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4.1 Introduction

T

he expansion and development of
the petrochemical industry in the
post-World War II era was no doubt
responsible at that stage for chemistry globally attracting some of the largest classes
at universities. Chemistry graduates had no
difficulty in obtaining employment, often
being able to pursue research at larger local chemical companies. Although South
Africa did not have multinational chemical companies like countries in Western
Europe or the United States, chemistry in
this country was nonetheless considered
a subject worth pursuing and one where
employment was almost guaranteed. From
the mid-1980s, however, in spite of the considerable increase in the total number of
students attending tertiary institutions in
South Africa, chemistry student numbers
remained more or less static, and compared
with commercial and financial subjects,
there was a relative decline in the popularity
of the subject. Furthermore, over the period
from 1997-1998 to about 2002-2003 there
was an almost 50% decrease in student
numbers, although the current numbers
appear to have returned to those of 19971998. Some of the reasons for this decline
were global, with chemistry often being ac1

cused of being responsible for many woes
of the world, while the 1990s saw a major
rationalisation of the chemical and pharmaceutical industries. However, the number of
students in chemical areas graduating from
technikons remained static over the fiveyear period mentioned above, with a slight
increase since then.
1

The early 2000s witnessed major changes
in the tertiary education landscape in
South Africa as a consequence of the government’s decision to rationalise most of
the universities and technikons (see Chapter 1). Notwithstanding these merger processes, which have undoubtedly led to some
rationalisation as far as departments (or
schools as they are commonly now known)
of chemistry are concerned, the country
still has 20 tertiary institutions with chemistry departments, with some schools/departments being located on more than one
campus.
An important source of employment several decades ago for those who wished to
pursue careers in chemistry research was
the National Chemical Research Laboratory (NCRL) at the Council for Scientific and

Technikons were higher education institutions in South Africa that focused on technological training. They are now called universities of
technology.
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Industrial Research (CSIR) and some of the
country’s outstanding research emanated
from it. Equally important, the laboratory
was a nursery for university academics, and
many university professors, most of them
now retired, started their careers at the
NCRL. Similar to the universities, the CSIR
underwent a radical rationalisation process
in the late 1980s brought about by financial
constraints that forced it to increase its income from the private sector and to bring
it closer to meeting the developmental and
societal needs of the country. This necessitated a paradigm shift from a ‘blue skies’ approach to research to one of relevance, and
one in which the CSIR needed to play an
integrated role in the national science and
technology strategy. This structural change
resulted in the formation of totally new divisions, such as Processing and Chemical
Manufacturing Technology and Food Science and Technology within the CSIR and
the effective closure of the national laboratories such as the NCRL and the National
Physics Research Laboratory (NPRL). Clearly
this structural change had a major impact
on the fundamental research output of this
country. However, recent policy shifts resulting from the ‘Beyond 60’ 2 vision at the
CSIR have been accompanied by a new approach, in which research programmes remain relevant but have again become more
fundamental in nature.
Two other statutory bodies which employ
research chemists are Mintek (previously
the Council for Mining Technology and
2

subsequently the National Institute for
Metallurgy (NIM)) and the Nuclear Energy
Corporation of South Africa (Necsa) (previously the Atomic Energy Board (AEB)). The
research carried out by Mintek is, not surprisingly, very focused and in line with the
mandate of the organisation; the research
has a more developmental and less fundamental bias, but all the same some outstanding achievements have been made.
The focus of the research programme at
Necsa is biased towards physics and engineering, but does include some work on
radiochemistry and fluorine and uranium
chemistry.
Many industrial organisations in South Africa employ chemists but purely in a quality-control capacity. Probably the only
exceptions to this have been AECI (previously African Explosives and Chemical Industries), Sentrachem and Sasol. Both AECI
and Sentrachem have ceased their research
operations, however, the former as a consequence of major financial constraints and
the latter as a consequence of the company
being taken over by Dow Chemicals. Sasol
has gradually increased its research output,
and today is a major employer of research
chemists. A more detailed account of its
contribution to South African science is
provided below.
Until relatively recently, technikons had
essentially no, or a very limited, research
ethos. The National Research Foundation
(NRF) has addressed this situation by in-

The Beyond 60 vision aims to strengthen and transform the CSIR’s S&T base so as to refocus on scientific research as the core of
the organisation.
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troducing special funding programmes to
encourage and promote research at these
institutions. The programme has met with
some success, and there has been a considerable improvement in the research
outputs at some of the new universities of
technology.
The Department of Science and Technology (DST) has taken on a direct role in promoting and shaping South Africa’s research
future by providing the funding for the Innovation Programme, for research chairs
at universities, and for the establishment
of centres of excellence (see Chapter 1).
Chemistry has been one of the main beneficiaries of this source of funding.
Chemistry is taught and undoubtedly will
continue to be taught, particularly in the
earlier undergraduate years, through the
traditional sub-disciplines of inorganic, organic and physical and, in many cases, analytical chemistry. Furthermore, although
research in chemistry is becoming increasingly interdisciplinary, chemists still operate essentially within their sub-disciplines.
As a consequence, the state of South African chemistry research is reported below
by sub-discipline but with industry and the
statutory bodies being treated separately. It
needs to be emphasised that this overview
focuses on highlights and is not intended
to be comprehensive.

