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Introduction

The emphasis of this project was the development of a new technique in climate
reconstruction using wood charcoal recovered from archaeological sites. Incorporated
within this design is the reconstruction of the climatic history of the last 2000 years in
the summer rainfall area of South Africa.

The main objectives of the project were:

1. The positive identification of the most common tree species represented in the
archaeological record over the last 2000 years using the wood charcoal from
archaeological fires.

2. A study of the anatomy of a contemporary wood sample to determine the relationship
between wood anatomy and climate.

3. Using the relationship between rainfall and wood anatomy, to reconstruct the
climatic history of the summer rainfall area.

Rationale for this project

Climate change, whether natural or anthropogenic will have important effects on water
availability. In southern Africa where large agricultural districts are in marginal rainfall
areas these changes can and do have significant socioeconomic consequences. To
assess the socioeconomic implications of climate change an understanding of the range
of climatic variation which can be expected in the future is required. Such projections
are made on the basis of what has occurred in the past. At present regional rainfall data
sets do not extend over more than 100 years (35 stations in 1880) and register relatively
short oscillations of climate (Tyson 1986). Since all climate research in South Africa is
based on this very limited data set, the interpretation of results is uncertain.

In the northern hemisphere, dendrochronology provides a good climate record going
back in time for thousands of years. The longest available tree ring sequence for the
summer rainfall region of South Africa is that described by Hall (1976) for a single
Karkloof, Natal Podocarpus falcatus specimen dating back to the thirteenth century. In
an assessment of the dendrochronological potential of South African indigenous tree
species, Lilly (1977) concluded that a combination of very indistinct growth rings,



discontinuous rings, indistinct boundaries and deceptive macroscopic ring patterns
makes tree ring analysis in South Africa very difficult.

According to Lilly (1977) complete sections of trunk have to be used in order to
determine a tree ring series from South African trees. Despite this, attempts to obtain a
corroborative series for the Karkloof Podocarpus specimen failed because of a lack of
definition in the rings of the trees felled for the study (Tyson 1986).

This report describes an original method of climate research which provides a new
means of obtaining reliable proxy climatic data beyond the reach of the historic record.

Xylem analysis

During the process of transpiration, trees conduct water and dissolved minerals from
the roots to the leaves via vessels and tracheids. Minerals and water are stored in a
separate group of cells (parenchyma) which also serve as depositories for waste
material such as dissolved silicates. Trees and shrubs require mechanical support which
is attained by yet another group of cells the fibre cells. It is the characteristic
arrangement of these various groups of cells in both horizontal and vertical planes that
makes it possible to identify wood to genus or species level. Wood when burned
maintains its anatomical structure so that wood charcoal can also be identified to genus
or species level by the characteristic arrangement of different cell types (February
1992).

Wood anatomists have increasingly emphasized the extent to which vessel size and
number varies with climate (Carlquist 1977, Baas & Schweingruber 1987, Wilkins &
Papassotiriou 1989). All of these studies show that vessel size decreases while vessel
frequency increases with increasing drought. It was Scholtz (1986) who first realized
that measurements on the wood anatomy of charcoal from archaeological sites may be
related to climate when compared to the same measurements on an extant sample from
areas with known temperature and rai'nfall.

The present project is a systematic application of Scholtz's (1986) methods designed to
test the precision and practicability of his hypothesis. The project addresses three
questions:



(1) What relationship can be found between vessel size, vessel frequency and climate?
If so, what approximately is this relationship?

(2) Do the same factors hold true for fresh wood and charcoaled wood? If so, can one
use analyses of vessel size and frequency in wood charcoal to determine changes
in rainfall or temperature?

(3) In a reconstruction of climate change using Xylem analysis of wood charcoal what is
the precision with which one can reconstruct rainfall from the archaeological
record?

To answer these three questions, the charcoal from 12 archaeological sites is identified
as a first step. Once the wood has been identified, data are presented which indicate that
vessel size of Protea sp. and Combretum apiculatum increases while vessel frequency
decreases with increasing rainfall. A further set of data is then presented which shows
that this relationship is still evident when wood is charcoaled. Finally, using the
charcoal from archaeological sites, this relationship is used to determine oscillations in
rainfall through time.

Charcoal identification

Positive identification of the charcoal recovered from archaeological sites was achieved
by comparison with identified modern samples. Woody species growing in the vicinity
of the archaeological sites were sampled to provide this extant reference collection. In
identifying the most common woody species in the archaeological record, the wood
charcoal from seven archaeological sites in Natal and five sites in the Transvaal was
superficially examined. Sample sizes varied from 20 pieces to 390 of charcoal at any
given site. The results of the charcoal identification recognized Acacia sp., ?Buddleia
sp., Combretum apiculatum and Protea sp. as important species in the archaeological
record. The difficulty of precise identification of fossil charcoal meant that not all
charcoal could be identified to genus level, hence the ? before Buddleia.

Modern_sample

As previously discussed a number of studies have shown the relationship between
vessel size, vessel frequency and climate. In the present study the wood anatomy of a
number of trees and shrubs was analysed across a rainfall gradient in order to determine
the relationship between vessel size, vessel frequency and rainfall for a number of
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woody species endemic to the summer rainfall region of South Africa. In this analysis
the cross sectional xylem anatomy of Acacia tortillis, Acacia karoo, Acacia nilotica,
Combretum apiculatum, Protea roupelliae, Protea caffra and Buddleia saligna was
related to rainfall.

Results: modern_sample

The results for the Acacia karoo and Acacia nilotica sample indicate a general tendency
for vessel size to increase and vessel frequency to decrease with increases in rainfall.
Sample sizes are however, too small to obtain statistically significant results. Results
for the much larger sample of Acacia tortillis do not, however, show any statistically
significant trends.

Table 1. Mean values and standard error for radial (Radv) and tangential (Tangv) vessel
diameter and number of vessels (Numv) for Combretum apiculatum across a rainfall
gradient within the research area. **, *** and **** denote significant differences
between means at P<0.01, 0.001 and 0.0001 respectively.

Location N Rainfall Radv Std Error Tangv Std Error Numv Std Error
in mm in pm in pm in pm in gm per mm2 per mm

Messina 12 281 106.6 5.5 94.1 4.7 28.3 1.5
Letaba 9 385 92.0 4.1 81.0 2.6 33.0 2.6
Serala 9 400 99.3 4.5 86.4 2.9 23.5 1.2
Bourkes Luck 10 401 103.6 4.1 84.0 3.7 27.2 2.1
Dzata 6 412 103.8 5.8 86.7 1.5 28.0 3.1
Phalaborwa 10 420 99.3 6.0 85.2 3.4 27.5 2.1
Pafuri 10 434 102.6 7.3 89.5 4.2 33.8 2.8
Timbavati 14 439 103.1 3.6 89.0 2.8 26.6 2.1
Punda Maria 13 493 116.6 3.6 95.6 33 22.7 1.4
Hans Merensky 15 538 108.7 3.0 92.1 2.9 24.3 1.2
Rust de Winterdam 10 600 109.1 3.6 95.0 2.8 28.1 1.6
Ben Lavin 10 631 111.2 3.5 94.6 2.9 24.7 0.9
Nylsvlei 4 663 121.3 12.5 97.0 9.8 17.2 1.4
Barberton 9 815 115.9 7.1 95.1 6.3 22.8 1.6
Itala 10 940 131.5 7.0 105.1 4.2 18.8 1.1
Correlation coefficient (R) 0.83 0.77 -0.66

R2 0.69 0.60 0.44
Probability P) XEER £X% xx

Multiple regression (Radv, Tangv, Numv) R2 = 0.69, **,

In Combretum apiculatum, Protea roupelliae and Protea caffra the relationship between
xylem morphology and rainfall indicates that xylem vessel size is positively while
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vessel frequency is negatively correlated with rainfall (Tables 1 & 2). Vessel diameter
of Buddleia saligna does not show any correlation with rainfall. Rather, it is vessel
frequency that is positively correlated.

Table 2. Mean values and standard error for radial (Radv) and tangential (Tangv) vessel
diameter and number of vessels (Numv) for Protea roupelliae and Protea caffra across a
rainfall gradient within the research area. NS *, ** *** and **** denote no significant
difference between means and significant differences between means at P < 0.05, 0.01,
0.001 and 0.0001 respectively.

Protea roupelliae

Location N Rainfall Radv Std Error Tangv Std ErrorNumv Std Error
in mm in gm in pm in pm in pmper mmzper mm2
Suikerbosrand 10 765 50.1 1.2 46.6 1.9 142.3 12.9
Origstad dam 10 841 53.3 1.0 48.0 1.5 78.9 5.5
Mhiwazini Cave 12 868 44.9 1.6 41.1 2.3 165.6 12.1
Itala 10 942 47.7 1.5 48.5 1.2 164.0 10.7
Sterkspruit 10 1005 52.1 1.3 45.7 1.7 94.0 6.8
Kamberg 20 1105 47.0 2.1 44.3 1.2 156.2 13.4
Mikes Pass 6 1153 45.6 1.2 51.2 3.9 124.0 18.5
Gillits 11 1368 59.8 2.1 55.6 2.0 78.8 6.2
Ngome frest 9 1410 57.8 1.0 53.4 1.1 104.2 7.7
Bourkes Luck 10 1411 56.3 1.5 52.0 1.9 106.1 5.9
Serala 9 1600 57.2 1.8 60.7 2.9 85.6 6.3
Umtamvuma 15 1664 65.6 1.3 62.6 1.5 64.5 3.0
Correlation coefficient (R) 0.77 0.88 -0.61
R2 0.60 0.78 0.38
Probability (P) = Bxxx *

Multiple regression (Radv, Tangv, Numv) R2 =0.79, **,

Protea caffra
Location N Rainfall Radv Std Error Tangv Std ErrorNumv Std Error

in mm in ym in pm in pm in pmper mm2 per mm

Oog van Malemane 5 546 59.9 4.0 54.4 23 53.2 7.2
Suikerbosrand 10 765 60.2 2.6 58.2 3.1 892 4.9
Kamberg 10 1100 63.1 2.4 65.7 1.7 55.0 5.8
Cathedral Peak 9 1153 62.8 2.8 60.1 3.2 542 4.4
Hiuhluwe 10 1170 77.2 1.6 64.8 2.2 44.5 3.1
Umtamvuma 10 1664 71.3 2.4 71.3 22 56.1 3.6
Correlation coefficient (R) 0.66 ' 0.93 -0.33

R® 0.44 0.88 0.10

Probability (P) : NS xx NS

Multiple regression (Radv, Tangv, Numv) R2 = 0.88, NS.



From the above it was concluded that vessel size increases while vessel frequency
decreases in C. apiculatum, P. roupelliae and P. caffra, with increasing rainfall.
Buddleia siligna is an exception to the general rule. Further research is needed to
establish the ecological component in vessel size and frequency variations of Acacia sp.

The different responses of the various species to rainfall means that all archaeological
samples have to be positively identified to species level before comparisons can be
made between an extant wood sample and a prehistoric sample.

Shrinkages accompanying carbonization

Wood shrinks when charcoaled. These shrinkages are considered to be uniform, as the
ratio between cell diameter and cell wall thickness does not change in the charcoaling
process. With carbonization the number of vessels per square mm should increase
while vessel diameter should decrease.

To ascertain the relationship between rainfall, vessel size and vessel frequency in
charcoaled wood along a climate gradient five samples of C. apiculatum, P. roupelliae,
and P. caffra per collecting site were charcoaled and analysed.

The results of this experiment indicate that in the Protea samples there is a strong
correlation between vessel size vessel frequency and rainfall, even when wood is
charcoaled. The results of a correlation coefficient analysis on the relationship between
rainfall and vessel diameter for charcoaled samples of C. apiculatum are not statistically
significant although the general trends still hold true. It is felt that the statistical
significance of the Combretum sample should improve with an increase in sample size.
A priority for future research should be to assess the reasons for lack of significance in
the correlation between rainfall and vessel diameter for the present sample of charcoaled
C. apiculatum.

Archaeological sample

On the basis of the above results, a well identified archaeological sample may be
analysed in order to reconstruct the rainfall history of the summer rainfall region. The
statistically significant correlations between rainfall, vessel size and vessel frequency
for charcoaled wood are assumed to hold true for an archaeological charcoal sample.
Wood charcoal identified as Protea roupelliae from two archaeolbgical sites in the Natal
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Drakensberg (Mhlwazini Cave & Collingham Shelter) and Combretum apiculatum from
Dzata in Venda shows a general decrease in rainfall from a peak 2500 years ago to
about 800 A.D. after which followed a dry period for about 900 years to 1700 A.D.,
when rainfall increased briefly before declining to present levels.

There is a good regional fit between the results of this study and other evidence
documenting climate change in southern Africa (Butzer et al., 1978, Butzer, 1984,
Klein 1980, Cooke & Verstappen 1984, Tyson 1986, Avery 1991, Smith 1992, and
others). Apparent time discrepancies can probably be explained by geographic
variations, lag times and dating problems. The resolution of the time series is
apparently insufficient to allow detailed time-related interpretation of rainfall conditions
over the last 2000 years.

