fird two factors.
These two factors are most important in determining the composition of the data st.
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Factor loadings for the variables incdluded in the andyss are discussed for the first
three factors before and after rotation to establish the mgor influences upon the data,
whether environmenta or culturd. The dichotomous rdationships between varigbles
in the remaining factors are likdy to be dtributable to very smdl influences upon the
assemblage composition and are therefore not consdered further.  All variables with
factor loadings less than 0.3 and grester than -0.3 are not influentid in defining the
factors and those values have been removed from the results table (Table 7.2). The
taxa have been ordered (Table 7.3 — 7.8) from largest to smdlest within the highest
and lowest factor loading categories.

7.2.1.1. ResultsPrior to Rotation

Of the nine important variables with high postive factor loadings in F1, sx beong to
the encompassing Fabacese family (Table 7.3). Genera and species identifications
included in each variable are liged in Appendix F. As the occurrence of Afzdlia,
Burkea and other Caesalpinioidese taxa as well as Albiza spp. and Acacia spp. from
the Mimosoidese sub-family increases, there is a corresponding decrease in the
occurrence of Ptaeroxylon obliquum, Ochna spp., Leucosidea sericea, Morella
pilulifera, Podocarpus spp. and Erica spp. This factor is mogt influentid in
determining the composition of the data F1 incdludes some of the most commonly
occurring taxa, but it does not included taxa such as Rapanea melanophloeos that are
present in smal numbers throughout the samples.

In F2 some of the taxa that were previoudy assgned low loadings in F1 have been
separated and placed a opposing ends of this factor (Table 7.4). This indicates that
dthough they are underlan by a common determinant, F1, they are adso influenced
by an additiond factor, which affects these variables in a different way resulting in
the dichotomy observed in F2. Ceadtraceae, Podocarpus spp., Ochna spp., and
Brachylaena spp. in this factor are observed to increase, while Mordla pilulifera,
Leucosidea sericea and Erica spp. decrease.  This second factor is not exclusvely
composed of taxa with negative factor loadings from F1. Other influentia taxa are
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Rapanea and Celtis, which are grouped with Morella, Leucosidea and Erica in F2.
At the pogdtive end of the factor there are dso additiond taxa including Kirkia sp.,
Sterculiaceae, Proteaceae and Buxus §p. None of the variables with high loadings in
F1 disolay sgnificant factor loadings in F2 suggedting that they have little influence
upon this factor.

In the third factor, F3, there is repetition of variables assigned sgnificant loadings in
previous factors (Table 7.5). Disregarding Olacacese, dl vaiables in the data are
included in F1 or F2. Olacaceae Ximenia sp.) has the largest negative factor loading
and its occurrence is therefore highly influentid upon F3. To interpret the factor it
will be important to consder the environmenta requirements and culturd uses of
Ximenia . that may influence its occurrence in rdaion to other taxa in the
asemblage.  The Ximenia sp. is grouped with Kirkia sp., as well as taxa from
Proteaceae and Rutacese. At the podtive end of the factor the Fabaceae family, and
more specificaly the Papilionoideae sub-family as wel as Ficus sp., Celtis sp., Buxus
gp. and taxa from Sterculiaceae, are noted.

7.2.1.2. Interpretation Prior to Rotation

Vaiables assgned pogtive factor loadings in F1 tend to be found growing in open
savanna environments (Table 6.1), dthough some of these families such as the
Mimosoideze, contain taxa that are able to grow in a wide range of habitats.
Didributions and environmentd niche data were examined for each taxon. The
magority of taxa assgned pogtive loadings grow in the summer ranfdl region of
southern Africa in areas with low winter ranfdl vaues  Families with negdive
loadings contain taxa that grow aong the coast and often as far south as the Eastern
Cape. Some of these taxa are able to grow in a range of habitats in the winter rainfdl
region of the Cgpe. Many of the identified taxa have a moisture requirement and
grow in riverine forest (dthough not exclusvey).
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F1 may adso be explaned by changes in sdection of firewood. Some taxa a
opposing ends of the factor are recorded as good fuelwoods. This factor recognises
that layers with a dominance of Erica op. are diginct from layers where Acacia spp.
are dominant. There is some overlgp in the occurrence of these taxa; however, the
factor andyss has noted the generd trend that as one increases in percentage
frequency the other decreases. It has adso recognised that the occurrence of
Podocarpus is, with the exception of RSp, diginct from the occurrence of Acacia spp.
Erica spp. and Acacia sp. are used as fuewood by modern societies in South Africa
Although Podocarpus is not noted as fuelwood, it is possble that it was used in the
absence of other better fuelwood types, or it is possible that Podocarpus does in fact
burn well but it is not used today and therefore it is not recorded as a fuewood in the

literature.

F2 identified some overlgp with variables important in F1.  Since many of the taxa
that are polarised in this factor can be found together and grow in sSmilar
environments it is difficult to interpret the result with any great certainty. Rather than
being dependent on one of the climatic variables consdered here it is likdy tha
another perhaps more discrete agent is influencing the compodtion of this factor.
This factor identifies differences in the occurrence of Podocarpus spp. and Erica spp.
in the data set. The previous factor grouped these taxa Erica caffra, which is the
dominant Erica species, and Podocarpus species grow aong the edges of steams and
rivers and therefore proximity to rivers is unlikdy to be the influentid factor. Many
of the taxa grouped with Podocarpus grow within forest vegetation, wiereas, at the
opposte end of the factor many of the identifications grow a the forest margins. This
is not exclusvely the case, however, because there are taxa such as Kirkia that are
grouped with the forest taxa Podocarpus and Kirkia are not necessaily
contradictory identifications but, dthough they may grow in close proximity, they are
not specificaly found within the same vegetation niche.
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The third factor, F3, contains taxa from a range of environments and the Ximenia sp.
identification was noted as important in this factor. Ximenia americana and Ximenia
caffra are able to grow in the warm dry regions of northern South Africa in Limpopo
and Mpumaanga provinces. X. americana and X. caffra are bushveld species (Coates
Palgrave 2002) and are often found in the same regions as Acacia, Kirkia and Albiza
species. X. caffra has a dightly wider digtribution and aso grows in coasta bushveld
in KwaZulu-Natd. Both species are used for various medicind tasks and the fruits of
these trees are edble. The wood is not recorded as fuelwood athough this does not
precludeits use as such.

Ximenia is grouped with Kirkia sp., Proteaceae and Rutaceae. Proteaceae contains a
wide range of Protea species and Faurea species. Didtinguishing between genera on
the bass of wood anaomy may be possble but the anatomicd dructures of
specimens in these samples were not distinct enough to do so. Many Protea and
Faurea species grow in warm bushveld regions dthough different species are dso
dominant plants of the Cgpe Fynbos vegetation. Identifications from the large
Rutacege family indude Calodendrum capense and Vepris sp. C. capense is often
found in wooded ravines and it has a farly wide digtribution from sea-level to 2000 m
amsl. (Pooley 1997). Vepris is a large genus and it is therefore difficult to confine
the identification or to suggest specific environmenta requirements. At the opposite
end of the factor Celtisand Buxus species are indicators of forest vegetation but other
taxa come from a wide range of environments. This factor does not appear to be
influenced by a clear environmenta factor.

7.2.1.3. Results After Rotation

One of the most sriking differences between the rotated and unrotated factor results
is that fewer variables are assgned dgnificant factor loading vaues after rotation and
this is paticularly noticegble in RF1. This is one effect of rotaing the data matrix
usng a varimax rotation. The rotation makes the differences between the variances
greater, which has the effect of placing more families within the “cut off” area (less

131



than 0.3 and greater than —0.3), so0 that fewer families are assgned sgnificant factor
loadings. Only families that ae mogt influentid upon the factor reman and it is
therefore ofteneadier to interpret the results after a rotation has been applied.

The fira factor after rotation (RF1) remains in essence smilar to F1 before rotation
athough some differences are gpparent. The firg is that the podtive and negative
loadings have been reversed. In RF1 the highest postive loadings are assgned to
Ericaceee and Myricacese while the lowest negative loadings are assgned to
Papilionoideae, Fabaceae, Celastraceae, Mimosoideae Acacia spp., Brachylaena spp.
and Kirkia sp. vaiadles (Table 7.6). The opposite was true prior to rotation.
Secondly, RF1 is not dominated by the Fabacese variadle or subfamilies within
Fabacese whereas F1 was dominated by these taxa  In RF1 Ceastracese,
Brachylaena spp. and Kirkia sp. are also important.

The second factor RF2 contains some variables such as Papilionoidese, Morella
pilulifera and Erica that are adso important in RF1 suggesting the first two rotated
factors are not completely independent of one another with regards to ther influence -
whether environmenta or culturd - upon the vegetation brought to the cave. In RF2
the Brachylaena spp. have been grouped with Erica spp. and Morella pilulifera
(Table 7.7). Previoudy, in RF1, Brachylaena spp. were placed with the group of
vaiables contaning Fabacese and Papilionoidese.  The shift in placement between
these factors indicates that the Brachylaena spp. variable may be pivotd to the
interpretation of the first two factors.

Many of the varidbles in RF3 are dso included in RF1 and RF2. At the positive end
of RF3 sx variables have dgnificant loadings, whereas a the negative end there are
only two variables included in the factor (Table 7.8). This suggests that varigbles a
the pogtive end of the factor are more important in determining this factor than those
a the negative end. The postive end of the factor includes Ochnaceae, Ptaeroxylon

obliquum, Podocarpus spp., Buxus spp., Celastraceae, Sterculiaceae and Proteaceae
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while a the negaive end of the factor the sub-families Pepilionoidese and
Mimosoidese Acacia spp., which belong to the larger Fabacege family, are influentid
(Teble 7.8). This factor is interesting because it recognises the co-occurrence of
Podocarpus spp. with Ochnaceae taxa and Buxus spp. but it does not isolate the co-
occurrence of Kirkia spp. and Podocarpus spp. which is evident in the data (Fig.
6.10).

7.2.1.4. Interpretation After Rotation

Families placed & opposite ends of RF1 have been corrdated with environmenta
data and habitat requirements. In RF1 postive loadings were assgned to taxa that
tend to occur in cooler regions of southern Africa when compared to the taxa
exhibiting negetive loadings. The didtribution maps show tha many of the taxa with
podstive loadings are able to grow a higher dtitudes than those with negative
loadings. It is possible that this factor is governed by temperature. Another possible
explanation for the dichotomy observed in RF1 is moisure requirements of the
plants. Taxa influentid at the pogtive end of the factor, induding Morella pilulifera,
Erica spp., Rapanea melanophloeos, and Leucosidea sericea require moisture and are
often found near rivers, whereas those at the negative end do not depend upon access

to water and are able to withstand long winter droughts.

Some variables with the lowest loadings in RF2 are noted as being able to withstand
frog conditions (Table 6.1). Those with highest temperaiure vaues and highest
factor loadings tend to occur in areas where frog is infrequent. The combination of
temperature, distribution data and environmental tendencies indicates that this factor
may be dependent upon the niches in which these taxa grow. In addition
anthropogenic influences may be responsble for the compostion of this factor, as
suggested in the interpretation of F1 (prior to rotation). RF2 adso recognises a
dichotomy between the Mimosoideae group of variables and the Ericaceae variables.

As mentioned in Chapter 4, taxa from both families are frequently used as fuelwood
by modern societies.
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The mog influentid varigble in RF2 is the Agteracese family Brachylaena spp.) and
interpreting their presence may be criticd for interpreting this factor. Two possble
goecies in the data set include B. discolor and B. rotundata adthough there are a
number of other possble species that are not represented in the reference collection
and cannot be excluded with confidencee The mgority of specimens display
anaomicd characterigtics mogt amilar to B. discolor. This plant is recorded as frost

resstant dthough it rardy grows far from the coast unless dong rivers (such as the
Tongati).

Interpreting RF3 is quite difficult because there are limited data avalable for the
negative end of this factor. At the pogtive end of RF3 climate data are available for
gx of the seven varidbles whereass as a the negative end data are available for one
variable (Mimosoideae Acacia). Many Acacia species grow in warm dry parts of
southern Africa and they are predominantly found in the summer rainfdl region of
the sub-continent.  This taxonomic grouping is very large and there are some Acacia
species that have different habitat tendencies. On the whole they are didtributed in
the rdlatively wetter eastern parts of southern Africa dthough there are some species
that occur in the drier western provinces.