4

4.2 Inorganic chemistry

A

lthough classical inorganic chemistry research had been practised at a
number of South African universities
for some time, the birth of so-called modern inorganic chemistry in South Africa effectively took place in the early-1960s with
the influx of several young postdoctoral
fellows who had been trained at establishments abroad, either returning to South Africa or emigrating to it. This trend continued
through the mid- to late-1960s although
the numbers remained small. Because the
global focus of inorganic chemistry at that
time was on organometallic chemistry, it is
not surprising that the expertise that these
returning postdoctoral fellows brought
with them was in this particular area. In
fact, organometallic chemistry would dominate the local inorganic chemistry scene
for the next 25 to 30 years. The main focus
of the studies initially was on the synthesis
of novel organometallic complexes with
characterisation being achieved by means
of infrared and nuclear magnetic resonance
(NMR) spectroscopy; the utilisation of X-ray
crystallography for structural characterisation was still in its infancy and very timeconsuming.
The next generation of inorganic chemists
likewise focused on synthetic organometallic chemistry, with many also having received their training abroad. They played a
leading role in the development of inorganic chemistry in the country. Other areas of
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inorganic chemistry were by now starting
to develop, however. For instance, the CSIR
Unit of Uranium Chemistry was established
at the University of Port Elizabeth (now the
Nelson Mandela Metropolitan University),
while bio-inorganic chemistry was introduced into the country through the appointment of an overseas candidate from
the University of Oxford and the laboratory
of RJP Williams, one of the founding laboratories of bio-inorganic chemistry, to the
newly established chair of inorganic chemistry at the University of Witwatersrand
(Wits). Although this area of research
has never grown to the same extent as
organometallic chemistry, the appointment created a platform for the generation of inorganic chemists who have had
a substantial impact, both nationally and
internationally. Mintek at this time established a group involved in coordination
chemistry with the aim of developing new
solvent exchange processes.
During the late-1970s, and in particular
the 1980s, the research of South African
inorganic chemists received considerable international recognition, driven
to a great extent by the outstanding
organometallic research produced by
the chemistry group at the CSIR and the
novel work that was emanating from
the CSIR Metal Cluster Chemistry Unit at
the University of Natal, Pietermaritzburg
(now the University of KwaZulu-Natal).
This clearly had an impact on the
growth of inorganic chemistry, and
organometallic chemistry in particular,
and a new generation of locally trained
inorganic chemists who researched the
area of organometallic chemistry started

to make their presence known and to
become today’s leaders.
The major paradigm shift at the CSIR, discussed above, which led to the closure
of the national laboratories such as the
NCRL, resulted in the cancellation of all
programmes involving fundamental research in organometallic chemistry. Ironically, these developments coincided with
the period during which globally organometallic chemistry started to lose its lustre
and oil companies started to decrease their
support for research programmes in and related to homogeneous catalysis.
An important development in respect of
inorganic chemistry that took place in 1981
was the establishment of the South African
Chemical Institute’s (SACI) Inorganic Chemistry Conference Series, similar to the Warren Conferences in Organic Chemistry. This
event permitted the inorganic chemistry
community in South Africa to meet regularly as a body for the first time.
During the 1990s, South Africa experienced
major political changes that were accompanied by far-reaching policy investigations to
redirect the research agenda in accordance
with new missions. The demise of research
in classical science fields at the CSIR and to
some extent at Mintek had been associated
with a loss of scientists from the profession
and the departure of many inorganic chemists overseas. This scenario coincided with
worldwide shifts in funding support from
curiosity towards relevance, which in South
Africa, also translated into a move towards
social relevance. First, the major public research agency, the Foundation for Research
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Development (FRD) and then its successor,
the National Research (NRF, established in
1999) provided new guidelines for research
support, and together with the Technology and Human Resources for Industry Programme (THRIP), created opportunities for
chemists to do more ‘industrial’ research.
In the early- to mid-1990s, many organometallic chemists doing research at universities made changes to their research programmes in line with these international
and local trends. In particular, inorganic
chemists in the country started working on
catalysis research programmes. The other
area of growth was the move towards coordination chemistry and its relationship
to physical properties. Thus, after 1990, the
dominant role of organometallic chemistry
in South African inorganic chemistry was in
decline.
The past ten years have again witnessed
major shifts in inorganic chemistry in South
Africa. Several factors have accounted for
this. In particular, the creation of research
chairs and centres of excellence by the
DST has led to new configurations in research groupings. Furthermore, research
programmes in the country have followed
global trends and become far more interdisciplinary, leading to inorganic chemists
spanning a wider research spectrum and
undertaking research over a wide area.
A major global focus is that of nanotechnology, and two of the DST/NRF national
research chairs in chemistry were awarded
in this area viz. those of Thobela Nyokong
at Rhodes University and Neerish Revaprasadu at the University of Zululand. The

4

former heads the Mintek Nanotechnology Centre for Sensors, a multidisciplinary
initiative involving graduate students from
chemistry, physics and biotechnology and
working on projects in a range of areas from
photochemistry to biotechnology and from
solid state chemistry to medicinal chemistry. A major focus involves the development of sensors based on nanostructured
phthalocyanine materials and in particular
self-assembled monolayers of phthalocyanines and porphyrins for the analysis of
neurotransmitters and other biologically
important molecules. This is coupled with
the synthesis of phthalocyanine and porphyrin complexes, the study of their photochemical and electrochemical properties
and their use in photodynamic therapy of
cancer. The design of ultramicro electrodes
for direct use in cells or in vivo is another
focus. The group led by Revaprasadu is focused on the synthesis of nanostructured
materials such as semiconductors and metals, using various solution and high-temperature precursor routes. Earlier studies
involved the synthesis of CdS nanoparticles
and nanocomposites using single molecule
precursors. Areas to which the group currently directs its attention include the synthesis, shape control and functionalisation
of semiconductor nanoparticles of materials such as CdS, ZnS, CuS, PbS and MnS,
as well as the synthesis, shape control and
functionalisation of precious metal nanoparticles, in particular that of gold, and the
encapsulation of these particles by watersoluble polymers, in addition to, theoretical
studies on the growth dynamics of silver
nanoparticles, and the synthesis of watersoluble selenium based nanoparticles.
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A National Centre for Nano-structured Materials has been established at the CSIR; the
focus is on materials with many of these
being inorganic in nature (see section 4.6).
A number of the current projects in one of
the focus areas of the DST/NRF Centre of
Excellence in Strong Materials headed by
Lesley Cornish at Wits, viz. that of carbon
nanotubes and strong composites, are inorganic, and include investigations on the use
of organometallic complexes for carbon nanotube synthesis, the functionalisation of
carbon nanotubes and fullerenes, and the
synthesis and characterisation of mesoporous silica materials. Significantly, the emergence of the generic field of nanochemistry
has revitalised the study of main group elements, and South African inorganic chemists are now involved in these areas.
The other area of inorganic chemistry that
has grown in stature and significance is that
of bio-inorganic chemistry. A third DST/
NRF national research chair in inorganic
chemistry, that of Helder Marques at Wits,
is in bio-inorganic chemistry. The research
interests of the group under his leadership
focus on the inorganic chemistry of biological systems, with particular emphasis
on cobalt, iron and the lanthanides. Programmes which reflect the current interests of the group include the exploration of
the kinetic lability of Co(III) in vitamin B12
systems, the synthesis and molecular modelling of metalloporphyrins, and the design
of new lanthanide metal complexes with
macrocyclic and acyclic chelating ligands
as suitable contrast agents in magnetic
resonance imaging (MRI) or as luminescent
devices in biomedical applications. Another
programme in bio-inorganic chemistry that