Some generalized patterns of wetter and drier periods can be postulated, however,
which suggest that it may be possible to use wood charcoal from archaeological sites to
determine patterns in rainfall through time. As there are abundant assemblages of
charcoal from archaeological sites, the only limitation on this method of obtaining
proxy rainfall data is the resolution of the radiocarbon dates and a possible difficulty in
identifying a suitable distribution of sites in time.

During the course of this project the question arose as to whether stable carbon isotope
ratios of wood and charcoal samples could provide corroborative and additional
information useful for purposes of climatic reconstruction. A pilot study in this regard
showed a strong relationship between stable carbon isotope values of Combretum
apiculatum and rainfall. Within the research objectives of a follow-up project is an
assessment of the potential for using stable isotope ratios of wood charcoal as a climate
indicator.

Conclusion and recommendations

The major objectives of the project as set out on page 5 of this report have been met.

(1) The most common tree species represented in the charcoal of five archaeological
sites in the Transvaal and seven sites in Natal have been identified.

(2) A comparative suite of five woody species have been collected and analysed across
a climate gradient in the summer rainfall area (Acacia sp., Buddleia saligna,
Combretum apiculatum, Protea roupelliae, Protea caffra).

—8—



(3) A comparison has been made between a modern sample and an archaeological
sample to develop a preliminary reconstruction of the climatic history of the
summer rainfall area.

As the methods have now been established, future research efforts should focus on
expanding the archaeological database both spatially and temporally so that a more
comprehensive reconstruction of the climatic history of the last 2000 years can be
made. A major emphasis of this research should be to determine the range in rainfall
over the last 300 - 400 years. From the evidence presented in this study it is suggested
that when colonial farmers first moved into the summer rainfall region mean annual

rainfall was much higher than at present.

The results are site specific and there are gaps in the dating, but encouraging
correlations with other evidence suggests that the methods used in this study are
providing useful rainfall data. With a larger sample of well dated charcoal it may be
possible to obtain a more comprehensive picture of rainfall change through time. The
use of stable carbon isotope ratios of wood charcoal from archaeological sites as an
adjunct to xylem analysis should be investigated further in view of its potential as a
valuable means for determining changes in rainfall patterns through time.

Technology transfer of results

To date various sections of the results of the project have been published in the

following forms:

1.  In 1990 an article was published in the SA Water Bulletin with the assistance of
Mr Scholtz.

2. InJanuary 1991 Mr February attended the biennial meeting of the South African
Association of Botanists where he presented a paper: The Effects of Water and
Soil Nutrients on the Wood Anatomy of Cape Fynbos and Forest Plants.

3.  In June 1991 Mr February attended the 10th biannual conference of the South
African society for Quaternary Research where he presented a paper: Climate
reconstruction from wood charcoal.

4.  InJuly 1991 Mr February participated in the Second palaecoenvironments
workshop of the western Cape palacoenvironments working group.



10.

11.

12.

13.

14.

15.

In August 1991 Mr February presented a seminar at the Archaeology Department,
University of Cape Town. The title of the seminar was: Wood charcoal as a
palaeoclimatic indicator.

In October 1991 Mr February presented a seminar at the South African Museum.
The title of the seminar was: Archaeological charcoals as indicators of climatic
change and human fuel choice in the Late Holocene at Elands Bay

In November 1991 Mr February attended the Arid Zone Ecology Forum Research
meeting where he presented a paper: Stable carbon isotope ratios of wood
charcoal as a climate indicator.

In February 1992 Mr February presented a paper at the annual meeting of the
Water Institute of South Africa: Rainfall reconstruction using wood charcoal from
archaeological sites.

In March 1992 Mr February attended a seminar held in Pretoria on Stable
Isotopes in plant nutrition, soil fertility and environmental studies.

In March 1992 Mr February presented a seminar at the National Museum in
Bloemfontein: Rainfall reconstruction using wood charcoal from archaeological
sites.

In April 1992 & number of newspapers ran articles of various lengths reporting
on the results of the research for the project.

In May 1992 a publication by Mr February appeared in the Journal of
Archaeological Science. Archaeological charcoals as indicators of vegetation
change and human fuel choice in the Late Holocene at Elands Bay, western Cape
Province, South Africa.

In June 1992 a publication by Mr February in collaboration with Prof N.J. van der
Merwe appeared in the South African Journal of Science. Stable carbon isotope
ratios of wood charcoal during the past 4000 years: anthropogenic and climatic
influences.

In July 1992 Mr February attended the Biennial conference of the Southern
African Association of Archaeologists where he presented a paper: The
archaeological past from an analysis of wood charcoal.

In August 1992 Mr February participated in the Conservation Biology course
(MSc) at U.C.T. lecturing on methods of analyzing climate and environmental
change through time.
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ABSTRACT

The purpose of this report is to present the findings of a study which was undertaken to
improve on existing rainfall data sets, and provide a better understanding of temporal
aspects of climate change within the summer rainfall region of South Africa. To this
end, the project concentrated on extending the rainfall record back in time by using the
xylem anatomy of radiocarbon dated charcoal.

It is possible to identify wood charcoal to genus and even species level by microscopic
examination of xylem anatomy. A preliminary identification of the charcoal from a
number of archaeological sites in the Drakensberg and northern Transvaal shows that
the most common woody species today are also evident in the archaeological record
over the last 2000 years, indicating a relatively stable plant community composition.
Previous wood anatomical studies have shown that there are links between vessel
diameter, vessel frequency and climate. The present study demonstrates that in relation
to rainfall, vessel diameter in the species Protea caffra, Protea roupelliae and
Combretum apiculatum correlated positively while vessel frequency correlated
negatively. In Protea roupelliae, mean vessel diameter increases from 46 ym to 62 ym
along a rainfall gradient ranging from 760 mm at Suikerbosrand to 1665 mm at
Umtamvuma (R = 0.88, P < 0.001, N = 12). Indications are that this correlation is
observed even when wood is charcoaled, and although the results for Combretum
apiculatum are not statistically significant, those for Protea roupelliae (R = 0.68, P <
0.01, N = 12) are. The resolution of the time series is insufficient to allow detailed
interpretation of rainfall conditions over the last 2000 years. Some generalized patterns
of wetter and drier periods can be postulated, however, suggesting that it is possible to
use well-dated archaeological charcoal samples of Protea spp. and Combretum
apiculatum to determine patterns in rainfall through time.

The range in vessel diameter for the archaeological sample of Protea spp. and
Combretum apiculatum is within the expected ranges for the contemporary specimens
analysed from the Drakensberg and Venda respectively. This suggests that mean
rainfall values in these areas have not altered radically during the last 2000 years.
Implications are that rather than directional change, there have been fluctuations in
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amounts of available moisture around a mean. When compared to cohtemporary values,
the implications are that at 200 B.P. and 2400 B.P. the area was wetter than at present.
A dry phase is registered between 1700 B.P. and 300 B.P., but values for the
contemporary wood sample are the lowest observed.
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CHAPTER ONE

INTRODUCTION

Major components of most archaeological sites are stone, bone and charcoal. Presented
here are the results of analysis of the charcoal from the archaeological sites Collingham
Shelter and Mhlwazini Cave in the Natal Drakensberg, and Dzata near Louis Trichardt
in the northern Transvaal (Figure 2). The emphasis of this study is on the development
of a new technique in climate reconstruction using measurements of vessel size and
frequency in the cross sectional xylem anatomy of wood charcoal. Incorporated within
this objective is the reconstruction of the climatic history of the last 2000 years in the
summer rainfall region of South Africa.

Rationale for this project

Climate change, whether natural or anthropogenic, will have important effects on water
availability. In southern Africa, where large agricultural districts are in marginal rainfall
areas, these changes can and do have significant socioeconomic consequences. To
assess the socioeconomic implications of climate change an understanding of the
climatic variation which can be expected in the future is required. Such projections are
made on the basis of what has occurred in the past. At present, regional rainfall data
sets do not extend over more than 100 years (35 stations in 1880) and register relatively
short oscillations in climate (Tyson 1986). Since all climate projections for South Africa
are based on this very limited data set, there are obvious limits to the probable accuracy
of estimates.

In the northern hemisphere, dendrochronology provides a good climate record going
back in time for thousands of years. Of the vast number of tree species existent in
South Africa, few have dendrochronological potential. The longest available tree ring
sequence for the summer rainfall region of South Africa is that described by Hall
(1976) for a single Podocarpus falcatus specimen from Karkloof, Natal, dating back to
the thirteenth century (Figure 1).
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Figure 2. Locations of all archaeological sites referred to in the text.

The most basic proposition in tree ring analysis is that a tree forms a new ring each
year. This is, however, not a biological certainty and is one of the first suppositions
that has to be clarified when assessing the feasibility of a tree species for dendroecology
or dendroclimatology. Lilly (1977) concluded that a combination of very indistinct



growth rings, discontinuous rings, indistinct boundaries and deceptive macroscopic
ring patterns makes tree ring analysis in South Africa very difficult. According to Lilly
(1977) complete sections of trunk have to be used in order to determine tree ring series
from South African trees. Despite this, attempts to obtain a corroborative series for the
Karkloof Podocarpus specimen failed because of the lack of definition in the rings of
the trees felled for the study (Tyson 1986).

In a preliminary study on the dendrochronological potential of Newtonia hildebrandltii 1
arrived at the same conclusions as Lilly (1977). In addition, the very strong
sapwood/heartwood differentiation in Newtonia makes it difficult to detect growth rings
in the heartwood.

Destructive research on endangered species such as Podocarpus cannot continue
indefinitely. The development of a new method for determining changes in temperature
and rainfall is vitally important, especially for the summer rainfall region. The present
project is an attempt to develop such a method. It represents an original technique for
climate research which could provide a reliable proxy rainfall record going beyond the
reach of the historic record.

Charcoal identification and relative abundance

During the process of transpiration trees conduct water and dissolved minerals from the
roots to the leaves via vessels and tracheids. Minerals and water can be stored in a
separate group of less specialized cells (parenchyma) which are also depositories for
waste material such as dissolved silicates. Trees and shrubs require mechanical support
which is attained via another group of cells, the fibre cells. It is the characteristic
arrangement of these various groups of cells in both horizontal and vertical planes that
makes it possible to identify wood to genus or species level. Wood when burned,
maintains its anatomical structure so that wood charcoal can also be identified to genus
or species level by the characteristic arrangement of different cell types (Salisbury &
Jane 1940, Godwin & Tansley 1941, Slavikova-Vesela 1950, Vernet 1973, Kraus-
Marguet 1980 and February 1992).

Charcoal from archaeological sites represents the remains of firewood collected by
people, who made specific choices on the types of fuel wood they would use (Gandar



1982, Milton & Bond 1986). The archaeological record will, therefore, always be
skewed in the direction of the favoured fuel wood, although environmental conditions
will influence the species of wood available for collection. It is on this basis that
environmental change can be inferred from changes in the charcoal record of
archaeological sites (February 1992).

Xylem analysis: A new approach to rainfall reconstruction

Wood anatomists have increasingly emphasized the extent to which vessel size and
number varies with temperature and rainfall (Carlquist 1966, 1975, 1977a, Baas 1982,
Zhang et al. 1988, Wilkins & Papassotiriou 1989). All of these studies show that
vessel size decreases while vessel frequency increases with increasing drought. Scholtz
(1986) was the first to realize the potential significance of certain wood anatomical
variables for explaining climate change. He proposed a new method by which charcoal
from archaeological fires can be used to reconstruct climate. Scholtz's (1986)
Ecologically Diagnostic Xylem Analysis (EDXA) is directly based on the relationship
between plant anatomy, physiology and ecology. It is not designed to describe the
anatomy of wood, but rather to measure a wide range of potentially ecoclimatically
significant wood variables observable in a transverse section. The basic premise of
Scholtz's hypothesis is that it may be possible to relate measurements on the wood
anatomy of charcoal from archaeological sites to climate when compared to similar
measurements on a modern sample of the same species from areas of known

temperature and rainfall.

In his study, Scholtz (1986), using wood charcoal from Boomplaas Cave, on the
southern Cape coast, established differences in wood anatomy which he attributed to
climatic change. Because Scholtz's (1986) work was of a pioneering nature, and his
research at Boomplaas Cave was a preliminary test for this methodology, few of the
electron micrographs he used were suited to this project. He recorded climatic change
over thousands rather than hundreds of years, and did not establish a modern database.

The present project is a systematic application of Scholtz's (1986) methods designed to
test the precision and practicability of his hypothesis. The main questions addressed

are;



(1) Is there in fact a relationship between vessel size, vessel frequency and climate? If
so, what is this relationship?

(2) Do the same factors hold true for fresh wood and charcoaled wood? If so, can one
use analyses of vessel size and frequency in wood charcoal to determine changes
in rainfall or temperature?

(3) In a reconstruction of climate change using xylem analysis of wood charcoal what is
the precision with which we can reconstruct rainfall from the archaeological
record?