Environmental niche data, described in Chepter 6, for the variables in RF3 show that
taxa with the highest pogtive loadings can dl be found in rdaively damp forest
conditions, often as understorey vegetation. Some of the taxa with postive loadings
are able to grow in cooler mountainous areas as wdl as in forests dong the coast to
the south of Durban. Forests in KwaZulu-Nad receive high annud precipitation,
often in excess of 900 mm (Acocks 1988). This factor appears to be governed by
habitat tendencies of the taxa Habitats of taxa included in this factor range from
fores (which in this ingtance is cool and wet) to a more open woodland habitat
(which are warmer and drier). Mog importantly, this Factor recognises a distinction
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between the occurrence of Podocarpus and its suite of forest taxa and the other forest

taxathat are recorded in other layers analysed.

As discussed above, there is over-lgp of varigbles that are identified as sgnificat
across eech of these factors, indicating that some taxa are influentia in more than one
factor. There are other taxa such as Celtidaceae and Olacaceae that are not important
in any of the firg three factors after the rotation has been gpplied. Whether taxa are
consdered influential or not is dependent upon where the arbitrary “cut off” is placed
(in this ingance 0.3 and —0.3). In descriptive statistical procedures such as this the
number factors that are included in the interpretation and the placement of the cut off
is a the discretion of the researcher. The overlap of taxa makes defining the factors
difficult and as shown above there are a number of different ways the results can be
interpreted.

7.2.1.5. Summary Statigtics
The rotated factor badings are used to produce factor scores (RFS1-3) and summary
satistics (SSRF1-3) for each factor. The vaues are plotted on a scae from G100 to

obtain an index for each factor.

RF1 can be dtributed to changes in temperature or to changes in the moisture
requirements of taxa in the factor. First it is assumed that changes in temperature
affected the locd vegetation and thus changes in the compodtion of the
archaeological assemblage, producing the dichotomy observed in RF1.  Vaues
closest to O Fig. 7.1) represent warmer periods while values closer to 100 indicate the
colder periods. This was determined by andysing the presence/absence of taxa in the
layers with highet and lowest index vaues For example, SPCA has taxa that
yielded postive factor loadings, such as Ericaceae and Rosacese. These taxa tend to
be digributed in cooler environments than taxa a the opposng end of the factor.
Taxa yidding negaive factor loadings were associated with higher temperatures.

Taxa from the warmer temperature grouping occur within layers that have low SSRF1
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vaues. Bu was assgned the lowest vdue. The plot of the SSRF1 vadues shows that
temperatures were coldest during the occupation period associated with the
archaeological layers SPCA and Eb. BSp ds0 has a rdativdy higher SSRF1 vaue
than is observed for the other layers. The warmest periods (lowest SSRF1 vaues)
have been assigned to Bu and HP. OMOD, MOD and RSp dl display farly smilar

values and are grouped closer to the warmer end of the index.

If RF1 is determined by the moisture requirements of plants the lowest index vaues
represent periods with taxa from dry environments dominant and higher vaues are
associated with taxa with higher moigture requirements. It is likdy that these changes
in the taxon representation are related to changes in climate and vegetation not just to
changes in wood sdlection drategies. In this scenario the SSRF1 index indicates that
drier conditions prevailed during occupation periods associated with the HP layers,
RSp, OMOD, MOD and Bu. This does not corrdate with the quditative descriptions
given for HP or for Bu dthough it does correate to the descriptions given for RSp,
OMOD and MOD in Chapter 6. During SPCA, Eb and BSp there are more taxa that
have higher moisture requirements. Bu and the HP layers provide unexpected
indices. This may be because these samples do not contain taxa that are influentiad in
RF1, or that it is incorrect to interpret this factor as indicating a change in available
moisure.  Podocarpus a taxon that is generdly found in regions with high moisture
avalability, is present in the HP layers and it is therefore probable that this
interpretation is incorrect and that temperature is a more likey determinant for this
factor. Implications of this observation are consdered further in Chapter 8.

Perhaps the most likdy determinant for RF2 is avalable moigure (Fig. 7.2).
Influentid taxa a the negative end of this factor are found near rivers and in regions
with high moisture availability. The index can be interpreted as an indication of the
presence of riverine taxa as the dominant component of the assemblage verses taxa
that are able to survive without rivers. The dichotomy does not indicate the absence

of the river during some occupation periods but rather that riverine taxa were less
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prominent in the assemblage and this may indicate that the river was reduced in sze
or that it did not flow perennidly.

RF2, which was initidly interpreted as an indication of the numbers of frost resstant
taxa shows that during occupations associated with SPCA and Eb more plants that are
fros resstant were brought to the cave than during occupations associated with
OMOD, RSp and MOD. Vaues obtained for HP, BSp and Bu are gouped towards
the “frost resstant” end of the index. It can therefore be suggested that there may
have been more frog resdant plants in the vegetation environment during this
occupation, indicating a change in environment, or that this pattern was obtained by
chance.

It is harder to interpret the indices if the factor is attributed to wood sdlection. In this
instance, the taxa at opposing ends of the factor (Acacia spp. and Erica spp.) are good
fuewoods. Opposing ends of the index, 0 and 100, must therefore be interpreted as
representing the selection of good fuedwoods. It is possble to suggest that one end
(where Erica spp. ae dominant) is represented by taxa used for kindling while the
other end contains taxa that are used for prolonged burning. This is not a
conventiond way of interpreting the indices and it is perhaps ingppropriate to use this
analytica method. Other taxa present in this factor, such as Asteraceae Brachylaena
$p.), Euphorbiacese 1, Sterculiacese and Lamiacese varigbles do not support the
interpretation of this factor as an indication of fuewood collecting drategies. These
families contain many taxa that are not specificaly collected by modern communities
for use as fudwood today.

The dichotomy of variables observed in the third factor is closdy related to the niches
in which these taxa occur preferentidly with forest taxa separated from taxa from less
forested and more open woodland vegetation (Fig. 7.3). The SSF3 plot shows that
the most forested environments were evident during the HP occupation. RSp,
OMOD, and MOD have SSF3 vaues that are clustered at the woodland end of the
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index. This was expected because Acacia $p. are prominent in these layers. Bu,
SPCA and BSp dso have vdues closer to this end of the index. These occupation
periods contan many taxa tha ae associated with more open  savannah
environments. Forest taxa are however present in dl layers and the HP layers dso
contain some taxa that can grow in less forested, dry environments. The SSF3 plots
highlignt the differences between the HP assemblage and the other seven

assemblages.

Summary Statigdtics results show that Bu and the HP charcod assemblages were
accumulated during warm and wet phases, wherees MOD, OMOD and RSp were
mos likedy accumulated during a period of warm yet drier climatic conditions. BSp,
SPCA and Eb have some taxa that are indicative of cooler conditions and the
summay datidics results suggest that conditions were rdaively dry.  Although
cooler conditions may have been evident during the Last Glacid it is unlikdy that
these were ever extreme.  The continuing presence of riverine vegetation community
components as well as some bushveld taxa provide evidence to support this

Suggestion.

7.2.2 Correspondence Analysis

Results of a Correspondence Andyss test using absolute fragment numbers are
given. The grgph (Fig. 7.4) shows that axis 1 explains 27.35% of variability in the
data, while axis 2 explains 23.54%. Together 50.89% of variations in the data are
explaned by axis 1 and 2. The influence of the firs two axis upon the compostion
of the data st is roughly equa. A third axis, which explains 16.01% of varidhility,

was aso noted; however, only the first two axis are discussed here.

On axis 1 wo clear clusters can be defined while three clusters are present on axis 2.
Axis 1 groups HP and Bu (Fig 7.4), which lie on the podtive sSde of the axis and
separates them from dl the other MSA layers, which are placed on the negative sde
of the axis between values of 0 and -1. On axis 2 the first group contains MOD,
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which has been isolated from other layers. The second and third groupings consst of
SPCA, BSp, Eb, Bu and HP on the negative side of the axis and OMOD and RSp of
the positive Sde (Fig 7.4).

Pdaterns in the didribution of layers on the firg and second axis cannot grictly be
related to the depth of the deposits or time because their didributions aong the axis
do not correlate with these influences. It is interesting to note, however, that with the
exception of Bu, axis 2 separates the oldest layers (on the negative axis) from the
younger layers anadysed (on the pogtive sde) (Fig 7.4). This indicates that the Bu
charcod assemblage has more smilarities to the older layers than to the younger
layers. Many of the taxa found in Bu are dso found in the HP layers, Eb, SPCA and
BSp. On axis 1 Bu and the HP layers are isolated from Eb, SPCA and BSp (Fig. 7.4),
suggedting that they are equaly different from these layers. Ther location does not
necessarily suggest that they are smilar to each other athough there are some taxa
present in Bu that are dso present in the HP layers. The HP layers and Bu contain
Brachylaena sp., and Kirkia sp. There ae dso many different taxa, such as
Podocarpus spp., Ochna sp. and cf. Phoenix reclinata. The younger layers, RSp,
OMOD and MOD are grouped on the first axis and they do contain many of the same
taxa such as Acacia spp., Albizia spp., Mystroxylon cf. aethiopicum and Ziziphus
mucronata. On the second axis MOD is assgned the highest podtive vaue. This
suggests that either MOD contains some taxa that are not found in ether of the other
two layers or that OMOD and RSp have been drawn towards the Eb, SPCA and BSp
group because of shared taxa. The second scenario appears to be more accurate than
thefirgt.

Didributions of taxa dong axis 1 and 2 were andysed to determine whether a
common underlying factor such as a change in dimae or a change in culturd
sdection was gpparent. On axis 1 the occurrence of Podocarpus spp. has been
isolated from most of the other taxas. On axis 2 there gppears to be a digtinction

between taxa from moigt forest communities (on the negeative sde of the axis) and
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those from drier woodland savanna communities (on the podtive side). There are
some exceptions to this, such as the Kirkia §p., which is found on the negeative side of

axis 2 and Cunonia capensis a moist forest taxon that is placed on the postive side of
F2.

It has dready been shown in the quditative andyss (Chapter 6) that there are some
taxa co-occurring in the charcod samples, such as Kirkia and Podocarpus, that may
a firg gppear to have come from digtinctly different vegetation communities. It is
necessary, however, to consder that the wood in the assemblage may not represent
one vegetation community as it may have been collected from severd communities
that were exploited for wood resources by the cave occupants. It is therefore
important to consder the compostion of vegetation types that are found in close
proximity as wdl as individud vegetation types The taxa that appear to be
anomalous in their placing on the second axis may be an indication of the
combination of vegetation communities that are represented through the charcoal
assemblages from Sibudu Cave.

7.3. SUmmary

In assessng sampling Sze adequecy it was found that richness vaues for each layer
were not dgnificantly different and therefore the wesk postive corrdation observed
between sample sze and richness could not be used when discussng the
effectiveness of the sampling employed. For this reason richness vaues were dso
not used for developing a discusson concerning taxon diversty within each layer. In
the interpretation 1 have however referred to families, such as Fabacese, being better
represented in some layers (such as MOD and Bu) than they are in others (for
example Eb and BSp). These obsarvations are only made when supported by other
identifications within the layer.
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Reaults and interpretation are given both before and after a varimax rotation was
goplied to the data  The following summarises the main findings. Fewer families are
influentid in the factors after the rotation was applied. On the whole the andyss
recognises the same families as influentid before and &fter rotation.  This is
particularly noticeable for F1 and RF1. The type and didribution of taxa in the layers
suggest that the environment may have been subject to changes in temperature and
avaldble moiger. It is dso goparent that the assemblage compostion is influenced
by culturd odection.  The andyss identifies that temperature and/or culturd
section ae mog influentid in determining the soread of taxa in the assemblage.
When converted into an index wieing summary datisics SSRF1 shows that the region
was probably cooler during occupations associated with layers Eb and SPCA and was
warmer during the occupation associated with HP, RSp, OMOD, MOD and Bu. BSp
lies in the middle of the index suggeding intermediate conditions between the warmer
and cooler phases The use of wamer (in this ingtance) does not imply conditions
were warmer than they are today, but rather that conditions were warmer than the
coldest phases of the last glacid. It is unlikdy that climatic conditions were warmer
than they are currently during any of the occupation phases andysed from the MSA.
It is dso important to note that dthough there are indications of dightly cooler
conditions there is no evidence to suggest that conditions were ever extreme during

the occupations analysed.