is also producing world-class research is
that centred on the mechanism of malaria
pigment (haemozoin) formation and the
mechanism of action of quinoline and related antimalarial drugs. This information
is being used to develop principles for the
design of new antimalarials. Other groups
with programmes in inorganic biochemistry include those currently investigating
benzimidazole derivatives as anti-microbial
and anti-tuberculosis agents, rhenium coordination compounds with antitumour activity, and the detection of amyloid plaques
in the brain for the diagnosis and treatment
of Alzheimer`s disease.
Organometallic chemistry still receives attention by groups at a number of universities in the country, with the focus being
on homogeneous catalysis; the majority
of these groups are associated with one of
the DST/NRF centres of excellence viz. the
Centre of Excellence in Catalysis (c*change)
headed by Michael Claeys at the University
of Cape Town (UCT). Extensive research has
been carried in the area of anionic Fischertype metal carbene complexes, particularly
in respect of the coinage metals. Other
significant programmes include those involving the utilisation of Fischer-Tropsch
streams to produce value-added commodity chemicals, and the design of homogeneous catalysts for the oligomerisation and
polymerisation of alkenes. Significantly,
increasing attention is being devoted to
the development of organometallic compounds as, inter alia, anti-cancer and antimalarial agents.
The area of classical coordination chemistry
is being pursued at a number of universities
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and has received increased industrial support in recent years. Programmes include
those focusing on the design of appropriate coordination compounds as solid state
sensors and the design and development
of ligands for d- and f-block elements and,
in particular, for the separation of the platinum metals.
It is clear that the field of inorganic chemistry as practised today is very different
from that practised in the 1950s. The classical techniques such as infrared and NMR
spectroscopy and X-ray crystallography
still dominate in the characterisation of
homogeneous systems, but the advent of
nanotechnology, driven by materials science, has led to the use of new techniques,
in particular the microscopies (transmission and scanning electron microscopy
and scanning probe microscopy) and solid
state NMR for studying solid systems. The
strong support given to this area by the DST
through the South African Nanotechnology Initiative (SANi) will mean remarkable
growth in this area in this country in the future. Furthermore, in line with international
trends, computational chemistry methods
(and especially the Density Function Theory
(DFT) method) will continue to be increasingly utilised by inorganic chemists.
Inorganic chemistry is clearly moving in
two distinct directions in South Africa. One
is in the area of an organic/inorganic merge
(bio-inorganic chemistry, medicinal chemistry, ligand design) and the other of an inorganic/physical merge (materials science,
heterogeneous and, to some extent, homogeneous catalysis). Indeed, in the latter case
the difference between a ‘physical chemist’

4

and an ‘inorganic chemist’ is not always obvious. A key defining issue might relate to
the ability of inorganic chemists to synthesise non-organic compounds. Once made,
the characterisation techniques merge the
disciplines.
One shortcoming in the inorganic research
scene is the limited research carried out at
universities that relates to the South African
mining industry. This applies in particular
to the chemistry of minerals extraction. It
is not clear why South Africa has not developed world-class groups in this important
area. This is an area that should be stimulated as the country switches from being
a provider of raw materials to being an exporter of value-added products.
4.3 Organic chemistry, including bio-organic and biological chemistry
Organic chemistry research at South African universities has for a long period been
relatively healthy; one of the doyens of
chemistry, let alone organic chemistry, was
Frank Warren, who was noted for his work
in natural products. The late-1960s and the
1970s witnessed the return of many young
South African chemists who had studied
abroad, as well as the arrival of many young
chemists from Europe, and this undoubtedly had a considerable influence in creating and providing a platform for an era of
some outstanding research. A focal point
of organic research activity was the NCRL,
where leading research on mycotoxins and
steroids was being carried out, the former
focusing more on structural aspects and
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the latter on synthesis. Organic chemistry
research was also making great strides at
various universities around the country;
very few of the larger universities did not
have thriving organic groups. A range of
areas was covered, including natural products, development of synthetic methodologies in respect of chiral synthesis, structural
and synthetic aspects of flavinoids, and
structural and synthetic studies relating to
alkaloids.
The past twenty to thirty years have witnessed major international shifts in the
vision and practice of organic chemistry,
driven to a large extent by the growing
interdisciplinary interfaces with biology
and material sciences, and the increasing
power of predictive computational methodology and modelling to identify molecules of interest and to support synthetic
strategy and methodology. Pharmaceutical
research continues its relentless quest for
new and improved expressions of bioactivity, but revolutionary changes pioneered
by combinatorial chemistry principles and
practice increasingly exploit natural products as a point of departure rather than a
primary source of future medicinal agents.
Organic chemistry in South Africa has not
been immune to these influences, but is
perhaps restricted in its capacity to maintain high levels of creative activity on all
fronts, owing largely to its remoteness from
mainstream areas of the fine chemicals industry, and influenced by limited human
and material resources.
The overall level of conventional activity