Stable carbon isotope analysis

Recent studies have suggested that stable carbon isotope ratios are good indicators of
water available to plants (Freyer & Belacy 1983, Leavitt & Long 1986). During the
course of this project the question arose as to whether stable isotope analysis of wood
and charcoal samples could provide corroborative and additional information useful for
purposes of climatic reconstruction. A pilot study in this regard, undertaken with a
view to possible follow-up research, is reported in Appendix 1.

Archiving of data

The large amounts of data generated through labour-intensive sampling and the
analytical procedures used in this project are also potentially useful for other research
purposes. With a view to orderly storage and access to this data, arrangements for data
archiving are detailed in Appendix 2.



CHAPTER TWO
CLIMATE AND ENVIRONMENT
Introduction

The primary objective of this study is the development of a new technique for using
wood charcoal from archaeological sites as a palaeoclimatic indicator. To this end, I
present an analysis of the results from the charcoal of three archaeological sites, and
both fresh and charcoaled wood from more than thirty extant sites within the summer
rainfall region of South Africa. For the purposes of this study, the area termed the
summer rainfall area has been defined as that area stretching from Messina on the
Zimbabwean border in the north, to Umtamvuma on the Transkei border in the south
and from the Indian ocean and Mogambique border in the east to Johannesburg in the
west (Figure 1).

In general, ambient temperature and water availability appear to be the most important
climatic factors affecting plant growth and distribution. Through solar radiation ambient
temperature provides the necessary energy for plant growth, while water availability
determines the degree to which plants can meet the evaporative and physiological
demands posed by their particular structures (Box 1981). It was, however, not possible
to ascertain the extent to which xylem anatomy and temperature correlate because the
extant wood collection was assembled from a number of nature reserves, most of
which do not collect temperature data. The pronounced seasonal nature of the rainfall in
the summer rainfall region of South Africa means that within this region evaporation
exceeds rainfall over a large part of the year. As a result, the plants live under water
stress for most of the year indicating that rainfall is probably the most important
influence on plant form and structure. In addition, Hall (1976) cites Gillooly (1975) as
having determined a strong correlation between rainfall and growth increments of trees
in the Rustenburg district of the Transvaal. Although the evidence is circumstantial it
does support the argument that the major limitation on plant growth in the research area
is rainfall rather than temperature. Xylem vessel size and frequency should therefore
correlate directly with rainfall.



Table 1. Locations from which an extant wood sample of P. caffra (P.caff), P.
roupelliae (P.roup), B. saligna (B.sal), C. apiculatum (C.apic), A. karoo (A kar), A.
tortillis (A.tort) and A. nilotica (A.nil) was collected. Mean annual rainfall (in mm) was
calculated over a four year period to December 1990 (see page 20).

Location Rainfall Lat Long B.sal P.caff P.roup C.apic A.kar A.tort A.nil
Barberton 815 3059 24.58 \/p

Ben Lavin 631 23.06 29.57

Bluegumspoort 599 23.00 29.47 v .

*Bourkes Luck695-1411 30.50 24.40 v v

Dzata 412 22.57 30.08 v

Estcourt 824 28.59 29.58 v v v v
Gillits 1368 29.47 30.48 v

Hans Merensky 538 23.40 30.40 v

Hiuhluwe 665-1170 28.07 32.02 v v v
Itala 942 27.28 31.17 v v

Kamberg 1105 29.23 29.38 v v

Letaba 400 23.55 31.31 v v
Mamba (Dougvale) 820 28.57 31.03 v v
Messina 281 22.21 30.02 v v
Mhilawula 660 26.12 32.01 v
Mhlopeni 650 29.01 30.25 v v v
Mhlwazini Cave 868 29.01 30.29 v

Mikes Pass

(Cathedral Peak) 1153 28.57 29.14 v v

Mkuze 578 27.36 32.16 v
Ngome Forest 1410 27.49 31.23 v

Nylsvlei 663 24.40 28.43 v v
Olifantspoort 706 25.50 27.16 v

Oog van Malemane 546 25.51 26.05 v v v

Origstad dam 841 24.58 30.38 v

Pafuri 434 2227 31.18 v

Phalaborwa 420 23.56 31.11 v

Punda Maria 493 22.40 31.01 v v
Rooipoort 420 28.37 24.15 v
Rust de Winterdam 600 28.30 25.24 v

Rustenburg 773 2543 27.12 v

*Serala 400-1600 30.00 24.03 v v

Sodwana Bay 735 27.33 32.40 v
Sterkspruit 1005 25.09 30.35 v

Suikerbosrand 765 26.30 28.12 v v v

Timbavati 439 24.28 31.20 v

Tshongwe 883 27.27 32.25 v
Tugela Ferry 756 28.47 30.10 v
Umtamvuma 1664 30.58 30.10 v v

Weenen 670 28.51 30.00 v v

* Mountain nature reserves which include a wide range of habitats with differing rainfall conditions

Rainfall statistics were calculated for some thirty stations close to extant wood sample
sites from data supplied by the Weather Bureau, Transvaal Provincial Administration,
Natal Parks Board and National Parks Board.

The research area from which archaeological samples were obtained is focussed at
Mhlwazini Cave (29°02' 52": 29° 23' 23") and Collingham Shelter (29° 27' 35": 29°
47' 45") both at an altitude of approximately 1800 m (6000 ft) in the Natal Drakensberg
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and at the iron age village of Dzata, home of the legendary Singo leader Thoho-ya-

Ndou (22° 52' 10": 30° 08' 30") in Venda (Mazel 1990, Mazel 1992, and Loubser
(1991). (Figure 2)).

Tugela River Mouth

Lowlands [T}
Uplands

Interior basin
High Mountains p

Figure 3. Position of the Drakensberg escarpment and ecoclimatic zones of the research area.

The ecological zonation of the research area runs roughly north-south parallel to the
Drakensberg escarpment (Figure 3.). There are four broad ecoclimatic zones within this
area. These zones can be defined as coastal and interior lowlands, uplands region,
interior plateau and high mountains. The rest of this chapter is a description of the
environment, temperature and rainfall within each of these broad zones.



Coastal and interior lowlands
Coastal lowlands

The coastal region extends along the whole of the Natal coastal belt, including most of
northern Zululand, the low lying regions of the Tugela river valley and the Valley of a
Thousand Hills. At the Transkei border it forms a narrow band only about 25 kms
wide. Altitude ranges from sea level to 1000 m. Temperatures are high with mean daily
maxima about 30°C during January and February and over 25°C for at least 9 months
of the year. Mean daily minima are also high, between 10°C and 20°C for winter and
summer, respectively.

The coastal lowlands have a high but extremely varied mean annual rainfall ranging
from 1000 mm to 1600 mm. Mean values are, however, _closer to 1000 mm with higher
rainfall areas occurring in relatively small pockets such as at the Tugela River mouth
(1200 mm), Gillits (1400 mm) and Umtamvuma (1600 mm). Within this area samples
of Protea spp. were collected at Gillits and Umtamvuma.

Interior lowlands

The ameliorating effect of the Indian Ocean on temperature and rainfall is lost in the
interior of the country. The area east of the Drakensberg escarpment, north of the
Soutpansberg to the Limpopo river and east of Messina, is known as the Transvaal
Lowveld. This area falls within that zone termed by Huntley (1982) as arid savanna.
Mean daily maxima are high at just over 30°C from September through April. Absolute
maximum temperatures from 40°C to 45°C have been recorded for all of these months.
During June and July, Letaba, where a sample of Combretum apiculatum was
collected, and Shingwedzi in the Kruger National Park have the lowest mean daily
minima at 5.8°C and 4.5°C, respectively. The daily minima at Messina and Punda
Maria further north, where samples of Combretum apiculatum were also collected, are
much higher at 10°C and 11°C respectively.

The major difference between the interior and coastal lowlands is in the rainfall, which
in the interior ranges between 300 mm at Messina (C. apiculatum collected here) to a
maximum of 600 mm at Phalaborwa (C. apiculatum collected here), and is often well
over 1000 mm at the coast.



Uplands Region

West of the Lowveld, the Drakensberg escarpment rises steeply 800 to 1500 mm above
the interior lowlands. It is from this region that the sample of Protea spp. used in this
study was collected (Table 1). In Natal, the Uplands region can be defined as that area
of the Drakensberg known as the Little Berg. This region approximately follows the
2000 m contour from the Natal Drakensberg through Harrismith, Volksrus,
Wakkerstroom and Barberton to Belfast, Dullstroom, Lydenberg and Pilgrims Rest in
the Transvaal. The escarpment drops down to the north at Tzaneen before rising again
to form the Soutpansberg in Venda. There are few temperature stations available for
this area. At Lydenberg and Pilgrims Rest in the Transvaal, mean daily maxima are
between 21°C and 23°C. The mean daily maxima for Volksrus and Wakkerstroom are
the same at 21°C, and for Cathedral Peak at the upper altitude limit of the region, mean
daily maxima are between 18°C and 21°C. Apart from Cathedral Peak, lowest recorded
temperatures (according to Edward 1967) are -7.8°C at Cathkin Peak and -13.3°C at
Wakkerstroom.

The Drakensberg escarpment has some of the highest rainfall figures for the study area.
In the Transvaal, the high mountain region of the Wolkberg Nature Reserve (Serala)
receives a mean annual rainfall of 1600 mm, whilst Bourkes Luck Potholes gets 1400
mm. The Cathedral Peak area receives 1200 mm per year, but annual rainfall can total
more than 2000 mm.

The interior basin and Highveld

At an altitude between 1000 and 1500 metres, the interior basin of Natal and the
Highveld region of the Transvaal forms the largest ecoclimatic section of the study area.
Some Combretum apiculatum was collected in this area where it occurs on shallow
stony soils, on steep north facing slopes.

To the west of the Lowveld, the Drakensberg escarpment falls off gradually to form the
flat interior of the Transvaal known as the Highveld. Temperatures for this area are
mild, mean daily maxima being between 26°C and 29°C at Nylsvlei and between 25°C
and 27°C in the Soutpansberg. Mean daily minima are between 3°C and 6°C. Typical
Highveld mean annual precipitation values are between 600 mm (Potgietersrus) and
650 mm (Nylsvlei). In Natal, the interior basin lies to the west of the Drakensberg and
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to the east of the coastal lowlands. Temperature and rainfall for this area are very
similar to that in the Transvaal, although rainfall does vary with altitude and can be as
high as 800 mm (Dundee) and even 1000 mm (Boshoek).



CHAPTER THREE
CHARCOAL IDENTIFICATION AND RELATIVE ABUNDANCE
Introduction

This chapter details the results of analyses of charcoal from a number of archaeological
sites in the Transvaal and Natal in terms of species composition and relative abundance
of wood morphological types. The emphasis is on determining the wood morphological
type common to a number of archaeological sites, and using these species for
comparison with the extant specimens.

Materials and Methods

Extant comparative material

Positive identification of the charcoal recovered from archaeological sites is achieved by
comparison with identified modern samples which have been charcoaled. Although
wood retains its distinctive anatomical features when charcoaled, positive identification
is hampered by wood anatomical variability. This variation is due to a number of
ecological as well as physiological causes which have led researchers to emphasis the
need for exhaustive tests on a single piece of wood to classify it taxonomically (Rendle
& Clarke 1934, Carlquist 1980, Barefoot & Hankins 1982, Zimmerman 1983).

Woody species growing in the vicinity of the archaeological sites were sampled to
provide the extant reference collection. In the laboratory discs approximately three
centimetres in length were cut and wrapped in tinfoil. These parcels were placed in a
muffle furnace, the temperature of which was gradually taken up to a maximum of
500°C after 1 hour. The furnace was then switched off and allowed to cool slowly.
Charcoal was prepared for examination by physical fracture of each piece. A knife with
a very fine serrated edge was used to make an incision perpendicular to the grain and
through 360° around the circumference of the piece of charcoal. The section was then
snapped by placing the incision on a thumbnail and applying pressure with the left and
right index fingers. The smoothest half of each section was mounted in "Prestik" on a
glass slide. Once mounted the charcoal was ready for examination under a microscope.
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As this method never leaves an absolutely flat surface all the physical examination of
charcoal was done using a Nikon Optiphot M darkfield reflected light microscope.

Table 2. Major woody speci¢s identified from a sample of the available charcoal and the
location of the archaeological sites (see Figure 2).

Archaeological Number of Location Most common Percentage
site samples of site genera of total
Begwa 68 Venda Combretum apiculatum 15
Collingham Shelter 180 Natal Drakensberg Protea 43
Dzata 50 Venda Combretum apiculatum 16
eSinhlonhlweni 240 Central Natal ?Buddleia Radial type 25
Magogo 20 Central Natal Olea 35
Manavhela 45 Venda Combretum apiculatum 13
Mbabane 240 Central Natal ?Buddleia Radial type 26
Mhlwazini Cave 390 Natal Drakensberg Protea 14
Ndondondwane 58 Central Natal Acacia 45
Ntshekane 40 Central Natal Acacia 33
TSH 1.1 20 Kruger Park Combretum apiculatum 25
Tshitaka 40 North Transvaal Mopane 40

The difficulty of precise identification of fossil charcoal meant that not all charcoal could be identified to
genus level hence the ? before Buddleia.