RF2 is interpreted as recognisng the influence of avalable moisture upon the taxa in
the environment and the assemblage. | use the term “available moisture’ because this
factor is not governed purdy by quantity of precipitation but rather increases and
decreases of the amount of moisture a plant can exploit, whether through changes in
humidity, soil moidure or precipitation. Avalable moigure is a complex
environmentd factor that is influenced by changes in temperature, the location of a
plant within the vegetation community (such as next to a river, in the forest, or on the
forest fringes), dope aspect and vegetation type (whether forest, woodland or
bushveld for example). The Summay Statigic index for RF2 shows that on the
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whole the assamblage is composed of taxa that thrive in moist conditions and it is
possble to deduce tha there was reatively high waer avalability in the region

throughout the occupation of Shbudu Cave. Layers RSp, OMOD and in particular
MOD, provide evidence for periods of reduced moisture availability.

RF3 is interpreted as indicating changes in the type of forest vegetation present.
While foret taxa are identified in dl the layers andysed, the factor andyss
recognises a difference between the HP layers and the other seven layers. The main
difference between these groups is the occurrence of Podocarpus spp. RF3 groups
Podocarpus species with some of the other forest taxa and separates them from the
woodland savanna community species. The Summary Statistics index shows that
during the HP occupdtion forest is the mgor component of the charcod assemblage
and yet during the post-HP occupation forest taxa are less prominent in the
assemblage. It is not possible to interpret this factor as a clear digtinction between
forest and woodland taxa because when the values assgned to esch layer in the
Summary Statigic index are compared to the actud contents of the layers, this
digtinction is certainly not clear.

The Correspondence Andysis highlights two factors that are important in determining
the compogtion of the charcod assemblage. The first axis separates Bu and the HP
layers from dl other layers, showing tha the assemblages in these layers ae
diginctly different from the assemblages in other layers  This andydss determines
that dthough there are smilarities between the sample from the HP layers and the
asmblage in Bu, these smilaiities are not greater than the differences that are

apparent.

The second axis differentiates between the older layers which are dominated by forest
and riverine taxa, and the younger layers, dominated by woodland taxa. Bu is again
noted as an exception and is placed with the older layers. In this ingtance this can be
interpreted as showing that Bu contains more smilar taxa to the oldest layers than it
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does the youngest layers. Nether axis is determined by a sngular climatic
component, such as temperature and neither axis is clearly related to wood colleding

drategies dthough they have both been influenced by the occurrence of wood types
brought to the Site.
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CHAPTER 8. DISCUSSION

8.1. Introduction

Prdiminary interpretations of the charcod data have been given in Chapters 6 and 7.

In the discussion that follows | draw together the interpretations from each anayss
technique to present evidence for changes in vegetaion and palaeoenvironments
during the Last Glacid. This discusson is dso used to edablish whether the
quditative and quantitative procedures provide compatible results or whether the
techniques used highlighted different or even contradictory feetures in the data
Charcod anayss is rady used as an environmental proxy on its own and for this
reason | compare the results of this andyss with data from the other environmentd
proxies (presented in Chapter 3) studied a Sibudu Cave. The Sibudu Cave charcoa

data are then compared with data from dtes in the summer and winter rainfdl regions
of South Africa to edtablish the amilarities and differences between the two regions
during the Last Glacid. | then place the evidence from Sibudu Cave in the context of
globa climatic changes to broaden this discusson further.

8.2. Sbudu Cave Charcoal Assemblage

Charcod samples were extracted from eight assemblages spanning the extent of the
MSA excavations (at the end of 2003) at Sibudu Cave. During the 2003 excavation
and lithic andysis it was established that the MSA deposits contain HP and post-HP
lithic assemblages dating from about 62 000 years ago to 33 000 years ago (Wadley
and Jacobs 2004). HP charcod was sampled from three layers adthough these

samples were andysed as one sample of equa Sze to the samples from other layers.
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The mgority of the samples were taken from the post-HP sequence.  Within this
sequence the samples were divided into three mgor chronological groups to
diginguish the find MSA, termed the late post-HP layers, from the early and middle
post-HP layers. Layers Eb, SPCA and BSp lie within te early post-HP grouping.
These units are al dated to between 60-55 000 years ago. The middle post-HP group
incorporates RSp, OMOD and MOD, which date to between 55-50 000 years ago (Z.
Jacobs pers. comm.). The late post-HP group includes layer Bu and this layer has a
date of 35 000 years ago (Z. Jacobs pers. comm.). The late post-HP is found only in
the eest of the excavation grid, whereas the early and middle post-HP are found

across the entire excavation grid.

Preservation of wood charcod and charred botanical remains, such as seeds, grass
corms and thorns, is very good in most of the MSA layers. Large quantities of
charred wood are present, particularly in the upper MSA layers.  Although there is
less wood preserved in the lower layers, preservaion of interna sructures is good
and for mogt specimens classfication to a least family level or Charcod Type was
possible. Layers Eb and RSp displayed the poorest preservation. In RSp there were
many specimens which had fractured dong the ray cels. These fractures probably
developed during charing and subsequently sediment grains became incorporated
into the fissures causng further damage to the rays and other dructures normdly
exposed in radid tangentid sections. Rays were mogt affected but in some specimens
the clarity of vessdls and vessd pits was dso compromised because the sediment
grans worked ther way into the vessds damaging and obscuring the vessd
dructures. It was necessary to andyse severd views of the radid tangentia section
on a dngle specimen to acquire sufficient detall of anatomica dructures that would
dlow for classfication. These fractures could often be observed without usng a
microscope and it was therefore possble, prior to fracturing, to sdect areas of the
specimen that had been least affected and to obtain the best radid tangential section
possble.  Unfortunatdly some specimens were highly damaged and identification was
not posshle. The specimens in MOD and OMOD were sgnificantly better preserved.
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In these layers fragments were large and both internal and externd Structures were
better preserved than they were in the charcod andysed from other MSA layers.
Often some of the bark and phloem were Hill present around the xylem. The leve o
presarvation, paticulaly of internd dructures, was very influentid in determining
the number of identifications that could be made as well as the level of identification
possble. The scope of the reference collection dso influenced identification and this
is discussed below.

As discussed in Chapters 4 and 5 preservation is determined by a series of processes.
Fird, the temperature, duration of exposure to fire and the amount of oxygen present
will determine whether a fragment is burnt completely or charred. It is possible that
burning wood in high temperature fires causes fractures, as observed in specimens
from RSp, to develop. Some of the fragments have a glassy appearance and the
anatomical structures appear to have fused, for example Charcod Type 95. This may
a0 be a result of exposure to hot or prolonged fire. Secondly, a Sibudu Cave time
may influence charcod preservation. There is more charcod in the upper than the
lover MSA layers. This may be a result of sediment compaction causng specimens
in the deepest layers to fragment and become incorporated into the sediment matrix.

However, preservation of bone agppears to improve in the older layers and it is
therefore unlikely that increased sediment compaction and charcod fragmentation
have caused the decrease in the quantity of charcod. One must be cautious not to
over-interpret changes in charcod quantities through time because time resolution of
layers may not be directly comparable both in terms of the duration of accumulation
and dso the duration and/or frequency of Ste occupation. As a further complication
it is dso possible that less wood was burnt during the older MSA occupations & the
dgte. The type of wood provides a third factor which appears to affect preservation
and possbly fragmentation. During identification, features that may be taxon specific
were noted. It gppeared that Structures in one taxon subjected to fire, for example
Charcod Type 95, were more likely to fuse than the same structures in another taxon,

for example Charcod Type 91, from the same layer and presumably smilar
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conditions of depogtion. Woody species often contain gums and resins which affect
thelir specific dendty and hardness. It would be vaduable to determine whether these
atributes have a direct effect upon preservation and whether preservation traits are
gpecies secific or whether there is dgnificant variability within a taxon. It may dso
be possble to establish which are the most likey taxa to presarve in the
archaeologicd record. This information could be used to hep edablish a direction
for developing the reference collection. The results of such a sudy could aso assst
with charcod identification and dso with gaining a better undersanding of the dte

formation processes and anthropogenic activities at the Site.

Usng the results of quditative and quantitetive andyses, evidence for changes in
pa aeoenvironment and for changesin wood selection are discussed for each period.

8.2.1. Howiesons Poort (HP)
The HP a Shudu Cave is different from dl post-HP layers andysed not just for its
diginct lithic assemblage but dso its charcod assemblage.  Differences observed

between the HP and the post-HP layers may be a result of archaeologica sampling
bias distinctly different vegetation types caused by changes in the dimate, or
different wood selection behaviour during the HP occupation that led to the digtinct
combination of taxa present. | present the evidence from the HP charcod assemblage
in light of each of these suggestions.

8.2.1.1. Sampling

One nf grid unit (B6) of HP deposit was available for andysis. It is possible that the
current HP charcod sample includes branches that have been sampled repeatedly and
that analysis of charcod from an addtiond 1 nf would reved the presence of other

taxa Whether an additiond excavation unit would dgnificantly dter the sample
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composgition remains to be tested. Unit B5 was excavated in 2004 and the charcod

from this square will be analysed as part of a future project.

8.2.1.2. Pdaeoenvironmenta interpretations

HP Layers (GS GR and GR2 62 000 years ago) - There is strong evidence during the
HP occupation for a vegeation type that is different from that of today. The
combination of HP taxa is ot evident in the modern vegetation around the cave and it
has not been documented in literature sources, such as Acocks (1988), Low & Rebeo
(1998) or Rutherford & Wedfdl (1994). One of the most notable differences
between the HP identifications and the modern vegetation is the presence of
Podocarpus species. These are present in two post-HP layers (SPCA and RSp);
however, the suite of taxa in the HP layers is not evident in ether of these
assemblages. The co-occurrence of Kirkia sp. and Podocarpus spp. is particularly
interesting because Podocarpus grows in moist forest and riverine forest conditions
whereas Kirkia thrives in woodland vegetation types in regions that are sgnificantly
drier than the modern Sibudu Cave region. The presence of both species was initidly
assumed to indicate contradictory conditions, but both have been recorded in the
Waterberg in close proximity dthough not drictly within the same vegetation niche
Other taxa identified in the HP layers, for example Buxus spp., Ptaeroxylon obliquum
and Brachylaena sp., provide dgrong evidence for mesc forest vegetation that
probably grew in warm conditions. The factor andyss interpretation suggests the
taxa in the HP layers display some smilaities to, as wdl as differences from, taxa
found in other layers, dthough none of these layers contain the exact combination of
taxa found in the HP layers  This is paticulaly apparent in the RF3 Summary
Statigtics index, which places the HP layers a the opposite end of the index from dl
other layers. The index was interpreted as recognisng differences between moist
forest taxa and taxa found in other forest types (perhaps drier forests). Beyond the
forest there must have been a Sgnificantly drier vegetation community to support the
Kirkia and possbly the Ochna . (dthough this would only be the case if O. pulchra
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was present, because some Ochna species, such as O. arborea, are found in forests in
KwaZulu-Nata). Correspondence  anadyss dso suggests that the charcod
assemblage from the HP layers is ggnificantly different from the assemblages in most
other layers dthough some smilarities between Bu and the HP layers have been
recognised on the firs and second axis of the correspondence andyss. On the
second axis HP layers were grouped with the early post-HP layers, which dso contain
many forest taxa and relaively fewer bushveld taxa than the middle and late post-HP
layers.

There ae <sevad taxa identified in the HP layes such as the
Apocynaceag/Rubiaceae, that are absent from other layers andysed. The
Apocynaceae/Rubiacese pecimens have diginct anatomica characters dlowing for
easy identification to this taxonomic level. This specific taxon has not been observed
in any other layers dthough other taxa from the Apocynaceae and Rubiaceae families
have been identified.

To summarise, the paaecenvironmenta data from the HP layers suggest conditions
that were wam and moist. The assemblage is dominated by evergreen forest taxa
Podocarpus may have been a large component of the forest. Deciduous components
in the assemblage represent a different vegetation type. There may have been a
ggnificantly drier woodland community beyond the immediate foret vegetation
surrounding the cave and dong theriver.