in the isolation, structure elucidation and
derivative chemistry of natural products
diminished in the early part of this period,
partly because certain aspects became
trivialised to a certain extent by the modern tools of structure elucidation and were
unsustainable without rational structureactivity follow-up and ready access to highthroughput bioassay facilities. Nevertheless, some academic centres maintained
programmes in this area, while recently, the
country has witnessed a resurgence of interest in line with a global increase in activity
in this area. World authorities from the National Cancer Institute in the United States
assert that “the utility of natural products as
sources of novel structures, but not necessarily as the final drug entity, is still alive and
well” and in so doing make reference to the
area of anti-hypertension, noting that of 74
formally synthetic drugs, 48 can be traced
back to natural product structures/mimics.
Several factors have undoubtedly contributed to this local increased interest in
natural products of marine and terrestrial
origin. First, over the past ten years, testing facilities for a variety of afflictions have
been established in the country, both at
universities and by private institutions. For
example, antimicrobial, antimalarial, antiinflammatory, hypoglycaemic and erectile
dysfunction tests can now be carried out
at a number of universities in South Africa.
Second, South Africa has a rich history in respect of traditional medicines and, in fact,
indigenous knowledge is a focal point of
the national research programme. Third,
the country has an extremely rich and diversified flora; while fourth, various minor
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and, in some cases, major successes and
the interest of international pharmaceutical companies, have undoubtedly played a
significant role.

of the plant in South Africa, Namibia and
Botswana has the potential to generate
income for the people who have been the
custodians of the indigenous knowledge.

A plant that has created a great deal of excitement amongst natural products chemists, not only locally but also overseas, is
Sutherlandia frutescens, commonly known
as cancer bush or ‘kankerbos’. The broad
spectrum of uses that has been described
for the constituents of this plant include indigestion, stomach complaints, dysentery,
kidney conditions, diabetes, internal cancers, uterine problems, liver conditions and
rheumatoid arthritis. Recent in vitro and in
vivo studies have in fact shown components
of this species to possess anti-proliferative,
anti-HIV, anti-diabetic and anti-thrombotic
properties. The active constituents that are
responsible for the reputed efficacy of this
species, either individually or collectively,
appear to be amino acids (such as canavanine), pinitol, flavonols, and triterpenes
of various kinds. Studies are now at a stage
where the proven non-toxicity of the constituents, coupled with all the supporting
evidence, justifies controlled clinical studies
being embarked upon.

The pyrano-isoflavones isolated from Eriosema krausssianum and the xanthones
isolated from Securidaca longepedunculata,
have been shown to be active in respect of
erectile-dysfunction, and as such provide a
natural remedy as an alternative to Viagra.
Eriosema is in fact already being exported
to Germany. Isolation and purification of
the components of these plants is timeconsuming, but local synthetic work is far
advanced.

Hoodia gordonii, studied by the CSIR for its
appetite-suppressant properties (see section 4.6) has also attracted the interest of
scientists worldwide. Currently, there are
more than 20 patents on this species, and
numerous Hoodia-containing commercial
preparations (many unfortunately of dubious origin) on the world market. There is
a growing demand from the international
market for Hoodia material, and cultivation

4

A number of plants from the Helichrysum
family, plants used by local indigenous people to interact with their ancestors and to
treat a variety of infections, viz. Helichrysum
aureonitens, H. caespititium, H. trilineatum,
H. tenax and H. gymnocomum, have revealed very promising anti-microbial activity. Very significantly in this respect, one of
the compounds isolated from H. tenax has
been shown to exhibit activity against Staphylococcus epidermidis, a source of nosocomial infections of hospitalised patients in
intensive care units.
Finally, considerable attention is being devoted to the so-called ‘African potato’ (Hypoxis hemerocallidea), long used traditionally
for a wide range of ailments and, reputedly,
to boost the immune system. Recent research has provided some initial evidence
of the activity of rooperol (the major phenolic constituent of H. hemerocallidea) against
cancerous and pre-malignant cancer cells.
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The above examples represent but a few
of the studies being undertaken on natural
products in South Africa where a more classical approach is being adopted, in general
in collaboration with plant scientists and
pharmacologists.
Natural products offer logical interfaces
with organic synthesis. Total synthesis of
challenging natural product targets constitutes an ongoing area of high international
interest, but human resource demands
continue to limit local activity to a few larger groups in this country. One such group
focuses its programme on the total synthesis of alkaloids. With bioactive heterocycles
containing nitrogen extremely well represented in nature, and also dominating the
pharmaceuticals industry, the objective is
to devise novel, efficient and stereochemically well-defined routes to saturated nitrogen heterocycles in particular, and to adapt
the methods to the enantioselective synthesis of alkaloids, antibiotics and related
biologically active targets.
Methodological studies in this theme
centre on the synthesis and reactivity of
thiocarbonyl compounds, beta-acylated
enamines and related compounds. Specific
projects currently underway or completed
in the recent past include methodological
developments for, and total synthesis of, indolizidine and quinolizidine alkaloids from
animals (ants and amphibians) and plants
(lupin alkaloids, phenanthroindolizidines,
hydroxylated glycosidase inhibitors); antimalarial quinazoline alkaloids (febrifugine
and analogues); and antibacterial and anticancer antibiotics (quinolones, aziridinomitosens). In another programme, the total