Archaeological samples

In order to determine rainfall change through time, the wood charcoal from a number of
archaeological assemblages radiocarbon dated within the last 2000 years were examined
(Table 2 & 3). The resolution of the radiocarbon dates is unfortunately variable over
this period. The calculated radiocarbon age of a sample does not compare directly with
the actual age of that sample. The calculation of the radiocarbon age assumes that the
levels of *C in the atmosphere have been constant. This is, however, not so as the '*C
activity in the atmosphere has varied through time. With this range in atmospheric
levels of **C comes a range in radiocarbon ages. It is possible to calibrate for this range
in radiocarbon ages by measuring the radiocarbon ages of tree rings of known age.
This calibration has been achieved for most of the Northern hemisphere. It is assumed
that the *C activity in the atmosphere is constant around the world so that it is possible
to use the North American dendrochronological calibration curve in South Africa. The
calibration curve is not a uniform smooth curve but has a number of peaks and troughs.
Thus a sample with a radiocarbon age of 152 B.P. +30 could calibrate to anywhere
between 1650 A.D. and 1955 A.D., a range of 300 years. On the other hand a sample



with a radiocarbon age of 500 B.P. +20 would calibrate to 1427 +12 A.D. Note that in
this case the standard deviation has decreased.

Table 3. Archaeological sites mentioned in the text with associated radiocarbon dates.

Archaeological

site

Tshitaka

Tshitaka

Tshitaka

Begwa

Dzata

Dzata

Dzata

Dzata

Dzata

Dzata

Manavhela

TSH 1.1

Magogo

Magogo
Ndondondwane
Ndondondwane
Ntshekane
Ntshekane
Mbabane

Mbabane

Mbabane
eSinhlonhlweni
eSinhlonhlweni
Mhlwazini Cave
Mhilwazini Cave
Mhlwazini Cave
Mhlwazini Cave
Collingham Shelter
Collingham Shelter
Collingham Shelter
Collingham Shelter

layer

Layer3
layer 5
Layer 5

T2 Layer2
T2 Layer 2
Tl Layer 2
T2 Layer 4
T2 Layer 4
T2 layer 7b
Layer 4

Pit1

Pit 13b
50-60cm
40-50cm
20-40cm
1.4-2.2m
Layer 3
Layer3
Layer4
Layer 3
Layer 3
Layer 2
Layer3
Layer 4
Layer 5
TBS
BSV1
BSV2
BSV3

calibrated
14C date (AD)

1550
1350
1320
+1900
1810
1660
1630
1590
1580
1690
1600
1440
590
760
730
760
800
850
1480
1450
430
1500
1700
1700
1630
1370
330BC
740
140
150
70

uncalibrated

14

C date (BP)

400100
600+90
630+£70
+1900
140+80
290+50
32040
360+50
370+40
260170
350+80
600+50
1360+50
1190+50
1220+50
119050
1150+45
1100+50
47040
500+50
1520+50
330+45
170+50
190+45
320+40
580+50
2280+50
1260+50
1810+60
1800+50
1880+45

lab number

Wits 1619
Wits 1674
Wits 1592

Wits 1601
Wits 1665
Wits 1668
Wits 1660
Wits 1597
Wits 1599
Wits 1460
Pta 3825
Pta 2874
Pta 2875
Pta 2388
Pta 2389
Pta 1058
Pta 1057
Pta 3848
Pta 3684
Pta 3678
Pta 3851
Pta 3584
Pta 5102
Pta 4850
Pta 4864
Pta 4868
Pta 5408
Pta 5265
Pta 5096 ¢
Pta 5101

The accuracy of the radiocarbon date depends very largely on where it falls on the

curve. For example any sample from the last 300 years will not give a very accurate

result because of the nature of the curve. Radiocarbon dating is, nonetheless, very

important in order to place a set of assemblages within a specific age group (Table 3).

Most of the charcoal examined was selectively sampled from the exposed surfaces of

excavations specifically for radiocarbon dating, rather than for ecological research.

There is, however, no apparent bias in fragment size between the sites. Samples range

in size from = 3 mm to + 15 mm in cross sectional diameter.
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In identifying the most common woody species in the archaeological record, the wood
charcoal from 7 archaeological sites in Natal and 5 sites in the Transvaal was
superficially examined (Figure 2). Sample sizes vary from 20 pieces of charcoal at
Magogo and TSH 1.1, to 390 at Mhlwazini (see Table 2). The archaeological charcoal
samples were prepared for microscopy by physical fracture in exactly the same manner
as the extant samples. Results were satisfactory in that most of the common wood types
in the archaeological record could be grouped into morphological types. Where possible
these morphological types were associated with specific genera.

Results

In Natal, the most common woody species in the charcoal at the archaeological sites of
Ndondondwane and Nshekane, is Acacia sp (Table 2) (excavation report Maggs &
Michael 1976 and Maggs 1984). At eSinhlonhlweni and Mbabane in the Natal midlands
near Estcourt and Weenen, it is an unidentified radial type similar to Buddleia sp (Table
2) (excavation report Mazel 1986). In the Drakensberg Mhlwazini Cave (also known as
Zulu cave) and Collingham Shelter have a high percentage of Protea sp (Table 2) and
Leucosidea sp (excavation report Mazel 1990 and Mazel 1992). The woody species
common to a number of Transvaal archaeological sites is Combretum apiculatum (Table
2, Figure 2).

Conclusion

The results of the charcoal identification recognized Acacia, Buddleia, Protea,
Leucosidea and Combretum as the most common genera in 12 archaeological sites
across the Transvaal and Natal (Table 2 Figure 2).

Leucosidea sericeae is the most common species of Leucosidea in the Natal
Drakensberg. Not only does this species grow along stream banks, it also has a
distribution range restricted to a specific altitude in the Drakensberg. A combination of
its restricted distribution range and préximity to water makes it undesirable as a species
for determining changes in Xylem anatomy related to climate.

The radial type identified at eSinhlonhlweni and Mbabane is very similar to the
Buddleia species. Buddleia salviifolia and Buddleia saligna are the two most common
Buddleia species in the summer rainfall area. Buddleia salviifolia is extremely soft-
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stemmed, and as with Leucosidea sericeae, is often associated with the flora along
stream banks. Buddleia salviifolia is therefore not suitable for the purposes of this
project. Buddleia saligna, however, grows on the drier mountain slopes. A suitably
sized sample has the potential to indicate changes in vessel size and frequency across a
climate gradient. In an attempt, ultimately unsuccessful, to positively identify the radial
type a small Buddleia sample was analysed.

The most common Protea spp. in the research area are Protea roupelliae and Protea
caffra. These two species grow over a wide range of ecoclimatic regimes within the
summer rainfall region and it was felt that both would be suitable for further analysis.

Liegme (1983) reported that in her area of study in Gazunkulu Colophospermum
mopane and Combretum apiculatum were regarded as the best fuel wood species. This
observation confirmed previous observations by Gandar (1982) and later by Eberhard
and Poynton (1987). Colophospermum mopane has a very restricted distribution range,
whereas Combretum apiculatum is more widespread. Combretum is also easily
recognizable. Among the different species of Combretaceae identified (Table 2),
Combretum apiculatum is evident in a number of sites in the northern Transvaal and

Venda. Consequently this species was also chosen for further analysis.

There are a number of Acacia species in South Africa, all of which have a wide
distribution range. Differences between these species are not easy to establish from
wood charcoal. It was therefore decided that only a small sample of the three major
species of Acacia would be collected for further analysis, and no major effort would be

made to determine the relationship between Xylem anatomy and climate.

Summary

Charcoal has been identified from 12 archaeological sites in the summer rainfall area in
terms of relative abundance of wood morphological types. From this analysis, six
morphological types were identified as most common in the archaeological record over
the last 2000 years (Tables 2 & 3). Of these, four types, (Buddleia saligna, Protea sp,
Combretum apiculatum and Acacia spp.) were considered as suitable for further
analysis to determine the exact nature of the changes in xylem vessel size and frequency
along a rainfall gradient.
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CHAPTER FOUR

XYLEM ANALYSIS: METHODOLOGY AND APPLICATION TO
MODERN SAMPLES

Introduction

Woody plants conduct water and dissolved mineral salts from the roots to the leaves via
the xylem vessels. It was Scholtz (1986) who first realized that measurements of xylem
vessel size and frequency on charcoal from archaeological sites may be related to
climate when compared to the same measurements on an extant sample from areas of
known temperature and rainfall. Scholtz's (1986) methods of xylem analysis are
directly based on the relationships between plant anatomy, physiology and ecology.
These methods are not designed to describe the anatomy of wood, but rather to measure
a wide range of potentially ecoclimatically significant wood variables observable in a
cross section. The most important of these variables are assumed to be vessel diameter
and number of vessels, as a number of researchers have demonstrated that the diameter
of the xylem vessels decreases whilst vessel frequency increases with increasing
drought (Carlquist 1977a, Baas & Schweingruber 1987, van der Walt 1988, Wilkins &
Papassotiriou 1989). This chapter reports on the analysis of vessel size and frequency
for a number of trees and shrubs from the summer rainfall region of South Africa. Also
included in this chapter is the rationale behind xylem analysis and a description of the
methods used.

Relationship between xylem vessels and climate

In order to establish the predictive value of certain vessel element features, Baas et al.,
(1983) related cambial activity, maximum vessel diameter and transpiration rates for
samples of woody flora from Israel and adjacent regions. They noted high values for
maximum vessel diameter, and related this pattern to high tré.nspiration rates in the hot
summers and ample water supply to the root system. More specifically, vessel diameter
increases with increases in transpiration rates due to high temperatures and ample water
supply. This logical adaptation had been stressed by Carlquist (1980) who concluded
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that the occurrence of wide vessels in these trees represents an adaptation to the
environmental conditions under which they grow.

The advantage of wide vessels to plants is explained by Zimmerman (1978, 1982,
1983) according to the Hagen-Poiseuille equation for ideal capillaries. Hydraulic
conductivity is proportional to the sum of the vessels radius raised to the power of four.
This r* relationship means that a slight increase in vessel radius is equivalent to an
enormous increase in ability to transport sap. For example, three vessels with relative
diameters of 1, 2 and 4 and having cross-sectional areas proportional to 1, 4 and 16
will have relative conductivities of 1, 16 and 256. The proportional percentage of sap
transported by three such vessels will be 0.4, 5.9 and 93.7 (Zimmerman 1978, 1982,
1983).

If wide vessels are so much more efficient than narrow vessels why is it that all plants
do not have wide vessels? The disadvantages of wide vessels to plants is again best
explained by Zimmerman (1983). Increased vessel diameter may increase conductivity,
but concomitant with this increase in conductivity is a decrease in safety. In the event of
any vessel injury causing the permanent blockage of a vessel, and given the rt
relationship between flow rate and vessel radius, the damage done to a tree with wide -
vessels will be very much greater than in a tree with narrow vessels. The more
numerous the vessels, the smaller the chance that the disabling of a given number will
seriously affect conduction (Zimmerman 1983).

In the above discussion it is suggested that the major factors affecting conductivity are
vessel diameter and vessel frequency. An analysis of vessel diameter and vessel
frequency should be sufficient to indicate changes in plant conductivity across a rainfall
gradient.

None of the studies quoted address the relationship between specific vessel
characteristics and mean annual rainfall. Carlquist (1977b) compared the wood anatomy
of the Peneaceae across a wide amplitude of ecological habitats. In his study, however,
no attempt was made to obtain actual rainfall figures. Baas and Schweingruber (1987)
also did not determine mean annual rainfall figures. Instead they determined ecological
trends for occurrence of certain vessel characteristics along a macroclimatic gradient
from boreal through temperate to Mediterranean. Wilkins and Papassotiriou (1989)
compared wood samples of Acacia melanoxylon from Queensland and Tasmania. All of
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these studies refer to macroclimate rather than a gradient of mean annual rainfall or/and

temperature.

Table 4. The number of individual specimens of Combretum apiculatum (Apic),
Buddleia saligna (Sal), Acacia Tortillis (Tort), Acacia karoo (Kar), Acacia nilotica
(Nil), Protea Roupelliae (Roup) and Protea caffra (Caff) from each location within the

study area.

Location
Barberton

Ben Lavin
Bluegumspoort
Bourkes Luck
Dzata

Estcourt

Gillits

Hans Merensky
Hluhluwe

Itala

Kamberg
Letaba

Mamba
Messina:
Mhlawula
Mhlopeni
Mhlwazini cave
Mikes Pass
Mkuze

Tugela Ferry
Ngome forest
Nylsvlei
Olifantspoort
Oog van Malemane
Origstad Dam
Pafuri
Phalaborwa
Punda Maria
Rooipoort
Rust de Winterdam
Rustenburg
Serala

Sodwana Bay
Sterkspruit
Suikerbosrand
Timbavati
Tshongwe
Umtamvuma
Weenen

TOTAL

Methods

Apic
10
10
10

7
15
10
17

14

10
17
10
10

15

169

Sal

11

10

13

10

12

10

10
76

Tort

OWMNDWN

43

Kar

20

Nil

11

Roup

10

11

10
20

10

10

10

15

132

Caff

10

10

10

10

S5

In our analysis we relate the cross sectional xylem anatomy of Acacia tortillis, Acacia

karoo, Acacia nilotica, Combretum apiculatum, Protea roupelliae, Protea caffra and



Buddleia saligna to mean annual rainfall. The general hypothesis is that with high
transpiration rates in the hot summers of the research area maximum vessel diameters
should correlate with increases in rainfall.