8.2.1.3. Evidencefor culturaly influenced wood sdlection

The HP occupations do not contain good fuelwoods, with the exceptions of Buxus sp.
and Ptaeroxylon obliguum. It was initidly hypothessed (Chapter 1) that good
fudwoods were likdy to be present in higher frequencies than poor fudwoods if
wood had been sdected, rather than indiscriminately collected, and if wood was
predominantly brought to the cave for use in fires This hypothess was made usng
the assumption that good fuewoods would have origindly made up a lage
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component of the fire and thus a large component of the charcod assemblages.
Podocarpus is not noted in the literature as a good fudwood and therefore its
presence in large quantities could be interpreted either as an indication d a lack of
wood sdlection, or an indication that wood was brought to the Site for other purposes.
It was suggested (Chapter 7) that Podocarpus may burn wdl, dthough it is not
currently used or recorded as fuewood in the literature. If sdlection of wood for fire
was not important during this phase of occupation then a tree in close proximity to the
dte or a taxon that is abundant in the vegetation may become over represented in the
charcod assemblage. Bundles of branches collected from the forest floor would be
likdy to contain Podocarpus in large quantities if it was growing close to the dte
adong the valey sdes as a prominent component of the forest vegetation. It is evident
that people travelled to acquire good lithic raw materid in dl the MSA occupation
phases. Assuming the sample andysed provides a true representation of the
assemblage, the presence of Podocarpus, the absence of other good fuewoods and
the evidence that people a Sibudu Cave travelled for other resources, supports the
suggestion of ether a change in wood collecting behaviour or a notable change in
vegetation.

There are two reasons why wood may have been indiscriminately collected rather
than selected. Firg, it is possble that the cave occupants lacked knowledge of wood
properties and therefore wood selection was not important. Second, the assemblages
could have accumulated during short occupation periods and emphasis was not placed
upon acquiring good fuelwood. HP lithic assemblages contain a combination of tools
tha are unusua in most MSA assemblages. Backed blades and segments are more
frequent in the HP and there are higher proportions of blades than in other MSA
indudtries a the dte.  In HP assemblages there is generdly an absence of points that
are common in pre- and post-HP assemblages. It is thought that many of the HP
backed tools were hafted. If this is so one would expect that the people
manufacturing the tools and the hafts were aware of wood properties. The exact
function of these tools is not fully understood at present and it is beyond the scope of
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this research to review the literature.  The topic was introduced to show that during
the time that the “traditiond” MSA lithics were being manufactured, good fuelwoods
were routindy sdected (see discusson of pos-HP).  In contrast, during the HP,
which has a lithic industry that has frequently been considered evidence for the
development of complex socia behaviours, good fuelwoods were not used. | would
suggest that lithic raw materid sdection throughout the MSA a Shbudu Cave
indicates an awareness of raw materia resources and it is therefore difficult to
concede that for some tasks (lithic manufacture) the occupants were aware of
resources and yet for others (fuewood collection, haft manufacture) they were not. It
gppears more likely that Podocarpus was fulfilling another purpose; that it does, in
fact, burn wdl, or that the sdection of this wood was driven by culturd or
environmentd factorsthat are not yet understood.

There is some evidence from hearths in the HP layers to support the suggestion of
short occupations, dthough the evidence is not conclusve. Hearths in these layers
ae gndl and reaivey more confined than they are in other occupation periods.
There are dso fewer hearths in the HP squares excavated thus far than there are in
any equivdent area of post-HP layers. This suggests that fires were congtructed less
frequently in the HP, perhgps indicating shorter occupations. The upper section of
the HP deposit built up very quickly. There are three dates for the sequence and Al
are around 62 000 years ago (Z. Jacobs pers. comm.). Dense lithic concentrations in
the HP layers do not lend support to the suggestion of short occupations.  Sediment

anayses may help resolve theissue.

It is dso possible that Podocarpus was brought to the ste to fulfil purposes other than
fud. Podocarpus wood is often used as timber for decorative furniture by modern
societies. The wood is soft and it is generaly used with harder wood providing the
supporting dructures of the furniture.  Although there is no evidence for dructures,
such as huts, during the MSA a Sibudu Cave it is possble that Podocarpus wood

was used to make objects. It is dso a resnous wood and the resin wuld have been
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used in the hafting process as part of the mastic used to attach the stone tools to the
shaft of the haft. Residue analysis being carried out (M. Lombard pers. comm.) may
confirm this suggestion. Branches brought to the dte with resn may subsequently
have been incorporated in the fire ether accidentaly or deliberately.

There are severd other wood types in the assemblages that are recorded as fuelwoods.
For example, Ptaeroxylon obliquum and Buxus species are present in smal quantities
in the HP layers and in some of the younger layers. Both taxa burn readily and

provide excdlent tinder.

8.2.2. Post-Howiesons Poort (post-HP)

8.2.2.1. Sampling

The post-HP is a long and complex series of deposits comprisng the mgority of the
MSA excavations undertaken at Sibudu Cave. The post-HP sequence dates from
about 60-33 000 years ago (Wadley & Jacobs 2004; Z. Jacobs pers. comm.). There
are a number of trends in the lithic assemblages that digtinguish the post-HP from the
HP. The post-HP does not contain segments or backed blades. Instead there are
unifaddly-retouched points and scrapers that are standard in the MSA in southern
Africa  Hornfds and dolerite are dominant, while quartzite and quartz lithics are
present in amdler frequencies.  An increase in quartz was noted towards the early
post-HP (G. Cochrane pers. comm.). The late post-HP layers contain hollow-based
points that are not present in the other MSA assemblages.

8.2.2.2. Pdaeoenvironmenta interpretations

Early post-HP (Layers YA1-BSp 60-55 000 years ago) - Charcod was anaysed from
Eb, SPCA and BSp within this series of layers. The charcod assemblages from each
of these layers digplay sufficient amilarities to be grouped together. Taxa found in
al of thee layers include Morella pilulifera, Acacia spp., Erica sop., Rapanea

melanophloeos and Ziziphus mucronata. There are dso severd identified taxa that
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are common to two rather than three of the layers in this group and smilarities can be
noted amongst taxa thet have been identified to family level.

The mgority of taxa identified in these layers are from foret and riverine forest
communities. There are some bushveld taxa, such as the Ziziphus mucronata and
Acacia spp. that are able to grow in both bushweld and forest vegetation. Ximenia sp.
is the only true bushved taxon found in the early post-HP layers. This taxon grows
in northern South Africa in dry regions and in vegetation that is more open than the
forest vegetation in which the mgority of the taxa are found. Evidence for riverine
vegetation is srong. It was anticipated that the river would have been present
throughout the MSA occupation of Sbudu Cave and therefore riverine vegetation
dements were not unexpected. Some of the identified taxa were, however, not
anticipated. Leucosidea sericea, for example, does not naturadly occur near the coast
(Fig. 62) ad a its closet (a Eshowe in northern KwaZulu-Nad) it is
goproximatey 30 km from the modern shoreline.  To the south a Fietermaritzburg it
is approximatedly 70 km from the coast. Its presence may lend support to the
identifications of the other taxa from further north in South Africa and together these
taxa suggest a different environment from that of today. Leucosidea sericea may be
an indication of cooler climates and its presence may indicate that the lowered sea
level of the Last Glacid affected vegetation didtribution. Leucosidea sericea is a
pioneer species that could have taken advantage of changes in climate caused by a
marine regresson during the colder stadid OIS 4. Between 60-55 000 years ago the
sea level would have been approximatey 50-60 m beow its current levd (Ramsay
1996) and such a drop would have exposed between about 2-10 km of currently
submerged land off the coast a Durban and to the north of Durban. Although this
was not a large regresson it would place the shoreline up to 25 km from the cave,
wheress it is currently only about 15 km from the cave. The more distant shordine
may have caused a drop in humidity enabling the growth of dry community taxa, such
as Ximenia §p. The lowered sea level would certainly have reduced the effect of sea
mig, if not dimingting it as afactor dtogether.
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Erica spp. are firs noted in the early post-HP layers. Erica caffra is a component of
riverine vegetation. This taxon is not found in the modern vegetation surrounding the
cave, but it is found nearby to the south in KwaZulu-Nata and, unlike Leucosidea
sericea, it does grow near the coast. Both taxa are particulaly common in the
Drakensberg dong rivers. Other taxa present in the early post-HP, such as Rapanea
melanophloeos, Calodendrum capense, Podocarpus spp., Ptaeroxylon inerme and
Morella pilulifera, are ds0 found in the Drakensberg foothills.  The identification of
Leucosidea sericea on its own may be interpreted as an indication of cooler winter
conditions because it grows in regions such as the Drakensberg and Gauteng that
receive frost in the winter months. It is possible that the vegetation was smilar to the
vegetation in the foothills of the Drakensberg. The suite of taxa in Eb and SPCA ae
particularly amilar to the Drakensberg taxa. Layer BSp does contain some of these,
but it dso has some different taxa that may indicate tha it is a trangtion phase
between the early and the middle post-HP layers.

In the quditative andyss the differences between BSp, and Eb and SPCA were
recognised and then confirmed by the results of the factor andyss. In the firg and
second factors (RF1 and RF2), layers Eb and SPCA were assgned smilar summary
datistics vaues. BSp was assgned a different vaue and it was placed in the middle
of the summary datidics indices This suggests tha there are more smilarities in
temperature and moisture between Eb and SPCA than there are between ether of
these layers and BSp. It further suggests that taxa identified in BSp display
gmilarities to taxa in the middle pos-HP, or that temperature and moisture were
intermedi ate between the two periods.

To explain further the differences and isolation of the BSp suite of taxa from those of
the other two layers | have examined the taxon occurrences in each of the three
layers. Leucosidea sericea and Nuxia sp. are the only taxa present in both Eb and
SPCA that are absent in BSp. Acacia spp. are present in BSp and continue into the
middle post-HP layers, however, a few Acacia spp. were dso noted in Eb. These
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changes in the assemblage probably contributed to the divison of BSp from the other
layers in the summary datigics. The factor analyss recognised a decrease in the
abundance of Erica spp. in BSp. This makes the assemblage appear more similar to
the assemblages in the middle post-HP layers, in which Erica spp. are less abundant.
There are, however, very few taxa that are present in both BSp (from the early post-
HP) and RSp (from the middie post-HP). Those that are present across these layers
are taxa that are present in most if not al other layers andysed. Interpretations that
rely upon increeses or decreases in taxon occurrence must be treated with caution
unless other changes in the assemblage that support the interpretation are gpparent. In
this ingance the decrease in Erica spp. appears to be supported by an incresse in
bushveld taxa and a change in the forest taxa present — from cool, moist forests to
warm, possibly drier vegetation types.

The factor andyss does, however, suggest some smilarities in the three layers, Eb,
SPCA and BSp, by assgning them samilar summary datisics vaues in the third
rotated factor. This places the layers a the same end of the indices, suggesting that

there are amilaritiesin the forest taxa that are present.

The correspondence andyss dso implies amilaities in Eb, SPCA and BSp by
grouping these layers on both the first and second axis. The andyss separated these
layers from the younger layers. On the firs and second axis in the correspondence
andysis no sgnificant difference was noted between BSp and the other early post-HP
layers. Differences between the early post-HP group and the middle post-HP layers
are more marked than differences within the early post-HP layers.

To summarise, many of the taxa present are currently found in forest communities in
KwaZulu-Nad and more specificaly in the foothills of the Drakensberg Mountains.
Evergreen taxa are prominent and there is strong evidence for the presence of the
river. There were some taxa from drier environments, probably open woodland

communities, but these are not numerous and are not represented throughout the
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layers. Plotting the first (temperature) and second (moisture) rotated factors againgt
eech other shows that the region experienced cooler conditions (dthough possibly
only in the winter months) than a present and the region would have been farly

moig, athough not necessarily more so than it istoday.

Middle post-HP (Layers RSp-MOD 55-50 000 years ago) - RSp, OMOD and MOD
lie within the period 55-50 000 years ago. These layers, grouped as the middle post-
HP, have been differentiated from the early post-HP using the charcod assemblage
contents. The middle post-HP layers contain more deciduous taxa than the early post-
HP layers do. Many of these are from the Fabacese family. Acacia species are
present throughout and in addition there are more environment specific indicators
such as the Albiza spp., Burkea africana and Afzelia quanzensis. All of these taxa
are found in bushveld habitats. Other bushveld species present in the middie post-HP
layers include Kirkia sp., Ximenia sp. and Pappea capensis. Pappea capensis, which
was identified in MOD, is found in Smilar vegetation habitats to the Ximenia sp. and
Kirkia sp. that occur in RSp. Pappea capensis is, however, widespread in South
Africa and is not as environment specific as the other taxa These identifications
indicate a dgnificantly drier dimate than is currently in effect in this pat of
KwaZulu-Nata. Forest taxa are present dthough they are less prominent than they
were in the preceding period. Of the forest taxa present, many are able to grow in a
range of forest types and their modern digtributions are not redtricted to KwaZulu-
Nata. There are dso some generdist taxa, such as the Briddia and Drypetes, which
could provide evidence for forest amilar to today’s forest dthough they could equaly
provide evidence for a different type of forest or even for bushveld. Briddia and
Drypetes have only been identified to genera and to provide more detailed vegetaion
descriptions species identifications wou d be required.