synthesis of the bioactive alkaloids lepadiformine, tacamonine and castanospermine
is being targeted with the emphasis on new
synthetic methodologies.
The development and application of new
and adapted synthetic methodology offers
appealing and cost-effective opportunities
for creative research and advanced student
training, and this is perhaps the most widely practised current area of organic chemistry research in South Africa, having a large
following in the many graduate schools
of chemistry. It features, in particular, reagent and reaction development, functional
group transformation, cyclisation and general ring-forming strategies, enantioselective reagents and processes, and modification and partial synthesis of natural
products. Thus, in the knowledge that many
natural and synthetic aromatic compounds
and their quinone analogues are broadspectrum antibiotics, anticancer agents,
antitubercular agents, or active against HIV,
one particular programme has involved the
design and development of new methods
for the construction and functionalisation
of condensed aromatic, biaryl and polyaryl
systems. The methodology so developed is
applied to the synthesis of selected natural product targets. The research embraces
the de novo construction of aromatic and
heteroaromatic rings by a novel light- and
base-induced cyclisation, the synthesis of
isochromanes and related oxygen heterocycles, the synthesis of quinones, palladium-mediated couplings for the synthesis
of biaryls, and stereocontrol at benzylic
positions via arene-chromiumtricarbonyl
complexes. In another programme, novel
applications of Baylis-Hillman methodo-
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logy have been and are being employed for
the synthesis of heterocyclic compounds
with medicinal potential. Complementary
aspects of biosynthesis and enzyme-mediated chemistry are also in evidence in some
programmes. In one such programme the
focus has been on fumonisin B and related
metabolites, the former being implicated in
human oesophageal cancer in the Eastern
Cape and being the cause of a neurological
disorder, leukoencephalomalacia, in horses
worldwide. Initial work involved stereochemical studies in order to determine the
chirality sense of the different chiral centres. The subsequent development of a synthetic sequence, leading to the fumonisins,
is based on the principles of retrosynthetic
analysis, asymmetric synthesis and, most
importantly, the use of enzymes as catalytic
reagents.
Research in the general area of medicinal
chemistry is receiving increased attention
and has made major progress in recent
years. The relevant programmes, which
in many cases are integrated into all aspects of the foregoing activities, are often
multidisciplinary and involve, for example,
the modelling and synthesis of lead compounds for the development of new-generation agents for treatment or prevention
of HIV/AIDS, tuberculosis, malaria and parasitism. This has been stimulated by the major relevance and societal impact of these
and other disease areas in South Africa, and
local research is enjoying growing international attention and support in this respect.
The multidisciplinary approach of some
of these programmes is well illustrated by
that of the group led by Kelly Chibale, the
holder of a DST/NRF national research chair
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in drug discovery at UCT. It involves the
development of novel anti-infective (antimalarial, anti-tuberculosis, anti-HIV/AIDS
and anti-trypanosomal), anti-hypertension
and anti-cancer agents and which has as its
three main objectives:
(i)  	 the development of target-directed
inhibitors;
(ii) 	 the development of single agents 		
that provide target-directed inhibition
of multiple disease-causing organisms
or cells; and
(iii) the development of single agents that
provide maximal anti-infective and
anti-cancer activity by acting against
multiple targets.
The programme is collaborative and multidisciplinary in nature, and involves aspects
of synthetic organic chemistry, chemical
biology, biochemistry, molecular biology,
pharmacology, computational chemistry
and molecular modelling. More specifically,
it involves ’hit to lead’ and ‘lead optimisation’ and attendant integration of in silico
(computational), as well as in vitro and in
vivo drug metabolism and pharmacokinetic
studies to guide the synthesis of new drug
leads.
The above-mentioned research in medicinal chemistry has been stimulated by its
obvious relevance and potential societal
impact in South Africa, and local research
is enjoying growing international attention
and support in this respect.

115

TWAS book_Chap1-6.indd 115

2009/10/05 01:08:04 PM

4

the state of science in south a f r i c a

CHEMISTRY

4.4 Physical chemistry, including polymer and theoretical
chemistry

A

physical chemist who was very influential at both experimental and theoretical levels was Victor Pretorius,
whose research in gas chromatography
(GC) and mass spectrometry, together with
that of the University of Pretoria’s Institute
of Chromatography (of which he was the
director), resulted in many innovations and
improved detectors. In particular, the group
was involved in the development of the
flame ionisation detector, turbulent flow
chromatography, the theory of high-performance liquid chromatography, and the
initiation of a thorough study into the solvent effect in GC-inlet techniques, which culminated in the development of the dynamic
solvent effect inlet. Another earlier achievement by physical chemists that warrants
comment is that of the development by a
Sasol team, in collaboration with a number
of German chemists, of a modified catalyst
from local material for the Fischer-Tropsch
process, to be adopted in a new Sasol plant.

Over the last 20 to 30 years, major contributions in physical chemistry have been made
in the areas of solution thermodynamics,
kinetics and thermodynamics of solid‑state
reactions, Raman spectroscopy in solid
state chemistry, chemical kinetics, electrochemistry and X-ray crystallography.
X-ray crystallography has in fact long played
a major role in the research activities of a
number of research groups in South Africa.
Researchers at the NPRL were essentially