Within a tree, vessel diameters tend to be greater in roots than in stems, and greater in
the stem than in the branches. Vessel diameters also tend to increase with increasing
branch diameter (Zimmerman 1978, 1983). In order to restrict this variation samples
collected in the field all have diameters of approximately 2 - 3 cm. Wood from
archaeological sites reflects the firewood gathering strategies of prehistoric people.
Firewood was probably not gathered randomly as pieces would have been selected
specifically for ease of transport and management. The average diameter of branches
collected by women in the rural areas of South Africa today is 2 to 4 cm (pers. obs.)
and it is assumed that this would reflect the most common dimensions for firewood
used by prehistoric people.

To relate the anatomy of wood to climate, samples have to be collected from
undisturbed sites, as close to weather stations as possible. Roads, buildings and other
constructions have to be avoided as increased runoff, as well as watering of domestic
plants, does affect vessel size and frequency. In order to fulfill these requirements most
of the samples were collected in either private nature reserves or reserves administered
by the Transvaal Provincial Administration, National Parks Board or Natal Parks
Board. These reserves are less disturbed by development and generally have good
rainfall records. For the purposes of this study rainfall was averaged over four years to
December 1990 when the samples were collected (see Table 1, Page 8). Measurements
of vessel size and number are taken on that section of wood immediately related to the
previous four years of growth. On the archaeological sample measurements are taken
closest to the outer edge of the charcoal. The locations of collected samples are given in
Figure 1 and Tables 1 & 4.

Sample preparation

In the laboratory a 2 cm thick disc was cut off the end of each piece of wood and then
split into sections about 5 - 8 mm wide, incorporating both the pith and the cambium.
These sections were stored in vials containing a 50% glycerol/alcohol solution. Prior to
photography, the wood was softened by boiling before samples were cut in transverse
section at thicknesses of between 25 and 30 ym using a base sledge microtome. The
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thin sections were stained over two days in a mixture of alcohol, glycerol and safrinin

red, mounted in Kaisers gelatin-glycerin on glass microscope slides and photographed

using a Wild-Leitz photomicroscope at a magnification of 40 X. A graticule was also

photographed at the same magnification so that exact magnifications could be calculated

when the photographs were developed and printed. Measurements of vessel size and

number were then made using a custom written computer programme linked to a

Summagraphics digitizing tablet.

Table 5. Mean values and standard error for radial vessel diameter (Radv), tangential
vessel diameter (Tangv) and number of vessels (Numv) for three species of Acacia
across a rainfall gradient within the research area. NS denotes no significant difference

between means.

Acacia karoo
Location N

Mhlopeni
Sodwana Bay
Estcourt
Hluhluwe

H OO

tortillis
Location N

Acacia

Messina
Letaba
Rooipoort
Punda Maria
Mhlopeni
Mhlawula
Nylsvlei
Weenen
Tugela Ferry
Mamba
Estcourt
Tshongwe

AUWWAENULMWLWRNDWLVDN

Correlation coefficient (R)

R2

Probability (P)

Rainfall

in mm

650
735
824
869

Rainfall

in mm

281
400
420
493
650
660
663
669
756
820
824
883

Radv

in ym

130.9
147.7
112.6
153.7

Radv

in gm

203.4
152.4
132.1
139.2
126.1
161.2
157.0
169.7
164.9
180.6
139.7
149.1

-0.14

0.02
NS

Std Error Tangv Std Error Numv

in pm in pgm
6.8 113.0
5.5 141.3
7.3 110.9
13.8 131.0

Std Error Tangv Std Error Numv

in pm in ym

o
e
—

160.6
150.5
120.4
128.6
115.8
156.5
144.5
159.9
150.1
153.5
134.4
133.0

—

~
PNLNRBILSERERO

— OO

[y

-0.04

0.00
NS

Multiple regression (Radv, Tangv, Numv) R2 = 0.40, NS.

Acacia nilotica

Location N Rainfall
in mm
Mkuze 2 578
Estcourt 5 824
Hluhluwe 4 869

Radv
in gm
122.9

111.1
121.5

Std Error Tangv Std Error Numv

in pm  in pm
0.8 119.7
8.5 90.8
9.5 121.4

—2] —

Std Error
2

2
in pm per mm per mm

14.1
09.1
18.3
11.6

R 00N

QN0 = h
N O
NI hN

Std Error
2

2
in ym per mm per mm

—

NXoANWINIUNULON
- R SR Ny T N NV Ny

06.0
09.0
10.7
11.8
13.5
09.7
10.3
10.3
10.6
08.2
11.3
11.3

....
—mooONO=NO OO

NHEOHLIOVONLKLEANN

0.40

0.16
NS

Std Error
2 2
in pm per mm per mm

4 13.4 1.
1 21.0 2.
4 17.0 1.
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Xvlem Analysis

The three most important variables measured were radial vessel diameter (the diameter
of a vessel in the same plane as the direction of the rays) and tangential vessel diameter
(the diameter of a vessel at right angles to the direction of the rays) both in microns, and
the number of vessels per square millimeter. Diameters were measured for a maximum
of 50 vessels per section of wood. Mean values for radial and tangential vesscl
diameters were calculated by taking the respective means of the five largest vessels
measured. The rationale behind using the means for the five largest vessels lies in our
original hypothesis which stated that maximum vessel diameter should increase with
increasing transpiration rates and therefore greater water availability during the hot

summers.
160 = Messina = Estcourt
]
5 i = Mhiawuls Mamba
m =
(_:J_ 150 u Letaba = Ndulkatchane
Z - B Nyisviel
= ylavie
E 140 -
§ i Rensburgsprult
Q ) .
g 130 1 = Punda maria Tshongwe
120 s Roolpoont
= Mhiopen!
T T T T T
200 400 800 800

MEAN ANNUAL RAINFALL IN MM

Figure 4. Means for tangential vessel diameter of an extant sample of Acacia tortillis along a rainfall
gradient in the summer rainfall region of South Africa.

The International Association of Wood Anatomists recommends that vessel diameters
are measured in the tangential direction at the widest part of the opening excluding the
cell wall (Wheeler et al. 1989). In this study both tangential and radial vessel diameters
are measured because of the need for these values in calculating vessel area. Using the
measurements for radial and tangential vessel diameters, the computer programme
applies the area formula for an ellipse to calculate vessel area for each vessel. Total
vessel area for the section is measured by means of a points count, the rationale and
methodology of which is well documented (e.g. Clark 1982). A plastic sheet marked
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out in a 10 mm square grid is placed over the photographic image to be digitized. Total
vessel area is counted using the number of point intersects. Mean vessel area is then
calculated by dividing the sum of the areas of the measured vessels by the number of
vessels measured. This value (i.e. mean vessel area) is then divided into the total vessel
area to obtain a figure for the number of vessels in a 10 mm x 10 mm square.

Table 6. Mean values and standard error for radial (Radv) and tangential (Tangv) vessel
diameter and number of vessels (Numv) for Combretum apiculatum across a rainfall
gradient within the research area. **, 6 *** and **** denote significant differences
between means at P < 0.01, 0.001 and 0.0001 respectively.

Location N Rainfall Radv Std Error Tangv Std Error Numv Std Error
in mm in ym fjn pm in pm in pm per mm2 per mm
Messina 12 281 106.6 55 94.1 4.7 283 1.5
Letaba 9 385 92.0 4.1 81.0 2.6 33.0 2.6
Serala 9 400 99.3 4.5 86.4 2.9 23.5 1.2
Bourkes Luck 10 401 103.6 4.1 84.0 3.7 27.2 2.1
Dzata 6 412 103.8 5.8 86.7 1.5 28.0 3.1
Phalaborwa 10 420 99.3 6.0 85.2 3.4 27.5 2.1
Pafuri 10 434 102.6 7.3 89.5 4.2 33.8 2.8
Timbavati 14 439 103.1 3.6 89.0 2.8 26.6 2.1
Punda Maria 13 493 116.6 3.6 95.6 3.3 22.7 1.4
Hans Merensky 15 538 108.7 3.0 92.1 2.9 24.3 1.2
Rust de Winterdam 10 600 109.1 3.6 95.0 2.8 28.1 1.6
Ben Lavin 10 631 111.2 3.5 94.6 2.9 24.7 0.9
Nylsvlei 4 663 121.3 12.5 97.0 9.8 17.2 1.4
Barberton 9 815 115.9 7.1 95.1 6.3 22.8 1.6
Itala 10 940 131.5 7.0 105.1 4.2 18.8 1.1
Correlation coefficient (R) 0.83 0.77 -0.66
R2 0.69 0.60 0.44
Probability (P) xxxx rxx **

Multiple regression (Radv, Tangv, Numv) R2 =0.69, **,

Results and discussion

In a recent article Wilkins and Papassotiriou (1989) found that the wood anatomy of
Acacia melanoxylon from various locations in eastern Australia was related to general
climate. In this study the sample of Acacia tortillis covers a rainfall gradient from 300
mm at Messina to 960 mm at Dougvale (Mamba) in Natal. Comparisons between vessel
size (Figure 4), vessel frequency and rainfall are not encouraging as the results of a
correlation analysis do not show any statistically significant trends (Table 5 ). The
initial conclusion is that the wood anatomy of Acacia tortillis is not a good rainfall
indicator.



Table 7. Mean values and standard error for radial (Radv) and tangential (Tangv) vessel
diameter and number of vessels (Numv) for Protea roupelliae and Protea caffra across a
rainfall gradient within the research area. NS *, ** *¥* apd **** denote no significant
difference between means and significant differences between means at P < 0.05, 0.01,
0.001 and 0.0001 respectively.

Protea roupelliae
Location N Rainfall Radv Std Error Tangv Std Error Numv Std Error

in mm in pm in pm in pm in pm per mm2 per mm

Suikerbosrand 10 765 50.1 1.2 46.6 1.9 142.3 12.9
Origstad dam 10 841 53.3 1.0 48.0 1.5 78.9 55
Mhlwazini Cave 12 868 44.9 1.6 41.1 2.3 165.6 12.1
Itala 10 942 47.7 1.5 48.5 1.2 164.0 10.7
Sterkspruit 10 1005 52.1 1.3 45.7 1.7 94.0 6.8
Kamberg 20 1105 47.0 2.1 44.3 1.2 156.2 13.4
Mikes Pass 6 1153 45.6 1.2 51.2 39 124.0 18.5
Gillits 11 1368 59.8 2.1 55.6 2.0 78.8 6.2
Ngome forest 9 1410 57.8 1.0 53.4 1.1 104.2 7.7
Bourkes Luck 10 1411 56.3 1.5 52.0 1.9 106.1 5.9
Serala 9 1600 57.2 1.8 60.7 2.9 85.6 6.3
Umtamvuma 15 1664 65.6 1.3 62.6 1.5 64.5 3.0
Correlation coefficient (R) 0.77 0.88 -0.61

R2 » 0.60 0.78 0.38
Probability (P) *x XExx *

Multiple regression (Radv, Tangv, Numv) R2 =079, **.

Protea_caffra
Location N Rainfall Radv Std Error Tangv Std Error Numv  Std Error

in mm in pm in pm in pm in pm per mm2 per mm2

Oog van Malemane 5 546 59.9 4.0 54.4 2.3 53.2 7.2
Suikerbosrand 10 765 60.2 2.6 58.2 3.1 89.2 4.9
Kamberg 10 1100 63.1 2.4 65.7 1.7 55.0 5.8
Cathedral Peak 9 1153 62.8 2.8 60.1 3.2 54.2 4.4
Hluhluwe 10 1170 77.2 1.6 64.8 2.2 44.5 3.1
Umtamvuma 10 1664 71.3 2.4 713 2.2 56.1 3.6
Correlation coefficient (R) 0.66 0.93 -0.33

R2 0.44 0.88 0.10
Probability (P) NS 2% NS

Multiple regression (Radv, Tangv, Numv) R2 =0.88, NS.

The results of analysis of A. karoo (Table 5) and A. nilotica (Table 5 ) are more
promising but sample sizes are not as large as that of A. fortillis. Linear regression
analysis on twenty specimens from four locations is not statistically reliable. General

— 24—



trends, however, follow the rules established in the literature, that vessel size increases
while vessel number decreases, as rainfall increases. But, until more samples of Acacia
spp. are analyzed no categoric statements can be made on the relationship between
vessel morphology and climate.