The factor andysis grouped these middle post-HP layers towards the warm and dry

ends of the summary datistics indices for RF1 and RF2, respectively. In each of the
satistica anayses, RSp and OMOD were placed closer to each other than they were
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to MOD. The taxa identified in MOD and its placement in the datigticd tests may
uggest it istrangtiond between the middle and late post-HP periods.

Late post-HP (Layers Ore2-Co 49-33 000 years ago) - Taxa identified in Bu, which
Is dated to about 35 000 years ago (Z. Jacobs pers. comm.), provide evidence for
vegetation smilar to tha in the region today. Many of the identified taxa such as the
Brachylaena, Phoenix, and Acacia are present in the modern vegetation. Each
andyss technique has shown that the suite of identifications in Bu differs from the
taxa in the other pos-HP layers. The quantitative anadyses recognised smilarities
between the Bu and HP layers. In the factor andyss both the HP layers and Bu were
assigned vaues that place them a the warm end of the temperature index. Although
there are amilarities between Bu and the HP layers there are dso differences. For
example, no Podocarpus species were identified in layer Bul.

In Bu Erica spp. are the only taxa that could indicate cooler climatic conditions.
Mogt of the taxa are from forest and/or bushveld vegetation communities. Bu was
assgned a low summary ddidic vaue in RF2 placing it a the moist end of the index.
In the quditative andyss it was noted tha many of the taxa are found together in
wetter niches, dong rivers and in ravines in drier regions such as Limpopo or
Mpumaanga. Taxa such as the Phoenix and Erica indicate the presence of the river.
High moidure avallability noted by the factor andyss and summary datisics could
be interpreted as the moisture availability of a specific niche from which these taxa
were collected rather than for the region as a whole. Modern environmenta data
show that many of the taxa in Bu are wide ranging and the data could be interpreted
in afew ways. A large number of Charcod Types was defined for the Bu assemblage
and many of these are not present in other layers andysed. Taxa from Bu may
therefore represent a ggnificantly different vegetation environment that is not wel
represented by the current reference material.
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8.2.2.3. Evidencefor culturaly influenced wood selection

The post-HP layers contain severd taxa that are good fuelwoods. Mogt gtriking is the
dominance of Acacia spp. and Erica spp. (when percentage frequencies are
measured). Both taxa are present throughout the early, middle and late post-HP
sequence.  Acacia is one of the most commonly used indigenous fudwoods amongst
modern societies in southern Africa whether in urban or rura contexts. This is partly
because the genus is ubiquitous in South Africa but dso because Acacia species are
an efficient wood because they produce good cods and thus sustained fire.  Acacia
species burn a even temperatures and do not produce noxious fumes that would
cause irritation to the eyes or contamination of food. The presence of Acacia species
in the assemblage suggests that fuelwoods were sdected with burning properties in
mind. It is ds0 posshble that Acacia species were present near the cave in rdativey
large quantities and that dead wood, ided for burning, was abundant. Erica species
aso burn well but these taxa do not produce sustained fire.  In modern communities
Erica gop. ae used as kindling. The plants are amdl with smal branches and the
wood burns quickly, making them an idedl source of tinder for garting afire,

The co-occurrence of Acacia and Erica suggest that these taxa were used during the
same occupations and possbly in combination in fires congtructed throughout the
post-HP. Percentage frequencies reved a different pattern. During the early post-HP,
Erica spp. are dominant in the assemblages and Acacia spp. are less well represented.
Subsequently there is an increase in the occurrence of Acacia spp. fragments and a
corresponding decrease of Erica specimens. The decrease in Erica spp. occurs during
ealy post-HP layers and into the middle post-HP. The incresse in Acacia spp. is
most maked in the middle post-HP layers. The factor andyss recognised this
pattern as one of the mgor underlying trends in the data set. It is interesting to note

that Leucosidea sericea is present when Acacia spp. are not as abundant. L. sericeais
aso agood fuewood which burns dowly.
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It is possble to speculate, on the basis of percentage frequencies, that MSA people
changed their wood-collecting behaviour through time. In the ealiex post-HP
occupations they relied upon smdl taxa and probably burnt wood for short periods,
while in the later occupations they gethered fuelwood that would have dlowed fire to
be sustained for longer periods. The perceived change in taxon use could be
atributed to a development in awareness of fuewood properties or a change in the
requirements that determined fud sdection.  Factors determining sdection may
include climatic conditions, the purpose of the fire or even group sze. If, however,
change in frequencies of Acacia spp. and Erica spop. were determined by culturd
section done one could speculate that the background taxa would have remained
amilar through time. There are some taxa present in al assemblages anaysed, but as
the previous discusson has shown there are many changes in taxon representation
and, importantly, some of these are environmenta indicators.

Fragmentation must aso be consdered as a possble explanation for the changes in
percentage frequency of Acacia and Erica species. It is currently not fully understood
whether fragmentation is haphazard or whether it is to some extent dependent upon
wood types. Experiments are being conducted to establish better the taphonomic
factors affecting charcod assemblages (Audtin 2004). The increese in Acacia and
decrease in Erica could be a random pattern tha is the result of fragmentation of
branches subjected to fire. It does, however, seem improbable that fragmentation
would produce the trend observed in the data  This pattern continues through severd
layers and does not appear random. The presence/absence data of other taxa in the
assemblage lends support to the environmental interpretations that have been

proposed.

Spirostachys africana, which is usudly avoided as a fuewood, may be present in the
assemblage.  This cannot be confirmed with the available reference materid because
Sapium integerrimum has very amilar wood anatomy. If Spirostachys is present it is
urprising, because it produces noxious fumes when burnt. It is unlikdy that it was
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knowingly collected or that it was collected in large quantities. It may have been
gathered accidentaly in bundies of wood collected from the ground. There are very
few gpecimens identified as SapiunmVSpirostachys, suggesting it wasn't a lage
component of the wood types brought to the site.

The remaning taxa are an assortment of plants that are mainly trees, athough there
are a few shrubs in the assemblage. 1t was not anticipated that shrubby taxa would be
prominent in the assemblage. The pam tree identification was aso unexpected.
Fird, it was assumed that palm tree wood was unlikely to survive as charcoa because
it is very soft and, secondly, that it was unlikdy to be brought to the ste for fue
because its soft loose structure makes it an unfavourable fuewood. It is possible that
the plant was brought to the ste for another, unknown, purpose (for example, making
rope) or that it was been incorporated accidentaly in the firewood.

Medicind uses of identified taxa were documented;, however, these data have not
been used to interpret this assemblage. It is possble that people used plants for
medicind purposes in the MSA but without concrete evidence for such use of plants
there is no basis for usng the data when discussng the MSA charcod assemblage.
The daa may be usgful in the future for interpreting the Iron Age charcod
assemblage from Sbudu Cave.

8.3. Palaeocenvironmental Proxies from the Middle Stone Age at
Sbudu Cave

8.3.1. Charcoal and Botanical Remains

In this section | compare the data from the charcod andyss with data from the
andysis of charred seeds from Sbudu Cave. Limited data avalable from pollen and
phytolith studies are dso drawn upon. All MSA seeds (with the exception of the HP
layers) from across dl excavated sguares were included in the andyss (Wadley
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2004). The seeds thus provide data for the sequence from 60-33 000 years ago
whereas the charcod provides views upon sections of the sequence between 62-35
000 years ago. The records for pollen and phytoliths are sgnificantly more patchy
than either the seed or charcoa sequences.

Six taxa are common to both the seed and charcod assemblages between 60 and 35
000 years ago. Of these, two are found to occur in the same layers. Acacia seeds and
charcoad occur in layers Su2-Mi, BSp2-BSp and YSp-RSp.  Acacia spp. were dso
identified in the pollen in layers B/G 2, BP and Or. An Ochna sp. was identified in
the charcod in Eb and in the HP layers. Ochna seeds have dso been identified and it
has been suggested that either O. pulchra or O. arborea are likely species (Wadley
2004). Seeds from these gpecies have very amilar anatomica traits and it may not be
possble to diginguish them. Other shared seed and charcod identifications include
Celtis spp., Phoenix reclinata, Ziziphus mucronata and Sderoxylon inerme. The
charcoa and seed assemblages contain Celtis cf. africana, whereas C. mildbraedii
was only identified in the seeds. Phoenix reclinata is a secure seed identification, but
the charcod identification is only a suggestion at present because pam taxa need to
be better documented in the reference collection before the identification can be
verified. Phoenix was dso identified in the phytolith assemblage. The seed and
phytolith specimens are both from RSp, whereas the charcod specimen is from Bu.
Ziziphus mucronata is present throughout the sequence of deposits in ether the seeds
or charcod. The identification of Z. mucronata throughout the MSA sequence can be
interpreted in two ways. Either it provides evidence for continuity in the vegetaion
through time or it is only present throughout because it is been able to withstand
cdimatic change and resulting changes in vegetation. The second suggestion seems
more likely because there are changes in the other taxa through time. In addition,
Ziziphus mucronata is widespread in southern Africa and grows in various habitats
and in diverse dimatic conditions. Sderoxylon inerme is present in most of the post-
HP sequence between 60-50 000 years ago. This tree is evergreen but can grow in a
range of niches induding coastd dune forest, coasta woodland or dry woodland.
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The occurrence of Ziziphus mucronata and Sderoxylon inerme throughout these

layers does not negate the evidence for environmenta change.

By combining the charcod and seed data detailed description of the vegetation can be
obtaned. The seed identifications include some smal understorey taxa such as
Rhoicissus rhomboidea and Asparagus sp. that are not present in the charcod
asemblage.  These taxa may have been collected and used as tinder; however, this is
not goparent from the charcod assemblage. The seeds were found in the early and
middle post-HP layers. The early pos-HP charcoad assemblages are dominated by
forest taxa Ther identification supports the charcod evidence and suggedts that the
foret was well developed, with canopy species, foret margin  species and
understorey  components. Buxus gpecies, which are dso understorey forest
components, are preserved in the charcoal.

8.3.1.1. Early post-HP

The ealiest layers between YA and BSp contain large quantities of Erythroxylum
seeds.  This period encompasses the layers | have grouped as the early post-HP.
Wood specimens of Erythroxylum emarginatum were collected once it had been
identified in the seed assamblage.  Although SEM images of this taxon have not yet
been taken, the wood has been charred and the anatomical characters have been
viewed usng incident light microscopy.  Erythroxylum emarginatum is not present in
the charcoa sampled from any of the layers. Its presence in the seeds contributes to
the evidence for forest vegetation. The Drakensberg taxa, so prominent in the
charcod assemblage in layers Eb and SPCA, are not evident in the seed assemblage.
Many of the seeds are found in the modern vegetation and do not provide digtinct
evidence for a change in vegetation.

In Wadley’'s (2004) second grouping, BSp2-BSp, there are dtrong indications for

forest vegetation in both the seeds and the charcod. This community may have been
dmilar to the current forest vegetation around the cave or to other vegetation types
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nearby in the KwaZulu-Natd region. Many of the taxa found in these layers can be
found in the Hawaan forest, north of Durban. The Hawaan forest is relatively dry
dthough it is within gpproximately one kilometre of the shordine. Bushveld taxa are
not common in ether the seed or charcod assemblage from BSp2-BSp. The Acacia
identifications may suggest the presence of woodland or bushveld near the forest;
however, some Acacia species are able to grow a forest margins and near rivers.
Other possble bushveld identifications incdlude Sderoxylon inerme, Manilkara sp.
and Ziziphus mucronata; however, these taxa ae dso able to grow in forest

vegetation.

8.3.1.2. Middle post-HP

Seed assemblages from layers YSp-BL display a smilar trend to the charcod
assemblages from layer RSp.  Deciduous taxa are more common while evergreen
forest and riverine fringe forest vegetation are gill present.  As in the charcod many
of the deciduous taxa are found in the modern vegetation. The seed assemblage does
not contain many taxa from northern South Africa  One exception to this is the
Ochna idertification. If it is O. pulchra it provides smilar environmenta evidence to
theKirkia sp. and Ximenia . present in the charcod.

OMOD and MOD seeds provide a digtinctly different signature from the charcoa
because evergreen taxa are dominant in the seeds while deciduous taxa are common
in the charcod. The suggestion of evidence for a wet phase (Wadley 2004) cannot be
supported by the chercod data, which contan many more bushved and dry

vegetation community taxa than isfound in the previous layers or in the seeds.