the first in the country to use this technique
for the determination of the crystal structures of compounds, but they were soon
followed by a number of younger academics at universities adopting this very important structural tool. Today at least six South
African universities have X-ray diffractometers as part of their research armory. Developments in X-ray detector technology
and computing has meant that whereas it
took several months at one stage to solve
a structure, this can now be achieved in a
matter of hours. The technique is the basic
tool for crystal engineering or supramolecular chemistry, an area that is receiving
considerable attention world-wide.
Significantly, one of the incumbents of the
two DST/NRF national research chairs in
physical chemistry, namely Len Barbour at
the University of Stellenbosch, who has a
chair in nanostructured functional materials, leads a group working in this area, especially in the study of the encapsulation of
small compounds by noncovalent molecular assemblies. This includes the sorption of
gases into lattice interstices as well as the
capture of substrates in large molecular
capsules or tubules assembled by means
of hydrogen bonding or amphiphilic interactions. By exploiting such interactions in
relatively simple polyhedral arrangements
of molecules for instance, the group has
assembled complex, multicomponent capsules with internal volumes of up to 1300 Å3.
A further programme involves the design
of highly porous materials with large lattice
voids by desolvating inclusion compounds.
Significantly, the group established that the
low-density apohost phase of sublimed ptert-butylcalix[4]arene possesses zero-di-
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mensional lattice voids of ~235Å3. Despite
an apparent lack of porosity (i.e. channels
that access the voids), these crystals readily and reversibly absorb volatile gases such
as N2, O2, CO2 and CH4 at room temperature and relatively low pressures. Since no
uptake of hydrogen gas is observed under
these conditions, this material can be utilised to separate H2 and CO2 from a mixture
of these gases.
Further studies are aimed at exploring
new systems of organic compounds that
are unable to pack efficiently. Specifically,
molecules that have poor self-complementarity of shape are targeted, thus ensuring
the presence of lattice voids as potential
sites for gas storage. The group has also
been very involved in the development of
novel research tools for the study of solid
state phenomena. Research tools include
a levitation balance for the study of gas/
vapour inclusion reactions; a computerised volumetric system for monitoring gas
system processes; software for crystallographic analysis and presentations; and, a
unique miniaturised gas cell for the collection of single-crystal diffraction data under
pressure (0 – 80 atmospheres). This device
provides unprecedented atomic scale positional information that is proving to be exceptionally useful for understanding solidgas interactions.
A second group, with a supramolecular
chemistry thrust that focuses on the chemistry of molecular assemblies and the intermolecular bond, has a programme which
includes investigations into the preparation of drug polymorphs, drug transport,
the storage of volatile compounds and the
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separation of close isomers. In addition, the
physical chemistry of supramolecular compounds is being explored. Specific projects
include the encapsulation of insoluble
drugs to enhance their bioavailability, the
synthesis and characterisation of open
framework structures with various useful
applications, and the altering of the dissolution characteristics of existing drugs and
rendering them more, or less, soluble, depending on the application, by converting
one polymorphic form of a drug into another, by preparing a solvated derivative or
by complexing the drug with another molecule (e.g. a crown ether or a cyclodextrin).
The modified species has a different crystal
structure from that of the parent drug and
the resultant difference in solubility and
other physical properties can affect drug
performance very significantly.
An experimental study of the crystal packing in the polymorphs of alkyl- and arylammonium salts (mostly ammonium halides, nitrates, etc. of long-chain alkanes and
their derivatives) is the research theme of a
third group. The aim of the study is to establish the relative importance of hydrogen
bonding and other intermolecular forces
in directing molecular packing. Other programmes in which X-ray crystallography
plays a significant role include that concerned with the physiochemical and biochemical factors which are involved in the
formation of kidney stones. In addition,
several other groups have more recently
established programmes in crystal engineering, where metal-containing synthons,
which will be the building blocks for more
complex three-dimensional structures, are
being developed. The aim of these pro117
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grammes is to produce materials that will
have a porous metal-organic framework
structure.
The second DST/NRF national research chair
in physical chemistry is that of Bert Klumperman at the University of Stellenbosch,
working on advanced macromolecular architectures. Living radical polymerisation
(LRP) is used by the group as the central
technique in the synthesis of advanced
macromolecular architectures. Self-assembly of these architectures and heterogeneous polymerisation processes are used to
create ordered structures on a larger length
scale. In order to optimise the degree of control in LRP processes, mechanistic studies
are conducted to increase the understanding of the fundamental processes involved.
The field in which the group’s research has
had the largest impact in the past ten years
is the kinetics and mechanisms of reversible addition-fragmentation chain transfer
(RAFT) mediated polymerisation. The group
has led the way to a deeper understanding
of the initial stages of the RAFT process, as
well as in studies into the later stages of this
process. A selective initialisation process
was discovered in which the original RAFTagent is converted into its single monomer
adduct. The work is being expanded in various directions. Use will be made of nitroxide-mediated polymerisation in order to
determine relevant kinetic constants. Another related field of research in which the
group has made very significant contributions is mechanistic and kinetic studies of
atom transfer radical polymerisation (ATRP).
A number of contributions have placed the
group among the world leaders in kinetic
and mechanistic studies of ATRP. They were