In Combretum apiculatum (Table 6), Protea roupelliae (Table 7) and Protea caffra
(Table 7) the relationship between xylem morphology and rainfall is in accordance with
the findings of previous studies (Carlquist 1966, 1977 a & b, Baas et al., 1983, Zhang
et al., 1988 and Wilkins & Papassotiriou 1989). Those plants growing in wet
environments have larger and fewer vessels than conspecifics growing in a more xeric
environment (Table 6 & 7 and Figure 5). The results of a correlation coefficient
analysis show very strong correlations between vessel diameter and rainfall (C.
apiculatum N = 15, R = 0.77, P <0.001 (Table 6), P. roupelliae N = 12, R = 0.88, P
<0.0001 ( Table 7, Figure 5), P. caffraN = 6, R = 0.93, P < 0.01, (Table 7)). There
are also significant correlations between rainfall and vessel frequency (C. apiculatum N
=15, R =- 0.66, P <0.01, P. roupelliae N = 12, R = -0.61, P <0.5, P. caffraN = 6,
R =-0.33, P not significant (Table 7)).

Table 8. Mean values for radial (Radv) and tangential (Tangv) vessel diameter and
number of vessels (Numv) for Buddleia saligna across a rainfall gradient within the
research area. NS, *, ** denote no significant difference between means and significant
difference between means at P <0.05 and 0.01 respectively. |

Location N Rainfall Radv Std Error Tangv Std Error Numv Std

in mm in pgm in pygm in pm in pm per mm2 per

Bluegumspoort 11 599 59.1 2.4 52.3 1.7 67.9 5.4
Mhlopeni 13 650 56.2 1.0 49.7 0.8 85.0 3.8
eSinhlonhlweni 10 669 54.4 1.2 49.4 1.2 92.4 54
Olifantspoort 10 706 59.8 2.2 47.5 1.0 86.5 9.9
Suikerbosrand 10 765 57.6 1.3 51.5 1.4 88.6 5.4
Rustenburg 12 773 60.0 1.3 54.2 1.2 86.7 4.4
Estcourt 10 824 53.5 1.5 49.6 1.4 113.3 13.9
Correlation coefficients (R) -0.22 0.08 0.80

R? 0.05 0.00 0.63
Probability (P) NS NS ¥

Multiple regression (Radv, Tangv, Numv) R2=0.96, **.
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Contrary to expectations measurements on Buddleia saligna show absolutely no
correlation between the means of vessel diameter and rainfall (N =7, R = 0.08, P not
significant, Table 8). What is of note is the consistency in tangential vessel diameter
which does not vary more than 5 microns, from 49 to 54 microns. It is vessel number
that is positively rather than negatively correlated with rainfall. This relationship is not
only contrary to all expectations but also contrary to all other studies on ecological
change in wood anatomy (Carlquist 1966, 1977, Baas et al., 1983, Zhang et al., 1988
and Wilkins & Papassotiriou 1989). Our sample size is still very small (75 samples
from 6 locations, Table 4 & Table 8) with a relatively tight range in rainfall (from 600
mm to 800 mm, Table 1 & Table 8). It may be possible to more clearly identify the
results for Buddleia saligna with a larger sample from a wider range in rainfall. The
correlation between the means for rainfall and vessel frequency of Buddleia saligna is,
however, very good (N =7, R = 0.80, P <0.05).
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Figure 5. Means and standard error for tangential vessel diameter of an extant sample of Protea
roupelliae along a rainfall gradient in the summer rainfall region of South Africa.

Conclusion

From the above it was concluded that more research is needed to establish the
ecological component in vessel size and frequency variations of Acacia spp. There is no
relationship between vessel size of Buddleia saligna and rainfall. Contrary to
expectations, however, vessel frequency and rainfall are positively correlated. With an
increase in sample size the results for Acacia spp. and Buddleia saligna may be
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improved upon although it is unlikely that Buddleia saligna occurs outside of the
present rainfall range. Three of the species do, however, conform to expectations in
that, with increasing rainfall, vessel size increases while vessel frequency decreases.
These species are Combretum apiculatum, Protea caffra and Protea roupelliae (Table 6
& 7). It is these three species that form the basis of all further analysis in this report.



CHAPTER FIVE
SHRINKAGES ACCOMPANYING CARBONIZATION
Introduction

Wood shrinks when charcoaled. The exact nature of this shrinkage is not quite clear but
is approximately 40% by volume. These shrinkages are considered to be uniform, as
the ratio between cell diameter and cell wall thickness does not change in the
charcoaling process. What does change is the number of vessels in a given area. With
carbonization the number of vessels per square millimetre should increase while vessel
diameter should decrease. There has, however, been very little work done on the
physiological changes of wood with carbonization.

As elaborated on in the previous chapter, there is a good correlation between rainfall,
vessel size and vessel frequency for C. apiculatum, P. roupelliae and P. caffra. This
correlation, however, has been achieved using thin sections of fresh rather than
charcoaled wood. If wood shrinks when charcoaled then it is only possible to use
archaeological charcoal samples if the same trends established in fresh wood can be -
determined in charcoaled wood from the same climate gradient. To ascertain the
relationship between rainfall, vessel size and vessel frequency in charcoaled wood
along a climate gradient some of the fresh wood samples were charcoaled and re-
analyzed.

Methods

Five samples of C. apiculatum, P. caffra and P. roupelliae per collecting site were
chosen for analysis. Discs approximately three centimetres in length were cut and
wrapped in tinfoil. These parcels were placed in a muffle furnace the temperature of
which was gradually taken up to a maximum of 500°C after 1 hour. The furnace was
then switched off and allowed to cool down slowly. Samples were prepared for
electron microscopy as described in Chapter 3 for incident light microscopy. Tusenius
(1986:22) describes the preparation procedure necessary for working with charcoal on
the SEM. This procedure is the same for most electron microscope work. The only
deviation from the normal procedure was the adaptation of a normal electron
‘microscope stub to take a large galvanized iron washer. The charcoal pieces were
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mounted on the washer using an alkaline glue and the whole was screwed onto the stub
with a 3 mm diameter screw. The washers could then be unscrewed from the stub and
stored separately while the stub was reused. As with the fresh wood sample
measurements of size and number were then made using a custom written computer
programme linked to a Summagraphics digitizing tablet.

Results and discussion

Mean values of vessel diameter and vessel frequency for charcoaled wood are
substantially different from those for fresh wood (Tables 9 - 11). Shrinkage in
tangential vessel diameter compares well with that quoted in McGinnes, Jr. et al.,
(1971) with a shrinkage ratio of 1.70 times on conversion of wood to charcoal.
Shrinkages in radial vessel diameter, however, are much lower and more variable than
in the tangential vessel diameters. As mentioned on p. 22, the standard method of
ﬁleasuring vessel diameter according to the International Association of Wood
Anatomists (IAWA) is in the tangential direction. The consistent shrinkage factor of
40% in tangential vessel diameter between all three species of wood analysed (Tables 9
- 11) confirms the decision to conform to IJAWA standards in determining vessel
diameter.

The number of vessels in a given area is, of course considerably increased. From the
shrinkage factors produced by Beall et al., (1974), Cousins (1975) calculated this
increase to be as much as a doubling of cells in a given cross section of the original
wood. The results for P. caffra and P. roupelliae confirm Cousins (1975) calculations
in that vessel frequency increases by 1.85 times (40%) for P. roupelliae and 1.95 times
(46%) for P. caffra in the conversion of wood to charcoal (Table 10 & 11).
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Table 9. Mean values and standard error for radial vessel diameter (Radv), tangential
vessel diameter (Tangv) and number of vessels (Numv) for Combretum apiculatum
along a rainfall gradient within the research area. Values are both before and after
carbonisation at 500°C. NS, * and ** denote no significant difference between means
and significant differences between means at P < 0.05 and 0.01 respectively.

Mean __values

Charcoaled wood Fresh wood % shrinkage

Location Rainfall Radv Tangv Numv Radv Tangv Numv Radv Tangv Numv

. 2 2

in mm in gm in gm per mm in pgm in gm per mm % % %
Messina 281 66.1 46.7 125.0 109.2 984 30.0 39.5 526 76.0
Letaba 385 68.1 493 86.8 839 78.6 343 243 373 60.5
Serala 400 77.5 464 179.2 102.9 88.6 244 24.6 477 69.2
Bourkes Luck 401 114.5 76.5 41.1 112.2 90.1 21.7 -2.0 151  47.1
Dzata 412 64.0 36.6 65.1 105.6 875 273 39.4 58.2 58.1
Phalaborwa 420 95.6 60.1 56.7 100.2 81.0 26.7 4.6 258 53.0
Pafur 434 72.5 43.5 933 101.8 899 31.8 28.8 51.6 659
Timbavati 439 70.9 479 75.0 103.3 915 294 314 47.7 60.8
Punda Maria 493 757 455 983 120.6 99.1 23.8 37.2 541 75.8

Hans Merensky 538 81.5 53.0 70.6 110.8 100.0 25.6 26.4 47.0 63.7
Rust der Winter 600 76.1 43.8 895 107.3 92.7 297 29.0 52.8 66.9

Ben Lavin 631 73.0 46.2 65.8 115.2 99.9 23.5 36.6 53.8 64.2
Barberton 815 104.2 67.4 4l1.1 114.2 94.3 20.9 8.8 28.6 49.2
Itala 942 84.2 522 56.5 117.8 102.1 20.4 28.6 48.8 63.8
Correlation coefficient (R) 0.30 0.19 -0.50 0.56 0.51 -0.61

R2 0.09 0.04 0.25 0.31 0.26 0.38

Probability (P) NS NS NS NS NS *x

Multiple regression (Radv, Tangv, Numv) fresh wood R2 =0.45, NS.
charcoaled wood R2 =0.31,NS.

standard error

: Charcoaled wood Fresh wood
Location N Radv Tangv Numv Radv Tangv Numv
Messina 5 4.4 3.7 138 9.7 9.5 1.2
Letaba 5 2.1 2.2 53 3.8 2.9 3.3
Bourkes Luck 5 4.9 3.4 3.2 53 3.9 1.5
Dzata 4 34 1.3 16.8 8.6 1.2 4.5
Phalaborwa 5 6.4 6.2 4.6 9.0 4.7 2.7
Pafun 4 0.8 0.5 122 6.5 2.6 2.5
Timbavati 5 3.4 3.1 6.3 4.5 4.8 4.2
Punda Maria 5 4.1 2.0 16.2 4.7 2.0 1.8
Hans Merensky 5 5.1 3.6 5.9 57 4.6 1.4
Rust de Winterdam 5 4.5 2.6 7.7 5.7 3.9 2.9
Ben Lavin 5 3.4 1.2 127 34 2.4 1.4
Serala 5 4.3 1.4 18.4 6.7 4.0 1.8
Barberton 5 4.2 3.5 2.8 4.3 3.4 1.8
Itala 5 4.0 3.6 6.6 3.9 4.0 1.7
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Table 10. Mean values and standard error for radial vessel diameter (Radv), tangential
vessel diameter (Tangv) and number of vessels (Numv) for Protea roupelliae along a
rainfall gradient within the research area. Values are both before and after carbonization
at S00°C. * ** and *** denotes significant differences between means at P < 0.05,
0.01 and 0.001 respectively.

mean values

Charcoaled wood Fresh wood % shrinkage
Location Rain Radv Tangv Numv Radv Tangv Numv Radv Tangv Numv
2 2

in mm in gpm in pm per mm in gm in gm per mm % % %
Suikerbosrand 765 386 233 3523 50.5 454 1543 23 48 56
Origstad dam 841 458 27.2 3248 529 468 8l1.1 13 41 75
Mhlwazini 868 389 314 3109 44.5 42.6 178.0 12 26 42
Itala 942 46.6 28.2 301.8 48.2 499 169.5 3 43 43
Sterkspruit 1005 46.2 27.5 265.4 52.9 46.7 8l.1 12 41 69
Kamberg 1105 394 251 383.6 43.9 46.8 186.3 10 46 51
Mikes Pass 1153 41.4 27.2 3144 46.5 52.6 1254 11 48 60
Gillits 1368 62.3 404 834 59.1 534 725 4 30 20
Ngome forest 1410 54.4 303 1403 58.5 53.6 94.0 7 43 32
Bourkes Luck 1411 47.5 28.0 320.0 55.4 47.6 111.9 14 41 65
Serala 1600 50.8 32.8 1540 553 593 846 8 44 45
Umtamvuma 1664 62.4 40.0 147.8 64.5 60.3 64.0 3 33 56
Correlation coefficient (R) 0.75 0.68 -0.73 0.72 0.85 -0.58
R2 0.57 0.46 0.53 0.52 0.73 0.34

X% % % xx X% x

Probability (P)
Multiple regression (Radv, Tangv, Numv) fresh wood R2 =0.77, **,
charcoaled wood R2 =0.58, *

standard error

Charcoaled wood Fresh wood
Location N Radv Tangv Numv Radv Tangv Numv
Suikerbosrand 5 2.1 1.8 18.1 24 22 220
Origstad dam 5 1.5 1.7 25.1 24 1.1 10.6
Mhlwazini 10 1.5 1.6 221 3.7 2.4 106
Itala 5 1.9 0.8 8.3 24 1.6 106
Sterkspruit 5 0.7 1.2 246 7.0 2.8 8.6
Kamberg 5 1.0 1.4 14.7 37 29 202
Cathedral Peak 5 1.4 1.8 33.7 1.6 45 22.1
Gillits 5 2.3 1.8 5.9 1.0 25 7.4
Ngome forst 5 38 2.3 2.2 0.8 1.9 8.9
Bourkes Luck s .29 1.1 6.7 1.0 1.2 6.8
Serala 5 33 1.1 3.0 1.7 4.4 9.6
Umtamvuma 5 3.1 23 5.6 1.9 2.7 3.9

There are no statistically significant results for C. apiculatum although general trends do
indicate that vessel sizes increase while vessel frequency decreases with increases in
rainfall (Table 9). The lack of statistical significance for C. apiculatum is probably due
to the fact that sample sizes for the charcoaled wood are substantially smaller than for



fresh wood by at least 50%. As with the fresh wood comparative sample these
correlations should become more significant as sample sizes increase. Results are,
however, sufficient to indicate that the climatic significance of vessel size and frequency
is maintained when wood is charcoaled. The results also indicate the necessity for large
sample sizes in both an extant wood charcoal sample as well as archaeological charcoal
sample in order to maintain statistical integrity. Sample sizes for the extant charcoal
sample should be increased from five per location to a minimum of ten.