8.3.1.3. Late post-HP

Seed data for the late post-HP differ from the data provided by the charcoa for this
period. In the seed andyss (Wadley 2004) it was suggested that there was strong
evidence for dry vegetation, adthough the factor analyss on charcod recognised the

presence of taxa from moist niches. Unfortunately the data from both assemblages
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are limited. Charcod specimens currently grouped as Charcod Types may reved a
different image of the pal aeoenvironment once identified.

8.3.2. Botanical Remains and Fauna

Plug (2004) gives detal on severd macromammaian species that are not present in
the modern Sbudu Cave area and that have not been recorded either archaeologicdly
or higoricdly in KwaZulu-Natd. These are dl common in regions with more
grasdand and in drier savannah.  Plug (2004) likens the faund assemblage to the
fauna of the eastern lowveld and describes the assemblage as a Kruger Park type
fauna In this region conditions are dgnificantly drier than in KwaZulu-Natal today.
Many of the taxa in the fauna are aso present in Limpopo and east into Mpumaanga
She further suggests that the current continental fauna could have been present in the
Shudu Cave region if shifts in vegetation, caused by a lowering of sea levd, had

occurred.

Animas can provide some evidence for the ambient vegetation and climate but they
are adaptable and often widespread rather than niche specific. Giraffe is one taxon
that is farrly habitat specific. Its presence suggests that Acacia thornveld/woodland
must have been present in the cave vicinity. This is verified in both the charcod and
seed assemblages.  The tortoise was recognised as an indicator of warm and drier
conditions than the region receives today. Kirkia . in the charcod and the possble
identification of Ochna pulchra in the seeds support this suggestion.

Macrofauna ae generaly not very habita specific; however, shifts in animd
dispersd would, to some extent, corrdate with the shifts in vegetation. Idedly
independent isotopic Sgnatures are required to obtain more specific detail on climatic
conditions. Bone is being andysed (J. Smith pers. comm.) to acquire an isotopic
sequence.  In addition, microfauna may provide some niche specific information and
assd in devdoping a fuller image of the past vegetation and climatic conditions
aound Sibudu Cave. It was anticipated that many of the taxa present in the seed
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assemblage would aso be present in the MSA charcod. It can be hypothesised that
the differences between the assemblages are due to differences in the agencies of
accumulation and aso the different purposes for which wood and fruits are collected.
Seeds in the archaeologicd assemblage may be from more diverse environments than
the charcod because a range of accumulating agents could have deposited them in the

Cave.

84. The Contribution of Sbudu Cave data to Understanding
Palaeoenvironmentsin southern Africa during the Last Glacial

In the following discussion | assess whether the Sibudu Cave data correspond with
paaeoenvironmentd data for other regions in South Africa  There is limited
paaeoenvironmenta data for southern KwaZulu-Nata in which Sbudu Cave lies and
therefore | examine the broad climatic trends rather than changes in vegetation type
that may be very specific to the region or even to the Ste's immediate surrounds. In
generd, evidence from Sibudu Cave corroborates well with data from other dtes in
the summer rainfadl region of South Africa Discrepancies in data sets may point
towards evidence for locdised climatic changes or to interpretations that are based
upon locaised vegetation rather than climatic conditions as awhole.

8.4.1. Oxygen Isotope Stage 4 (OIS 4)

Border Cave and Rose Cottage Cave micromammaian and charcod data respectively
suggest that conditions were drier with increased grasdand vegetation in the east
(Border Cave) and more scrub taxa (Avery 1992) and Protea west of Lesotho (Rose
Cottage Cave) (A. Esterhuysen pers. comm.). At Rose Cottage Cave it may have
been cooler than it is currently. This suggestion is based on the decreased diversity of
taxa observed in the charcoa assemblage in the preHP layers (A. Esterhuysen pers.
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comm.). Sediment profiles a Voordrag and possbly the Port Durnford Formation (if
the date of 70 000 years ago is accepted) provide evidence for moister environments.

Shbudu Cave charcod is yet to be andysed from the pre HP and from the older HP
layers (excavated in 2004). It is hoped that the assemblages from these layers will
provide data for palaeoenvironments during OIS 4. The oldest layers analysed thus
far have adate of 61 000 BP and lie on the boundary between OIS 4 and OIS 3.

The Port Durnford sequence and Sibudu Cave charcod assemblage contain evidence
for Podocarpus species and both sequences have been interpreted as indicating
moister climatic conditions. In other Stes dry conditions are evident at this stage of
the Last Glacid. At Voordrag, for example, the accumulation of colluvium at about
50 000 years ago suggest conditions were drier.  Although the taxa from the HP
layers of the Sbudu Cave sequence have bean interpreted as evidence for moister
conditions, there is dso evidence, such as the Kirkia sp., for a drier community. It is
therefore suggested that the vegedion requiring higher moidure levedls may be
locdised within a region that, on the whole, has rdaively dry climatic conditions. A
moister climate would be indicated in the charcoa assemblage if wood was collected
from vdley forests, because this habitat is more likdy to support taxa with grester
moisture  requirements than an  exposed, wel-drained, habitat. Oasis-like
environmental conditions may mask the overdl dimatic conditions. This observation
can be used to emphasise the need for a combination of proxies to develop a detailed
view of the past vegetation and climate.

The preHP layers a Shbudu Cave will probably provide further evidence for
conditions during OIS 4. OIS 4 is currently not as well represented as OIS 3 by data
from Sibudu Cave or other stes in southern Africa. Seeds and fauna from the HP and
preHP will dso assg the current interpretation, which is based only upon the
charcod. The combined data sets may reved, for example, whether the moister
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conditions are a result of bias in the charcoa assemblage towards a moister niche, or

whether wetter conditions were present in the region as awhole.

During OIS 4 the winter rainfal region is characterised by moig conditions rather
than the dry conditions evident in some aess of the summer ranfdl. The moist
conditions indicated during the HP occupation a Shbudu Cave, may suggest
conditions were more smilar to conditions in the winter rainfal region. The presence
of Kirkia, however, does not support this suggestion and if conditions were smilar to
the winter ranfdl region, one would not expect the warm dgnature the Factor

Andysis provides for the HP assemblage.

8.4.2. Oxygen |sotope Stage 3 (OIS 3)

This period is better documented with more sequences from archaeological dtes as
well as nonarchaeologica sites such as Voordrag and the Tswaing Crater. In the
summer rainfal region there is drong evidence for a drier climate. Temperature
appears to have varied more than moisture athough at some dStes moister periods are
evident within the generdly dry regime. The HP occupation a Rose Cottage Cave
ends in OIS 3 and a this time conditions were a little warmer following a possible
drought phase that sraddies the OIS 3/4 boundary. By 59 000 years ago and
continuing into the pos-HP assemblage, forest taxa were present in the charcod
as=mblage from Rose Cottage Cave (A. Esterhuysen pers. comm.). At Border Cave
temperatures were constant throughout OIS 3 and the microfauna assemblage
indicates that the region was ggnificantly drier becoming drier ill towards the LGM
(Avery 1995). At Voordrag conditions were generdly drier between 56 000 and the
LGM but there was a wet and cool phase prior to 31 000 years ago during which time
sclerophyllous fynbos vegetation was prominent (Botha 1996). This vegetation type
is generdly confined to the southwest of South Africa or to the higher dtitudes of the
Drakensberg Mountains.  Its occurrence a Voordrag suggests a dgnificant shift of
vegetation belts (Botha 1996) as temperatures dropped towards the LGM. This phase
may coincide with layer Bu at Sibudu Cave as well as other late post-HP layers that
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have not yet been analysed. Layer Bu has been described as warm and wet rather
than cool and wet as was found a Voordrag. It was suggested that the high
proportion of unidentified Charcod Types in the charcod assemblage was an
indication of a dgnificantly different vegetetion community.  The identified taxa
suggest an environment Smilar to today; however, once the Charcod Types have
been identified this interpretation may need to be dtered. The vegetation evident a
Voordrag and the paaeoclimatic interpretation provides clues for the type of
vegetation that may have been present at Sibudu Cave and thus the plants that need to
be collected in the future for developing the reference collection. If, as Botha (1996)
suggedts, there was a 1000 m drop in vegetation belts by the time of the LGM, layer
PAL (at Voordrag), which is dightly older than the LGM, probably records the early
effects of this shift. Presumably vegetation around Sibudu Cave would aso have
contained more taxa that are currently found further inland and & higher dtitudes.

By examining a amplified vegetation mgp of southern Africa (Fig. 8.1) it is possble
to predict the effects of a lowered sea level and an dtitudind shift in veggtation. It is
possble that Sbudu Cave would have lan a the edge of the “Undifferentiated
buswvedd and woodland” and the “Afromontane and inland forest (with
grasdandffynbos)”, raher than in the “Coastd grasdand (associated with
forest/bushveld)” (van Wyk & van Wyk 1997). Predicting shifts in vegetation is
more complicated than merely projecting a lowered vegetation belt because factors
such as the underlying geology, river systems dope agpect and prevaling winds
would have influenced vegetation distribution and must be taken into account. It is
important to gather more data from Sibudu Cave and other nearby dtes within the
summer ranfdl region to edablish the extent and complexity of the <hift in
vegetation belts proposed by Botha (1996).

Tswaing Crater and Wonderkrater show that conditions were generadly cooler than

they are today and within OIS 3 there were a few warmer phases either Sde of a

cooler phase.  During the warmer episodes towards the end of OIS 3 savannah
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vegetation was prominent, whereas during the cooler phase forest developed. This
may indicate that the region was wetter and this period may be concurrent with the
cool, moist phase a Voordrag (discussed above). Absolute dates for Tswaing Crater
and Wonderkrater would assgt in corrdaing these dimatic fluctuations.

8.4.3. Corrdations between temperature and moisture records and the Sibudu
Cave summary statisticsindices

In other paaeocenvironmenta dudies temperature and moisure indices from
Summary Satigics were compared with temperature and rainfal records that show
evidence for globaly forced climate patterns (Thackeray 1992; 2002; Thackeray &
Avery 1990). These indices can help establish whether the patterns observed in the
archaeologicaly derived paaeoenvironmental proxies provide evidence for globa or
local climate changes. The Sibudu Cave charcod indices for RF1 (temperature) and
RF2 (moisture) have been correlated with the Vostok ice core temperature record
(Fig. 82) and the Tswaing Craer rainfdl proxy record (Fig. 8.3), repectively. The
technique is used to look for broad consstencies between the data rather than to
corrdate absolute changes in temperature or moisture. The rainfal record has been
used athough the Sibudu Cave index was interpreted as being influenced by moisture
availability and the index was probably dependent upon a series of factors in addition
to ranfal.

Shbudu Cave charcod data indicate warm temperatures associated with the HP
occupation at about 61 000 years ago. On the Vostok core index temperatures
remained cold between 70-60 000 years ago. This discrepancy may indicate that the
effects of the cold stadid were not very marked in South Africa or that the warm
indicator for the HP is anomdous. It will be easer to interpret this when the preHP
layers have been andysed. Charcod assemblages from mid and late post-HP show
that there was a dight temperature amdioration in the early pat of OIS 3. Summary
datisics suggest that during the accumulation of layer Bu conditions were warmes.
Warmer conditions (when compared with OIS 4 or the LGM) dso prevaled at the
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beginning of OIS 3 in the Vostok ice record and there were severd subsequent
fluctuations in temperature (Fig. 82). Layer Bu may fdl into one of the peaks in
temperature fluctuation.

The moigure availability index was plotted agangt the Tswaing Craer proxy ranfdl
record (Fig. 8.3). The Tswaing Crater records appear to provide contradictory
evidence to the evidence from Sbudu Cave that is, when rainfdl is highest a about
50 000 years ago a Tswaing Crater, the Shudu Cave data provide evidence for the
driest period. The dries rainfdl period a Tswaing Crater correlaes with the period
a Sbudu Cave when taxa dependent upon moisture are most prominent in the
assemblage.  The driest phase a Tswaing is thought to date to 61 000 years ago,
corrdaing (by date) with the HP layers from Sbudu Cave. The indication from
Sbudu Caveisfor moister conditions at thistime.

Clarke et al. (2003) have corrdlated the Tswaing dry phase with the development of
the colluvium at Voordrag (P on Fig. 2.7), which is dated to 56.5 +5.2 ka (Clarke et
al. 2003). This appears to be a large discrepancy in time. If the same procedure was
folowed for the Sbudu Cave data, the HP layers and/or the early post-HP layers
from Sbudu, could dso be corrdaed with these dry phases. Charcod from layer
BSp and the HP layers a Sbhudu Cave have a smilar age to the dry phases observed
a Voordrag and Tswaing, respectivdy, but the summary datistics indices for these
layers suggest intermediate moisture and high moidure availability. Evidence for the
drying phase is strongest during Eb and SPCA at Sibudu Cave.