the first to show experimentally that there
is a transition in kinetic behaviour if the
concentration of deactivator is increased.
In the programme focusing on advanced
macromolecular architectures, the group
is involved in the design, the synthesis and
the characterisation of complex macromolecular structures, with the main emphasis
being on molecular brushes and polymerprotein conjugates. Densely grafted alternating copolymers are among the target
structures. Next to the chemical characterisation of the structures, an increasing focus
will be on their solution properties. From a
synthetic point of view, the emphasis is on
living radical polymerisation techniques but
complementary techniques are used when
required. Over the last two years, the majority of new research projects in the group
have had a biomedical focus such as drug
delivery, anti-microbial fibres, immobilisation/conjugation of proteins and enzymes,
and a sampling device for TB diagnostics.
Research in heterogeneous catalysis is
carried out at a number of departments
of chemistry in the country as part of the
DST/NRF Centre of Excellence in Catalysis
mentioned above. Not surprisingly, the
emphasis is on reactions which form part
of the Fischer-Tropsch regime and the development of potential gold and platinum
metal catalysts. Programmes of one particular sub-centre include the catalytic action of
nanogold, direct conversion and catalytic
decomposition of methane, methanol-mediated routes for gas-to-liquid and related
reactions, zeolites and acid catalysis and
catalytic properties of nanometal-polymer
composites. The emphasis in the former
programme is on understanding the be-
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haviour of gold supported on oxides and
zeolites for reactions such as the water gas
shift reaction, CO oxidation and alkene hydrogenation. In respect of the gas-to-liquid
studies, research is focused on the solid acid
catalysed conversion of methanol/dimethylether (DME) to hydrocarbons, the synthesis of methanol/DME mixtures from syngas
and the decomposition and/or steam reforming of methanol. Special emphasis is
being placed on the role of gold and other
noble metals in the reactions involving synthesis or conversion of methanol. A second
sub-centre is involved in research into the
catalysis of oxidation and oxidative dehydrogenation reactions.
Some excellent research has been carried
out in the area of thin films and membranes
in the last ten years and, in particular, in the
development of special membranes for bioreactors, and more important membranes
for ultrafiltration used for the provision of
drinking water. The success of the research
is illustrated by the fact that the latter membranes are now being produced commercially by the procedure developed by the
group responsible for the research. Ongoing research with process and mechanical
engineers continues with the aim of producing ultrafiltration membranes in hollow
fibre form. Research on the monitoring of
the fouling and the continuously cleaning
of membranes at low cost, without disrupting the membrane operation, has also been
very successful, as has a major drive to incorporate nanoclay platelets through exfoliation into emulsion-based coatings. The
latter is now being followed up by a major
paper manufacturer, in work on ‘green coatings’ for packaging.

4

Other research programmes at various universities include:
l studies on the influence of impurities
on the formation of minerals during
gasification and combustion processes
of South African coal, with the aim of
improving the efficiency of the gasification process, reducing the environmentally unfriendly aspects of the process
and developing new technology for CO2
conversion and reduction;
l kinetic studies, using 11B NMR spectroscopy, of the hydroboration of internal
olefins as part of the programme to
develop methods for the conversion
of internal olefins into alpha-olefins for
subsequent polymerisation;
l studies of molecular complexes, initially
by means of matrix isolation infrared
spectroscopy, but more recently by ab
initio molecular orbital calculations with
the aim of elucidating the common features among charge transfer, hydrogenbonded and Van der Waals complexes;
l studies on the kinetics of catalysed oxidative processes, with a focus on ozone
as a reagent and of the oxidation of long
chained saturated hydrocarbons using
zeolite-like materials;
l studies involving the design and electrochemical interrogation of ‘smart’ materials (nano-phase hydro gels, conducting
polymers, multinuclear metallodendrimers) for application in targeted drug
or controlled ion delivery to candidate
biological cells.
Programmes in theoretical chemistry research are limited to a few universities in
the country, but nonetheless, one of the
119
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DST/NRF national research chairs is in this
sub-discipline. The chair is that of Kevin
Naidoo in computational chemistry at UCT,
whose group is involved in research that
employs computational methods to calculate physical properties, not accessible experimentally, of carbohydrates (glycobiology), dendrimers (polymers) and platinum
group metal complexes. New methods in
computational chemistry have been developed to investigate the condensed-phase
behaviour of macromolecules, including
methods for calculating chemical reaction
surfaces in condensed phases (solution
and enzymes, etc.). The solution properties of carbohydrates and, in particular, the
effect of the glycosidic linkage on macromolecular solubility and reactivity have
been investigated in studies involving a
combination of computer simulations and
NMR spectroscopy, using maltose, isomaltose, panose and cyclodextrins in solution.
A ‘Carbohydrate Solution Force Field’ that
has since been used by various groups for
carbohydrate computer simulations was
developed and, using density functional
theory and Bader’s ‘Atoms in Molecules’
methods, the electronic factors governing
glycosidic linkage conformation preferences investigated. In the process, a procedure
that allows for the determination of the
strength of intramolecular hydrogen bonds
in biomolecules such as oligosaccharides
was established. Protocols for the simulation of single polysaccharide strands that
are subjected to a stretching force have
been developed which led to force-extension curves that allowed for the description
of the unfolding of polysaccharides and
oligosaccharide macromolecules. Methods
based on umbrella sampling have been

used to address the problem of sample
size in computer simulations; in the process, the free energy surface as a function of
glycosidic linkages and rotational groups in
saccharides was obtained. Finally, protocols
for the simulation anion cation association
mechanisms for platinum group metals in
organic and aqueous solvents have also
been developed.
The discovery of a general periodic law
which applies to all stable nuclides as a function of atomic number, neutron number or
mass number has recently been reported
by another group involved in theoretical
chemistry. This novel and relevant discovery introduces a completely new point of
view on the composition of atomic nuclei
and the meaning of the empirically determined magic numbers of nuclear physics. It
accounts for the stability and periodicity of
all atomic matter in terms of a few concepts
from elementary number theory, such as
rational fractions, Farey sequences, Fibonacci series and the golden ratio. Different
forms of the periodic table of the elements
are derived without the use of higher mathematics or wave mechanics, leading to a
simple model of nucleogenesis and abundance, and the chirality of space-time and
matter/antimatter.
4.5 Analytical and environmental chemistry