Table 11. Mean values and standard error for radial vessel diameter (Radv), tangential
vessel diameter (Tangv) and number of vessels (Numv) for Protea caffra along a
rainfall gradient within the research area. Values are both before and after carbonisation
at 500°C. N = 5, NS denotes no si gnificant difference between means.

Mean values

Charcoaled wood Fresh wood % shrinkage

Location Rain Radv Tangv Numv Radv Tangv Numv Radv Tangv Numv

in mm in pm in ym per mm in pym in gm per mm % % %
Suikerbosrand 765 61.1 33.4 166.2 67.0 60.6 76.1 8 44 54
Kamberg 1105 648 388 826 62.5 658 56.7 -3 41 31
Cathedral Peak 1153 57.0 30.4 161.5 59.6 58.7 579 4 48 64
Hluhluwe 1170 76.0 457 952 78.0 68.1 45.0 2 32 52
Umtamvuma 1664 77.7 47.6 943 743 709 53.9 -4 32 42
Correlation coefficient (R) 0.68 0.69 -0.56 0.40 0.72 -0.63
R2 0.46 0.48 0.32 0.16 0.52 0.40
Probability (P) NS NS NS NS NS NS

Multiple regression (Radv, Tangv, Numv) fresh wood R2 =0.63, NS.
charcoaled wood R2 =0.53, NS.

Standard error
Charcoaled wood Fresh wood
Location Radv Tangv Numv Radv Tangv Numv

in ym in pm per mm2 in gm in pgm per mm

Suikerbosrand 2.2 1.4 14.4 2.6 4.5 3.0
Kamberg 4.3 3.5 8.2 2.7 2.0 9.1
Cathedral Peak 3.6 2.4 31.1 2.5 3.6 3.3
Hluhluwe 33 1.2 7.0 1.7 3.1 2.0
Umtamvuma 4.7 1.6 14.4 3.0 2.4 5.4
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Conclusions

In C. apiculatum vessel diameter is positively while vessel frequency is negatively,
correlated to rainfall. These results are not statistically significant. Charcoaled samples
of P. roupelliae and P. caffra, however, do show a significant correlation between
rainfall and vessel diameter (Table 10). On the basis of these results a well identified
archaeological charcoal sample may be analysed in order to reconstruct the rainfall
history of the research area. The results for P. roupelliae may prove to be the most
reliable. Further research on C. apiculatum is necessary before reliable results can be
obtained from this species. This reliability can be verified with a comparison of the
results for C. apiculatum and P. roupelliae from well-dated archaeological sites.

In the course of the analysis it has been determined that different species react to
carbonization differently. These different responses in vessel morphology to
carbonization mean that all archaeological charcoal samples have to be positively
identified to species level before comparisons can be made between an extant wood
sample and a prehistoric sample.

—33—



CHAPTER 6

IDENTIFICATION AND ANALYSIS OF ARCHAEOLOGICAL
CHARCOAL

Introduction

The results from both treatments of the extant wood sample indicate that different
species exhibit different responses in vessel size and frequency to increases in rainfall
(Tables 6 - 11). Buddleia saligna does not increase vessel size,' rather it is vessel
frequency that increases (Table 8). Mean values for vessel diameter of Protea caffra are
lower than those for Protea roupelliae (Tables 7, 10 & 11). These differences in vessel
morphology between different species mean that all archaeological charcoal samples
have to be positively identified prior to further analysis.

At Mhlwazini Cave and Collingham Shelter the major woody species identified in the
archaeological charcoal sample is Protea sp. or spp. The genus Protea has a wide
distribution range throughout Africa, with according to Rourke (1980) 13 species in the
summer rainfall region of South Africa. Only two of these 13 species occur in the
vicinity of Mhlwazini Cave today. On a collecting trip to the area only one specimen of
P. caffra was found within two kilometres of the cave while a number of specimens of
P. roupelliae were available. This situation may have changed at some point within the
last 2000 years so both species were examined in this study. At Collingham Shelter
there is absolutely no Protea growing in the vicinity of the site today even though more
than 30% of the charcoal sample from this site can be identified as Protea sp. or spp.
Both these archaeological sites are located at similar altitudes (Collingham shelter 1800
m & Mhlwazini cave 1860 m). According to Edwards (1967) and Mazel (1990 & 1992)
these sites are located in the Profea Savanna belt of the Natal Drakensberg with a similar
mean annual rainfall and temperature regime.

P. caffra and P. roupelliae are two of the largest and tallest Protea species in the
summer rainfall area today. The wood anatomy of these Protea spp. has not been
described at all, although Rourke (1980) has given a good systematic description of the
genus Protea including both P. caffra and P. roupelliae. P caffra varies from an erect
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shrub or small tree 3 - 8 m in height, with a distinct main stem or trunk about 400 mm
in diameter, to an erect shrub 500 mm to 2 m in height, with many branches and
lacking a definite trunk. P. roupelliae forms a small many branched tree with a short
main trunk about 200 to 400 mm in diameter (Rourke 1980).

Descriptions

In order to positively identify the Protea and Combretum species from the charcoal in
archaeological sites the anatomical structure of the wood has to be recognized. The
anatomy of P. roupelliae and P. caffra have not been previously described while C.
apiculatum has been described by Kromhout (1975). The descriptions presented below
are based on the examination of 169 Combretum apiculatum, 132 Protea roupelliae and
55 Protea caffra thin sections (Table 4). Sample preparation was the same as that
described in Chapter 4. With no Protea growing at Collingham Shelter, it is impossible
to compare the generalized anatomy of either P. roupelliae or P. caffra with that of
corresponding specimens which could have grown in the vicinity of the shelter. Only
P. roupelliae can be compared anatomically with samples from the vicinity of
Mhlwazini Cave, where one growing specimen of P. caffra was encountered.

P. roupelliae

Growth rings indistinct to distinct. Diffuse porous to ring porous.

Vessels solitary and often tangentially arranged. Larger vessels between 40 and 65 ym
in diameter. Between 65 and 165 vessels per mm>. Vessel element length was not
measured but perforation plates are simple. Intervessel pitting alternate, no spiral
thickening.

Fibres are thick walled.
Axial parenchyma unilateral paratracheal.

Rays of two distinct size classes. Smaller rays 1 - 3 cells wide and larger rays 4 - 10
cells wide in tangential section. Ray height greater than 1 mm and seldom more than 3
mm. In transverse section larger rays often have a herring bone pattern as ray cells can
be rhomboidal. Average ray area 20% of total area measured.
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P. caffra
Growth rings indistinct. Vessels occasionally arranged tangentially.

Vessels solitary dif: fuse porous can be tangentially arranged. Larger vessels between 55
to 85 um in diameter. Between 45 to 90 vessels per mm®. Perforation plates simple.
Intervessel pitting alternate, no spiral thickening. Vessel element length was not

measured.
Fibres thick walled.
Axial parenchyma predominantly paratracheal. Can be unilaterally paratracheal.

Rays of two distinct size classes. Smaller rays 1 - 3 cells wide. Larger rays 4 - 10 cells
wide. Ray height greater than 1 mm frequently being greater than 5 mm. In transverse
section larger rays often have a herring bone pattern as ray cells can be rhomboidal.
Average ray area 30% of total area measured.

Combretum apiculatum

Growth ring boundaries intermediate between distinct and indistinct.

Vessels solitary diffuse porous. Larger vessels between 80 and 100 ym in diameter.
Between 15 and 35 vessels per mm?. Perforation plates simple. Cambial variant,
included phloem, tangentially arranged and diffuse. Vessel element length not

measured.
Fibres thick walled.
Axial parenchyma aliform and aliform confluent.

Rays 1 cell wide occasionally 2 cells wide. Horizontal cells forming 'canals' prominent
in radial section. These ‘canals' often filled with crystals. The crystals are also
prominent in the ray cells in tangential view. Even after the wood is charcoaled these

white crystals are still very prominent.
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Results of archaeological charcoal sample analysis

When charcoaled, differences between the two species of Protea are in tangential vessel
diameter (mean values for P. caffra 38 ym and P. roupelliae 30 ym, see Tables 10 &
11) and in number of vessels (mean values for P. caffra 126 per mm? and P. roupelliae
300 per mmz, see Tables 10 & 11). Within a normal distribution, however, the two
ranges do unfortunately overlap making it extremely difficult to quantify the differences
between P. caffra and P. roupelliae on anatomy alone.

Table 12. Mean values and standard error for radial vessel diameter (Radv) tangential
vessel diameter (Tangv) and number of vessels (Numv) for Protea roupelliae from the
archaeological sites Mhlwazini cave and Collingham shelter and Combretum apiculatum
from the Iron Age village of Dzata (see Table 3 & Figure 2).

Protea roupelliae

Archaeological N R.C. Layer Radv Std Error Tangv Std Error Numv Std Error
site Date (BP) in pm in pm in pym in gm per mm2 per mm
Mhlwazini 10 Modern MOD 38.9 1.5 31.4 1.6 310.9 22.1
Mhlwazini 13 190+45 MBS 40.5 1.5 353 1.6 224.0 14.6
Mhlwazini 16 320440 BS2 40.2 2.1 33.1 1.2 227.2 22.2
Mhlwazini 11 580+50 WMAC 40.3 2.5 33.5 1.5 208.9 29.0
Collingham 25 1260+50 TBS 42.7 1.7 32.0 1.0 249.9 14.2
Collingham 26 1800+50 BSV2 42.9 1.3 34.8 1.1 257.2 14.9
Collingham 26 1880+45 BSV3 44.6 1.6 35.2 1.0 314.6 19.5
Mhlwazini 12 2280+50 AOBS 43.1 1.5 36.1 1.9 152.7 » 155
Combretum _apiculatum

Archaeological N R.C. Layer Radv Std Error Tangv Std Error Numv Std Error
site Date (BP) in pm in pm in um in pm per mm2 per mm
Dzata 5 0 MOD 64.6 3.4 37.0 1.3 56.5 16.8
Dzata 5 260+70 T217b  61.1 1.4 43.6 0.6 57.4 4.9
Dzata 8 290+50 T212 66.0 1.5 47.2 0.7 76.8 9.4
Dzata 6 370+40 T2/5w  63.3 1.3 41.6 0.7 95.3 19.4

As ray height of P. roupelliae seldom exceeds 3 mm whereas that of P. caffra often
does, ray height was considered a reasonable defining feature, although there is still
some overlap between the two species. When sorting the archaeological sample from
both Collingham Shelter and Mhlwazini Cave on the basis of ray height it was found
that the majority of samples were probably P. roupelliae. Mean values for vessel size
and frequency confirm this identification.
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The results of analysis of fresh wood samples of C. apiculatum, P. roupelliae and P.
caffra along a gradient in the summer rainfall area has shown that vessel size increases
while vessel frequency decreases with increases in rainfall (Table 6 - 11). The highest
correlations are achieved when correlating mean annual rainfall to tangential vessel
diameter (Table 6 - 11). This correlation persists even when wood is charcoaled
although a correlation coefficient analysis on the means for P. roupelliae (Table 10) has
a higher statistical significance than for C. apiculatum (Table 9).
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Results for tangential vessel diameter of the Protea spp. from Mhlwazini Cave and
Collingham Shelter indicate that vessels were much larger at + 2300 B.P. steadily
decreasing in size to + 1300 B.P. before increasing again somewhat to + 200 B.P.
. before decreasing to the present sizes (Table 12, Fig 6). The suggestion is that there is a
general decrease in rainfall from + 2300 B.P. to the present. Indicated within this trend
is a decrease in rainfall from 2300 B.P. to 1300 B.P. with low rainfall between £1300
B.P. and + 300 B.P. before an increase at 200 B.P prior to a decline to present levels
(Table 12 Figure 6). Using a smaller sample (19 specimens from 3 layers) of
Combretum apiculatum from the Iron Age village of Dzata. a similar pattern in rainfall
for the last 400 years is indicated (Table 8, Figure 6).