8.5. Summary

It is dear from the discusson presented above that the Sbudu Cave charcod record
gppears to display evidence for changes in vegetaion that were, to some extent, a
product of more widespread changes in climate. For example, the drying trend
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observed at the boundary between OIS 4 and OIS 3 appears to be reatively
widespread. It is adso gpparent that the charcoad assemblage records evidence for
locdised changes such as the indication of high moisure avalability during the HP
occupation. Some of the apparent discrepancies may indicate that the vegetation
across southern Africa responded to globd climatic shifts in a variety of ways. There
ae severd posshble explanations for the gpparent discrepancies in the data  Fird,
paaeoenvironments may have varied sufficiently across southern Africa to produce
different climatic sgnatures.  Secondly, it is possble that the proxies used ae
recording evidence for microcdimae rather than globdly affected climatic changes.
Thirdly, the discrepancies may be a product of the resolution of the absolute dates
avalable. Secure absolute dates for this period of the Last Glacia are a result of
relatively recent advances in dating techniques. Shbudu Cave and Voordrag are
among the firg to benefit from the application of these new techniques. As more
accurate dates become avalable for previoudy sudied dtes and  new
paaeoenvironmental dudies are undertaken in South Africa, especidly in regions
where there are rdatively few records for the Last Glacid, gaps in the evidence will
be filled and explanaions for the tempord and spatia discrepancies discussed here
should become apparent.
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CHAPTER 9. CONCLUSONS & FUTURE RESEARCH

9.1. Introduction

The primary am of this research, outlined in Chepter 1, was to identify and
characterise evidence for environmental change using the charcod assemblage from
Middle Stone Aga (MSA) layers in Sibudu Cave. Research was undertaken with the
awareness that charcods from archaeologica contexts are essentidly a result of
human adtivities and therefore provide a biased view of paaeovegetation and
palaeoclimate. Sibudu Cave provided an excellent opportunity to assess the nature of
environmental data that can be obtaned using charcoa assemblages from MSA
contexts. The sSite contains MSA deposits that have been dated between about 62 000
and 33 000 years ago (Wadley & Jacobs 2004; Z. Jacobs pers. comm.), and

occupation was therefore within the Last Glacial.

9.2. Glabal climatesduring the Last Interglacial/Glacial cycle

Globd evidence suggests that the height of the Last Interglacid was at about 125 000
years ago. Climaic conditions were smilar to or a litle warmer than current
conditions in many parts of the world and sea levels were aso a about the same leve
or a little higher than they are today. Between 125 000 and 75 000 years ago
conditions became gradualy cooler towards the onset of the Last Glacid at about 75
000 years ago. During this cooling period severd fluctuations in sea leve, with high
stands a 100 000 and 80 000 years ago (Shackleton & Opdyke 1973), have been
recorded suggesting climatic fluctuations sgnificant enough to affect continental ice

172



sheets. The beginning of the Lagt Glacid a 75 000 years ago is marked by a
ggnificant cooling period coinciding with the expanson of continentd ice sheets and
a globa sea leve regresson.  After 60 000 years ago there was a warmer phase
during which time sea levels rose again, dthough not as high as they are today. This
warmer interstadial, Oxygen Isotope Stage (OIS 3), lasted about 30 000 years. In the
northern hemisphere there is evidence for brief warming and cooling episodes (Lowe
& Wadker 1997) within the interstadia but conditions remained glacid. By 30 000
years ago conditions began deteriorating towards the Last Glacid Maximum (LGM)
a about 20 000 years ago, when sea levels were sgnificantly lower and conditions
became cooler and drier.

9.3. Evidence for changes in climate during the Last
I nterglacial/Glacial cyclein South Africa

Pdaeoenvironmental  proxies from achaeologicd and nonarcheeologicd  Ste
contexts indicate that the effects of globad climatic changes during the Last
Interglacid/Glacid cycle were fdt to varying extents across South Africa  There is
evidence for changes in shordine between the Lagt Interglacid, when sea levels were
higher than they currently are, and the LGM, when sea levels were dgnificantly
lower. Pdaeoshordines that lie offshore, ees of Richards Bay (Ramsay 1996),
preserve evidence for shorelines lower than the modern shorelines. During the Last
Glacid these lowered sea levels would have resulted in changes in the coastd profile
around the subcontinent, with wide expanses of currently submerged land exposed in
the Cape to the west of Port Elizabeth. Along the Transkel coast the continentd shelf
is steeper and the coagtd profile would have dtered very little, whereas further north
the continental shelf becomes wider and less steep, dthough it is not as shdlow here
as it is in the Cgpe. Huctuations in sea levd would have had varying impacts upon
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the geomorphology, vegetation, and didribution of fauna and the occupants of a
region due to variations in the onshore and offshore topography around South Africa.

Prior to the Lagt Glacid the winter rainfdl region may have been wet with bushy
vegetaion present in many aress.  Sites with depodts from the Last Interglacid ae
rare but those that do have deposts from this period contain evidence for fauna and
climatic conditions that are smilar to today. The oldest deposits & Boomplass may
date to about 80 000 years ago and in these layers the suite of fauna is more smilar to
fauna recorded higtoricdly in the region than it is to the younger MSA deposits a the

gte,

Data from many gtes in the winter rainfal region indicate that during the Last Glacid
conditions were colder and wetter, with more extensve grasdand habitats, than
during the Last Interglacid or today. Grasdands were probably prominent on the
coadtd plain that would have been exposed as a result of the marine regression.
Fauna assemblages are dominated by grazing ungulates.  Evidence for wetter
conditions is supported by larger molerat body sizes, while Saunderss vie ra
provides support for cooler conditiors. There is evidence for some vaiation within
this pettern; however, this may be due to microdimatic changes influencing the
composition of the archaeologica assemblages rather than providing evidence for
more broadly fdt dimaic fluctuations. ~ Towards the end of the Last Glacid,
conditions became cooler and drier than they had been previoudy. This is evident
from a lack of woody taxa and the increased prominence of shrubland, such as at
Boomplaas a 32 000 years ago. The occurrences of Saunders's vie rat, which
increases during the LGM, and forest shrew, which decreases a the same time,
suggest conditions became progressively cooler and drier. The first cold stadid (OIS
4) of the Last Glacid, between 75 and 60 000 years ago, was characterised by cool
and moigt conditions, whereas the second cold dadid of the Last Glacid (OIS 2
encompassing the LGM) appears to have been cooler and drier, indicating more

extreme conditionsin many regions.
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Proxies from Elands Bay Cave in the Western Cape provide dightly anomaous
environmenta evidence. Charcod identifications have been interpreted as indicators
of wetter conditions. The region may have been subject to perennid rainfdl rather
than the winter ranfal it recelves today. Faunas present in the archaeologica
asemblage suggest it was cooler than at present.  The implications from Elands Bay
Cave are that the Western Cape may have been subject to a different climatic regime
from the rest of the winter ranfal region. To summarise, the ngority of Stes in the
Cape region experienced cooler conditions but eastern areas became dgnificantly

drier, while the west received more rainfdl.

Summarisng paaeoenvironments of the summer rainfal region is more complicated.
The aea is dgnificantly larger than the winter rainfdl region and indudes a diverse
range of vegetation biomes through which the archeeologica dtes ae widdy
digpersed.  One of the man limitations of andysng daa from this region is
establishing whether the changes doserved in the vegetation or fauna are localised or
whether they are the result of climatic changes that are felt across the whole region.
The reactions of vegetaion within diverse biomes and ther associated faunas to
changes in dimate may vary. For example, a forest such as the forest near Sbudu
Cave will survive a dry phase because it is focussed on the river. Extremdy dry
regions with little vegetation will dso not be affected dramaticdly by a dry phase
because the exising vegetation is adapted to these conditions. The intermediate
woodland and grasdand savanna vegetation types are more likely to be affected and a
dry phase may result in a reduction of tree vegetation cover and an increase in shrubs.
Broad trends, many of which appear to be the result of widespread climatic changes,

are summarised below.
In northern KwaZulu-Natd, at Border Cave and Voordrag, there is evidence for drier

grasdand environments during OIS 4. The Howiesons Poort (HP) occupation a
Border Cave was between 60 and 80 000 years ago (Grin & Beaumont 2001) and
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during this time grasdand vegetation developed, temperatures and both seasond and
annud rainfdl decreesed, and the Summer Aridity Index (SAl) increesed. At
Voordrag, dry conditions (indicated by colluvium accumulation) are recorded as
pulses 100-95 000, and at 56 000 and 31-28 000 years ago (Clarke et al. 2003). At
Rose Cottage Cave the pre-HP occupation contains a limited charcod assemblage
indicating cooler and drier conditions (A. Eserhuysen pers. comm.) and thus
provides supporting data for cool, dry conditions during OIS 4. The HP lithic
industries at Rose Cottage Cave and Border Cave coincide with these dry, cool
conditions. Layers associated with post-HP lithic indudtries a these Stes indicate that
a dightly warmer period followed. At Rose Cottage Cave the area may have become
a little moister because there is evidence for forest vegetation, while a Border Cave
drier environments are evident by 40 000 years ago. Tswang and Wonderkrater
support the evidence for dightly warmer conditions during OIS 3, dthough at
Tswaing a cooler phase is evident prior to 40 000 years ago during which time
Podocarpus forest was able to develop (Scott 1999). Secure absolute dates are not
yet avalable for these deposts and therefore their exact placement in the Last Glacid
remans uncertain.  In generd, conditions a both Stes were dry and in particular the
region would have been dggnificantly warmer during OIS 3 than during the
subsequent LGM.

Although there is a generd pattern of dry conditions during the Last Glacid there are
severa dtes that provide evidence of wetter episodes that vary geographicdly and
tempordly. These wetter phases may be rdatively localised and may not be a result
of globad changes in climate. Wetter conditions are recorded at Port Durnford a
about 70 000 years ago (dthough the date for this dte remains uncertain) and a
Voordrag a 42 000, 40 000 and 36 000 years ago. Conditions were aso coal,
enabling fynbos eements to move into the Voordrag region in northern KwaZulu-
Nata from the higher dtitudes of the Drakensberg.
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Conditions during the Lagt Glacid in both the winter and summer ranfdl regions
were generdly cooler than they ae today, with wetter conditions that gradudly
became drier in the Cape, and drier conditions with wetter phases in the east and
northern parts of South Africa. On the bads of this evidence it was hypothesised that
the Sbudu Cave region would aso have experienced climatic conditions that were
different from those in the region today and that these should have affected the
vegetation in the dte vicinity and the woody taxa available for the dte occupants to
collect. Sibudu Cave was ided for a paaeoenvironmental reconstruction because a
range of environmentad proxies were being studied by other researchers and the
charcod interpretations could be assessed againg the results of these other
environmenta indicators.  In addition, some of these proxies are less influenced by
human activities than archaeeological charcod assemblages, and the range of proxies
provide information on different aspects of the paaeoenvironment. All these sources
of data could be drawn together to present a broader image of the palagoenvironment
induding vegetation, fauna and climate.

9.4. Evidencefor climate change usng palaeoenvironmental proxies
from Sibudu Cave

9.4.1. Macrofauna, seeds, phytolithsand pollen

These environmental proxies suggest that conditions were dry by the beginning of
OIS 3. These conditions continued throughout the post-HP occupation of the ste.
The faund assemblage contains giraffe and tortoise, which indicate the presence of
svanna grasdand vegddion.  This in turn suggests dgnificantly drier  dimatic
conditions than the area receives today. This is confirmed by Acacia sp. that were
identified in the seed, phytolith and pollen assemblages. The possbility tha Ochna
pulchra was in the area dso supports the evidence for a drier than present vegetation.
Severd animds that are not currently or historicaly recorded in the Sbudu Cave
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region are present in the archaeologicd assemblage.  Blue wildebeest, sablefroan,
impaa and waterbuck, which are more commonly found in northern KwaZulu-Natal,
are present in he MSA layers. The suite of animas in the macrofauna assemblage is
gmilar to the fauna found in the Kruger Nationd Park in the eastern Lowved of
South Africa  In this area conditions are warm and less humid then in KwaZulu-
Natd where Sibudu Cave is located. The seed assemblages from the sSte do not
contradict this interpretation, but rather contribute to the image of the past vegetation
and climate. Evergreen taxa are common in the seeds. Many of these are from forest
vegetation communities and some are understorey components suggesting that the
forest was well developed. Many of the taxa are present in the modern vegetation
and it is therefore likely that this forest was Smilar to today’s forest. The seed
assemblages may provide evidence for a drying trend in the MSA layers above RSp.
More deciduous seeds are present in these younger layers (with the exception of
OMOD), but these are dso present in the modern vegetation community and may not
necessarily imply vegetation change.

9.4.2. Charcoal

The Sbudu Cave charcod andlyss shows that during the HP occupation the region
experienced high moidure avalability.  This was shown both in the descriptive
andyss and in the datigticd andyses of the HP layers. A temperature index
produced usng summary datistics suggests that conditions were warm. It is difficult
to compare this temperature indication with modern temperatures for the region
because the index is based on the charcod assemblage for which there is no modern
equivalent. However, usng the taxa present it is possble to suggest that conditions
were warm and wet, dthough the region was probably not warmer than it is today.
Podocarpus spp. and Buxus sp. provide evidence for mesc forest vegetation, while
Kirkia sp. indicates the presence of a warmer, dry vegetation community beyond the
forest.
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During the early post-HP occupation (about 60-55 000 years ago) there was a change
in the charcod assemblage that has been interpreted as a change in environmentd
conditions in the gite vicinity. Modern digributions of the taxa present and the
summary datistics suggest that conditions were drier and cooler than during the HP
occupdion. There is drong evidence for a riverine fores community (Erica spp.,
Leucosidea sericea, Rapanea melanophloeos and Briddia spp.) and there are some
taxa that are currently only found further inland in regions that can be seasondly cold
(Leucosidea sericea). Some of the taxa can be found in the foothills of the
Drakensberg. This may suggest that a sgnificant shift in vegetation zones occurred
a the end of OIS 4 and the beginning of OIS 3. Such a shift may have resulted from
changes in sea leve. A lowered sea level would not have draméticaly changed the
profile of this sretch of coast becase of the rdatively steep offshore topography;
however, it may have been sufficient to reduce the amdiorating influence of the coast

upon the area and thus changes in vegetation may have occurred.

The middle post-HP layers (55-50 000 years ago) contain more bushveld and savanna
taxa than the previous layers. This suggests that conditions were drier and the
vegetation was perhaps more open than it was during the accumulation of the
assemblages associated with previous occupations.  This drying trend appears to be
consstent with the changes observed a Border Cave, where grassand also increased
during thistime.

The late post-HP occupation was analysed through one layer (Bu) only and therefore
the interpretation of the find MSA occupation of Sibudu Cave is necessarily limited.
Many of the identified taxa in this layer are found in the region around the dte today.
This suggests that the cdimae and vegetation may have been smilar to the current
conditions ~ Riverine fores taxa dominate the Bu sample  The Kirkia sp.
identification may be interpreted as evidence for a drier community that is not in
exigence today. The summary datistics placed layer Bu a the warm and moist ends
of the temperature and moidure indices In addition, both the factor anayss
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(summary datigics) and the correspondence anadlyss group layer Bu with the HP
layers. It is concluded that this is because there are some taxa that are common
between these layers. There are perhaps more taxa common to Bu and the HP layers
than there are between these layers and any other layers andysed thus far. There are,
however, many taxa that are not common to Bu and the HP layers. For example,
Podocarpus spp. and the Rubiaceag/Apocynacese identifications, common in the HP
layers, are absent from Bu. In addition, Bu contains many Charcod Types that are
currently unidentified and most of these are only present in Bu. It will be necessary
to andyse charcod from other HP layers and from the late post-HP layers to establish
whether the smilaritiesinitidly recognised are redl.

The charcod andyss dso reveded an interesting peattern that can be explained in
severa ways. Erica spp. and Acacia spp. were commonly identified taxa in al post-
HP layers. The analyss reveded that while Erica spp. decreased through time (oldest
to youngest), Acacia spp. increased through time. This observation is based on
percentage frequencies of these taxa; however, it is possble to speculate on severd
scenarios that could have produced this pattern. The suite of taxa in the charcod
assemblages from middle post-HP layers suggest an overdl increase in bushved taxa
In particular, taxa from the Fabacese family become more prominent. There is a
corresponding, but less marked, decrease in the accurrence of riverine and forest taxa
This combined pattern of percentage frequency and species occurrence could be a
result of a change in wood collecting behaviour (driven by socid choice, change in
collecting location, or a change in the purpose for which wood is collected). It could
adso be indicative of a red change in the vegetation around the cave (driven by
changes in dimate) or it could be a result of sampling bias. It is difficult to diminate
any of these suggestions a present and it is possble that the results of further
charcod dudies will assig by filling gaps and dther drengthening or refuting this
apparent trend.
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95. Summary

In Chapter 1 it was hypothesised that wood incorporated into the Sibudu Cave MSA
asemblage was predominantly collected for fud and that the assemblages would
therefore be biased towards good fuelwoods. Direct evidence for wood-usng
activities a the dte are limited to fud burning in hearths. There is some secondary
evidence for haft manufacture; however, it is difficult to establish whether taxa in the
charcod assemblage are remnants of these activities. It was assumed that whether
wood was consdered a good source of fud or not was based primarily upon the
physical properties of the wood rather than upon socid congructs that are not visble
through the MSA archaeologica assemblage. It was further assumed that woods
documented to be good fud today would have been collected, if available, in the past.
Several woods that are currently used for fuel are present in the Sibudu Cave charcod
asemblage. These include Erica spp., Acacia spp., Leucosidea sericea, Ptaeroxylon
obliguum, and Buxus sp. The HP layers are anomalous because good fuewoods are
not prominent components of their assemblages. In dl other layers andysed
fuewoods are prominent or even dominant. The most prominent taxa in the HP
layers are Podocarpus spp. and a Rubiaceag/Apocynacese taxon. These may have
been collected (or sdected) for fud; equaly, they may have been brought to the ste
inadvertently or they may have been sdected to fulfil another purpose.  The
assumption appears to be accurate for most layers, however, there are many taxa in
the samples that are not considered good fudwoods. In addition, the relativdy high
diversty of taxa in each layer suggests that wood sdection may not have been as
important during the MSA as was origindly anticipated.

The second hypothess made in Chapter 1 concerned the extent to which the
archaeological charcod would resemble the vegetaion environment around the cave.
It was acknowledged that direct comparisons between the percentage frequencies of
taxa in the sample (or even the assemblage) and taxa in the environment cannot be
made. It was, however, assumed that the mgority of taxa would have been collected
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from the near vicinity of the dte. The taxa present suggest that severa vegetation
habitats, including forest and savanna, were exploited for wood collecting. There is
no strong evidence that specia woods were collected from distant sources. In each
layer andysed the suite of taxa can ether be found growing together in communities
today or in habitats that are found in close association (as in the case of the Kirkia sp.
and the Podocarpus spp.). Some taxa that today are not present in the region and that
only grow in northern South Africa were identified. Rather than suggesting evidence
for (absurdly) long distance transport, these taxa, when placed in the context of dl the
other charcod identifications and environmental proxies, were interpreted as evidence

for climate and vegetation changein the area

The third hypothes's is closdy linked to the second. In this scenario | suggested that
changes in the charcod assemblage should provide evidence for environmentd and
climatic change. To some extent this is true. There are changes in the combinations
of taxa present that must be rdated to climatic change. For ingtance, Leucosidea
sericea is not currently found in the area.  In the early post-HP byers, its association
with other taxa currently found in the Drakensberg foothills implies that conditions
may have been more seasond than a present, with frost in winter. Clear differences
between taxa in the HP layers and dl other post-HP layers have aso been interpreted
as evidence for environmentd change. This dudy has identified instances when
differences in the charcod assemblages might be a result of behaviourd changes
(such as the fluctuations in the occurrence of Acacia spp. and Erica spp.) rather than
climatic changes. It was suggested that percentage frequencies could not be used as
evidence for changes in vegetation and these taxa provide a good example of
problems that might arise. It is sometimes difficult to decipher the causes of changes
observed in the charcod assemblage and there may be instances where this is not
possible using charcoa dataaone.
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9.6. Directionsfor Future Research

Several aress of research that are under-represented in paaeoenvironmenta studies in
South Africa were noted during this project. It became clear during the literature
search that data for the LGM and younger sequences exceed the quantities of data
avalable from gtes daing to the Lagt Interglacid/Glacid cycle.  This is to some
extent, a result of better preservation and higher dating resolution in the younger
dratigraphic layers of dtes than the older contexts. Recent development of new,
more accurate, techniques for dating archaeologicad contexts (particularly for deposts
beyond the limit of 14C dating) have improved the potentid for paasoenvironmenta
interpretations for stes with depodts from the Lagt Interglacid/Glacid cycle. These
techniques, such as sngle gran Opticdly Stimulated Luminescence deting, should
dso facilitate comparisons of data from different Stes. It is now necessary to ensure
that the palaeoenvironmental data, published prior to the acquisition of the new dates,
are reassessed and perhaps even reinterpreted in light of the new dates available. For
many dtesin South Africathis has yet to be done.

Reaults of the Sibudu Cave research and other paaeoenvironmenta dsudies have
shown that paaeovegetation and climatic conditions during the Last Glacid were not
homogeneous across South Africa or within the summer rainfdl region. It gopears
more likey that globd dimatic shifts ater the Lad Interglacid manifes in various
ways and to differing extents across South Africaa.  These sudies dso show that by
usng a range of different proxies from different gtes it is difficult to reach consensus
on the changes that have occurred and the extent of these (whether changes in climate
or vegetation). A review of the avalable paaeocenvironmentad data (including a
discusson of dates that should be used and those that need to be reassessed) for dtes
across South Africa is required. This should be a collaborative effort carried out by
specidigts to ensure that the interpretations of proxy data are accurate. Such a
collaborative review could be wused to idetify gaps in the exiding
pal aeoenvironmental records and potentia avenues for future research.
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The current research has highlighted severa areas for further exploration through
charcod andyss. The HP layers, for example, provided evidence for a digtinctly
different charcod assemblage from the assemblages in other layers. As it is currently
uncertain whether these differences are a result of changes in dimate and vegetation,
changes in wood use or wood collecting behaviour, or whether they are a result of
sampling bias, it would be vaduable to andyse HP charcod from other excavation
units to establish whether the pattern is present throughout. Pre-HP charcod may
ads assg in esablishing whether this trend continues into the older layers or whether
it is confined to the HP layers Andysing charcod from pre HP, HP and post-HP
assemblages from other archaeologica dStes in southern Africa will be necessary to
ascertain whether the pattern is confined to the Sibudu Cave assemblage a whether it
is apparent in other charcod assemblages, and thus whether it is a widespread
environmenta change or a locdised occurrence.  There is limited data currently
avallable from Rose Cottage Cave and further charcod andysis could be caried out
on the MSA assemblage from that Ste. Many stes in southern Africa do not contain
pre-HP, HP and post-HP deposts, however, by anadysing charcoa from gtes that are
in close proximity it will be possble to piece together information for an area.  Using
charcod assemblages done it may not be possble to determine if the pattern is a
result of changes in environmentd conditions or whether it is culturdly driven. It
may be necessary to use evidence from other proxies. Isotopic analyss of bone and
even charcod may hep resolve this by providing a view on the environmenta
changes that is not biased by human selection processes.

This project has highlighted the need for a well documented, and comprehensive,
reference collection. There are a large number of Charcod Types that cannot
currently be identified and it is probable that many of these are absent from the
compardive collection. It has dready been suggested that there may be shrubs within
the assemblage and therefore shrub taxa provide an obvious area for expanson of the

collection. It is adso possble that the assemblage contains young branches.
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Identifying these may not be possible because of their heterogeneous wood anatomy.
It is important to explore this further because a dominance of young branches in an
asamblage would indicate a different collecting drategy from an assemblage in
which mature wood specimens are dominant. Expanding the reference collection is a
long term project and it is intended that the collection should be made avallable,
through publication, to other researchers in South Africa and elsewhere.  The
importance of clearly documenting wood anatomica characters has dready been
discussed in Chepter 4 and this should be an integra pat of expanding and
publishing the reference database. It is hoped that this work will lead to charcod
andyss becoming a more routine pat of postexcavaion andyss A wdl
documented reference collection for South Africa will ultimately dlow the emphass
of charcod research to be placed on interpreting the assemblages rather than the
process of charcod identification.
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