The remarkable similarity for Collingham Shelter, Mhlwazini Cave and Dzata reinforces
the integrity of the results. These results also fit what little evidence there is from South
Africa documenting climate change over the last two thousand years. It would appear
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from the work of Butzer et al. (1978 & 1984), Klein (1980), Cooke and Verstappen
(1984) and others, that at about 3000 B.P. conditions in the summer rainfall region of
South Africa were generally much wetter than at present (Tyson 1986). In addition,
Smith (1992) has tentatively suggested a single flood event of the Orange river dated to
+2400 B.P. which is the exact radiocarbon age of the charcoal from Mhlwazini Cave
identified from this study as being from a wetter period.

The period from about 1100 B.P. (900 A.D.) to 300 B.P.(1700 A.D.) has been called
the Little Ice Age, a world wide phenomenon which is not as extensively documented
in the southern Hemisphere as it has been in the northern. What evidence there is does,
however, suggest that the Little Ice Age in South Africa was the coolest and driest
period within the last 10 000 years (Tyson & Lindesay 1992). A reinterpretation of the
tree ring data of Hall (1976) and Dunwiddie and Le Marche (1980) by Tyson (1986)
shows below normal tree growth from at least the fourteenth century to the mid
sixteenth century in response to the cooler drier conditions prevalent at the time. With
climatic amelioration at about 1700 A.D. (300 B.P.) warming occurred and summer
rainfall increased. The Karkloof tree ring sequence (Hall, 1976) shows an increase in
growth at about 1760 which may be associated with this amelioration (Tyson 1976).

Rainfall trends through the nineteenth century data are rather more ambiguous and there
are two schools of thought. Acocks (1955) may have been the first to record the
expansion of the Karoo veld into grassland. Early research intimated that any expansion
of the Karoo into grassland was the result of bad farm management coupled with a
general decrease in mean annual rainfall. More recently Tyson (1986), Vogel (1989)
and Avery (1991) have shown that the case for progressive desiccation is unjustifiable.
Rather, they propose that the situation has been very much more dynamic with
fluctuations in rainfall around a mean with wetter and drier cycles. The results of the
analysis of the archaeological charcoal from Dzata, Collingham and Mhlwazini does
show conditions to be much drier at present than at any other time within the last +200
years.
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CHAPTER SEVEN
CONCLUSIONS AND RECOMMENDATIONS
Introduction

This report discusses the procedures used in the development of a new method for
climate reconstruction using wood charcoal excavated from archaeological sites. A
result of this work has been a contribution to the reconstruction of the rainfall history of
the last 2000 years in the summer rainfall region.

Previous studies have indicated a link between vessel diameter, vessel frequency and
climate (Carlquist 1977 a & b, Baas 1982, Baas ef al. 1983, Zhang et al. 1988). These
researchers have pointed out that the diameter of xylem vessels decreases, while the
vessel frequency increases with increasing drought. Scholtz (1986) was the first to
realize the potential for using the variation in anatomy of wood charcoal from
archaeological sites to infer palacoclimatic change. Scholtz (1986) developed a
computer based technique for measuring a wide range of potentially ecoclimatically
significant variables observable in a cross section of wood. The present study was a
systematic application of Scholtz's approach to palaeoclimatic reconstruction in order to
test its applicability and precision. '

The three questions that are important here are:

(1) What is the relationship between vessel size, vessel frequency and rainfall?

(2) If there is a good correlation between these variables, then does this correlation still
hold even when wood is charcoaled?

(3) In a reconstruction of climate change using xylem analysis of wood charcoal what is
the precision with which we can reconstruct rainfall from the archaeological
record?

The project will now be viewed in the light of these three questions.



Results and . recommendations for future research

Question 1: What is the relationship between vessel size, vessel frequency and
rainfall?

As has been stated previously a number of studies have shown the relationship between
vessel size, vessel frequency and climate. In the present study the wood anatomy of a
number of trees and shrubs were analysed across a rainfall gradient in order to
determine the exact relationship between vessel size, vessel frequency and rainfall for a
number of woody species endemic to the summer rainfall region of South Africa. In
this analysis the cross sectional xylem anatomy of Acacia tortillis, Acacia karoo, Acacia
nilotica, Combretum apiculatum, Protea roupelliae, Protea caffra and Buddleia saligna |
are related to rainfall.

The results for the Acacia karoo and Acacia nilotica sample indicate a general tendency
for vessel size to increase and vessel frequency to decrease with increases in rainfall
(Table 5). Sample sizes are however, too small to obtain statistically significant results.
Results for the much larger sample of Acacia tortillis do not however, show any
statistically significant trends between vessel diameter, vessel number and rainfall
(Table 5).

For Combretum apiculatum, Protea roupelliae and Protea caffra the relationship
between xylem morphology and rainfall indicates that xylem vessel size is positively,
and vessel frequency negatively, correlated with rainfall (Tables 6 & 7). Vessel
diameter of Buddleia saligna does not show any correlation with rainfall but vessel
frequency is positively correlated (Table 8).

From the above it was concluded that with increasing rainfall, vessel size increases
while vessel frequency decreases in C. apiculatum, P. roupelliae and P. caffra (Tables

6 & 7). This cannot be taken as a general premise, however, since it was found, for
| example, that Buddleia saligna does not show any change in vessel size, yet vessel
frequency is positively related to rainfall (Table 8). More research is needed to establish
the ecological component in vessel size and frequency variations of Acacia spp.
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The difference in responses of the various species to rainfall enforces the need to
positively identify all archaeological samples to species level before comparisons can be
made between an extant wood sample and a prehistoric sample.

Question 2. If there is a good correlation between vessel frequency, vessel diameter
and rainfall, then does this correlation still hold even when wood is charcoaled?

In an attempt to ascertain the relationship between rainfall, vessel size and vessel
frequency in charcoaled wood along a climate gradient, five samples of C. apiculatum,
P. roupelliae, and P. caffra per collecting site were charcoaled and re-analyzed (Tables
9 - 11). The results of this experiment indicate that in the Protea samples there is a
strong correlation between vessel size vessel frequency and rainfall, even when wood
is charcoaled. The results of a correlation coefficient analysis on the relationship
between rainfall and vessel diameter for charcoaled samples of C. apiculatum are not
statistically significant although the general trends still hold true (Table 9). It is felt that
the statistical significance of the Combretum sample should improve with an increase in
sample size.

Question 3: In a reconstruction of climate change using Xylem analysis of wood
charcoal what is the precision with which we can reconstruct rainfall from the

archaeological record?

If it is possible to obtain statistically significant correlations between rainfall, vessel size
and vessel frequency for charcoaled wood, then the same should hold true for
archaeological charcoal. Wood charcoal from three archaeological sites identified as P.
roupelliae and C. apiculatum show that there is a general decrease in rainfall from a
peak 2500 years ago to about 800 A.D. after which followed a dry period for about 900
years to 1700 A.D., when rainfall increased briefly before declining to present levels.
There is a good regional fit between the results of this study and other evidence
documenting climate change in southern Africa (Butzer et al., 1978 & 1984, Klein
1980, Cooke & Verstappen 1984, Tyson 1976, Avery 1991, Smith 1992).

Apparent time discrepancies can probably be explained by geographic variations, lag
times and dating problems. The resolution of the time series is, however, insufficient to
allow detailed interpretation of rainfall conditions over the last 2000 years. Some
generalized patterns of wetter and drier periods can be postulated, however, which

~
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suggest that it should be possible to use wood charcoal from archaeological sites to
determine patterns in rainfall through time more comprehensively. As there are
abundant assemblages of charcoal from archaeological sites, the only limitations on this
method of obtaining proxy rainfall data are the resolution of the radiocarbon dates and a
suitable distribution of sites in time.

Concluding remarks

As the methods have now been established, future research efforts should focus on
expanding the archaeological database both spatially and temporally so that a more
detailed reconstruction of the climatic history of the last 2000 years can be made. These
methods should work efficiently on Protea spp. A priority for future research should be
to establish whether a significant relationship can be found between rainfall and vessel
diameter for the present sample of charcoaled C. apiculatum.

The results are site specific and there are large gaps in the dating, but encouraging
correlations with other lines of evidence suggest that the methods used in this study are
useful at providing rainfall estimates. A larger sample of well-dated charcoal should be
analysed in order to obtain a more cohesive picture of rainfall change through time.

A major emphasis in any future research should be to determine the range in rainfall
over the last 300-400 years. From the evidence presented in this study it is suggested
that when colonial farmers first moved into the summer rainfall region mean annual
rainfall was much higher than at present.

Stable carbon isotope ratios of wood across a rainfall gradient exhibit some interesting
results (Appendix 1). In view of these results the use of stable carbon isotope values of
wood charcoal from archaeological sites, as an adjunct to Xylem analysis, may prove to
a valuable means of determining changes in rainfall patterns through time.
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APPENDIX 1

STABLE CARBON ISOTOPE ANALYSIS OF COMBRETUM
APICULATUM ALONG A RAINFALL GRADIENT

Introduction

Recent studies suggest that plant 12¢/13C ratios not only react to atmospheric CO2

levels but are also good indicators of water available to plants (Freyer & Belacy 1983,
Leavitt & Long 1986). When CO2 is absorbed by plants the heavier Bc isotope is
discriminated against relative to the much lighter 2¢ isotope due to the diffusion effect

of the stomates and the kinetic effect of the chemical reactions. With increased water
stress stomatal closure results in reduced CO2 uptake and therefore more positive a3c

values. Ehleringer and Cooper (1988) sampled various species along a moisture
gradient in California and identified a change in 3'C values from -24° _in the driest

habitats to '260/00 in the wetter habitats. It is this relationship between a">C values and

the amount of water available to the plant that was investigated using a sample of
Combretum apiculatum from the research area.

Methods

All stable carbon isotope analysis was carried out in the Archacometry Laboratory at the
University of Cape Town. Sections of whole wood weighing approximately 0.02
grams from close to the outer margin of the wood, but not including the phloem, were
analysed. Sample combustion was in sealed quartz tubes as described by Sofer (1580).
The sample, copper oxide and a piece of silver foil were loaded into quartz tubes, the
tubes evacuated to less than 10° Torr, sealed off with an oxy-butane torch and heated
for a minimum of 4 hours at 800°C. The CO, produced was separated from any

nitrogen and water vapour on a gas separating line (see Sealy 1986 for a full description

613C measurements were carried out on a 90° sector, double

of the methodology).
collector Micromass 602E spectrometer with a dual inlet system. The references were
made against a laboratory reference gas related to the Chicago PDB marine carbonate
standard by calibration against 6 NBS reference standards (see Van der Merwe 1982

and Sealy 1986).



Table 13. 6'3C__values for whole wood samples of Combretum apiculatum along a
rainfall gradient in the north eastern Transvaal.

13

Location N aC Std Precip
mean
Messina 4 -23.24 0.7 281
Letaba 4 -25.36 0.38 385
Bourkes Luck 3 -24.64 0.84 401
Pafun 3 -24.72 0.66 434
Punda Maria 3 -25.2 0.55 493
Itala 3 -26.57 0.89 942
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Figure 7. Stable carbon isotope ratios of Combretum apiculatum along a rainfall gradient in the
research area.

Results and discussion

The results (Table 13 & Fig. 7) are entirely consistent with those of Ehleringer and
Cooper (1988). There is a clear relationship between 3'3C values of a Combretum
apiculatum sample and rainfall in the research area (N = 6, R = 0.83). This relationship
between 8°>C values and rainfall was established on whole wood. Most previous
studies use the cellulose extract from wood. In order to identify changes in 3"3C values
through time using wood charcoal the same relationships have to be established on a
charcoaled wood sample across a rainfall gradient. Within the research objectives of a
follow up project is an assessment of the potential for using stable carbon isotope ratios
of wood charcoal as a climate indicator. It may be possible to pinpoint oscillations in
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precipitation through changes in 8'2C values of the charcoal from archaeological sites
through time (February & van der Merwe 1992).

Conclusion

The use of ">C values of wood charcoal from archaeological sites as an adjunct to
xylem analysis may prove to be a valuable means for determining changes in rainfall
patterns through time. 8'3C values of the two species of Protea represented in the
Drakensberg material may also prove to be a factor in determining the differences
between the two species.



APPENDIX 2
ARCHIVING OF DATA GENERATED FROM THIS STUDY

At its conclusion the raw data generated by the project should be appropriately stored
for future retrieval. At present data is stored on computer in custom written files. This
will be amended over the next year to storage within the computerised database
presently being developed by the South African Museum. This will provide greater
security and a more general knowledge of the computer storage system. All computer
generated data will also be stored on 720 k 3 inch computer disks and housed in the
library of the S.A. Museum along with all 35 mm slides, black and white photographs
and a copy of this report.

'f‘he wet and dry wood collections as well as the microscope slides should be
transferred on a long-term loan basis to the Botany Department of the University of the
Western Cape. This should be on the understanding that the South African Museum
will have access thereto, and remains the owner thereof. The transfer of material to the
University of the Western Cape should only take place once all Water Research
Commission related projects of this nature at the South African Museum have been
completed.

All archaeological charcoal samples will be returned to the various institutes from which
they were obtained. In most cases these have been loaned to the project and should be
returned as soon as all WRC related projects have been completed.

'
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