V

irtually all universities and universities of technology in the country undertake research in analytical and/or
environmental chemistry; a good proportion thereof is applied to very applied, and
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is essentially problem-solving in nature.
Much of the research in environmental pollution, an area in which a number of university chemistry departments are involved,
falls into this category. All the same, there
are a number of research programmes at
universities which can be classified as being either analytical and/or environmental chemistry, and which are undoubtedly
ground-breaking.
The Laboratory for Ecological Chemistry
(LECUS) at the University of Stellenbosch
focuses on the development of techniques
for the analysis of trace quantities of volatile
organic compounds and the application
of these methods in the analysis of insect,
mammalian, avian and reptile semiochemicals (e.g. pheromones), the analysis of air
and water pollutants, and the identification of ‘off-flavours’ in food and beverages.
In respect of insect pheromones, all of the
dung beetle pheromones that have so far
been identified worldwide were isolated,
characterised and assayed by LECUS. The
high cost of game-capturing operations
has created a need for the development
of alternative methods for controlling the
movement and translocation of wild animals. In this context, LECUS has contributed
a large volume of chemical knowledge on
the exocrine secretions of mammals. For
instance, it has produced an estimated 40%
of all the verified chemical information that
is currently available on mammalian semiochemicals, with practically the entire volume of information currently available on
the chemical composition of the exocrine
secretions of South African antelope being produced by the laboratory. A current
investigation involves the characterisation
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of the territorial marking fluid of the Bengal tiger, Panthera tigris; preliminary field
tests with some of the constituents of the
fluid have produced promising results. In
respect of new analytical techniques, the
laboratory has developed and patented a
novel modulator for comprehensive twodimensional gas chromatography (GC x
GC) of semiochemical secretions and other
complex samples. It costs a fraction of available commercial instrumentation, and has
practically no running costs. Furthermore,
the development of a patented, high-capacity (high-sensitivity) sample enrichment
probe (SEP) is a major contribution to semiochemical sample enrichment technology.
A major programme covers the area of atmospheric chemistry, aimed at providing
key information to support the development of sustainable air quality policies and
practices in Southern Africa. The influence
of activities associated with human and industrial development as well as natural biogeochemical processes typical of the region
(e.g. biomass burning) are the main focus
points. The research of the programme is
three-pronged: theoretical studies (including modelling), laboratory experimentation
and environmental analysis. Specific current research projects include the study of
the mechanisms of oxidation processes of
atmospheric pollutants; the biofiltration of
volatile organic carbon compounds, including methane; the effect of the C2 chlorohydrocarbons on crop plants; the deposition
of trichloroacetic acid on the vegetation
of different pollution gradients (a joint
German-South African project); and the
development of predictive capabilities by
using atmospheric models. As part of the
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International Global Atmospheric Chemistry and the Deposition of Biogeochemical
Important Trace Species (DEBITS) initiative,
studies are being done that use groundbased passive sampling techniques at various sites in southern Africa, as well as aircraft, to determine the vertical distribution
of water-soluble pollutants on the interior
highveld plateau of the country.
A number of programmes at different universities are focused on advanced separation science and the application of the techniques developed. Thus, a major proportion
of the research carried out by one particular
group, using gas chromatography (GC), has
involved ‘Stir Bar Sorptive Extraction’ (SBSE),
a novel and sensitive sample pre-treatment
method developed by the group. In particular, SBSE in combination with thermal
desorption (TDS) and GC has successfully
been applied in, amongst others, the analysis of wine aroma volatiles, benzoic acid in
beverages (yoghurt), fungicides (and other
contaminants) in wine, oestrogens in urine
samples of HIV-positive patients, stress
markers in urine, drugs of abuse, pesticides,
polychlorinated biphenyls (PCBs), coffee
volatiles and preservatives in soft drinks,
and in the diagnosis of tuberculosis by
measuring tuberculostearic acid in sputum.
In addition, SBSE in combination with liquid
desorption (LD) and capillary electrophoresis (CE), has been used to study the hopderived bitter acids in beer. In the field of
high-performance liquid chromatography
(HPLC), comprehensive two-dimensional
liquid chromatography (LC) (LC x LC) is currently being investigated as a means of improving the separation power of LC for the
analysis of natural products.

A group originating from the Institute of
Chromatography to which reference was
made above has also focused its research
on new instrumental techniques for the
analysis of complex chemical mixtures
found in the environment, in industry, in
food and in living systems. The focus, in
particular, has been on the design of equipment and methods for the analysis of compounds (typically toxins) at very low concentrations, more reliably, in less time and
at lower cost. Because of the complexity of
samples, the approach has been to use one
or more chromatographic separation steps
followed by in-line spectrometric detection,
normally mass spectrometry to achieve the
necessary specificity for correctly identifying and quantifying compounds of concern. Areas of application have included:
air and water pollution, clinical diagnostics,
occupational health, essential oils, flavours
and fragrances, industrial process control,
petrochemicals, bio-diesel and forensic
analysis.
One of the departments of chemistry, in
developing its own particular niche, has
focused on the fundamentals and applications of atomic absorption spectroscopy
(AAS) and to a lesser extent atomic emission spectrometry (AES). An associate
member of the department has developed
what is termed a filter furnace for use with
electrothermal atomization (ET) AAS, and is
developing an instrument, for which he has
a provisional patent, that could be termed
a continual-source ET AAS. The department
has considerable expertise in slurry nebulisation for sample introduction, and makes
use of its overall expertise in investigations
with regard to the analysis of materials with
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difficult matrices, cement, platinum group
metals and coal.
Niche areas of some of the other departments researching in environmental and
analytical chemistry include bio-analytical
chemistry, the modelling of solution equilibria and the development of predictive
models, chemometric data analysis, solid
phase extraction and micro-extraction and
the use of electrospun nano-fibres for environmental and pharmaceutical samples.
4.6 The Council for Scientific and Industrial Research
(CSIR)

W

ith the NCRL being one of the
founding institutes of the South
African CSIR, it is not surprising
that chemistry has always been a major
activity of the organisation. It would be fair
to say that at its peak, the NCRL was a truly
world-class research facility, having by far
the largest number of high-profile chemists
ever assembled in a single institute in South
Africa. As described earlier, the laboratory
was dissolved in 1988 leading, at different
stages, to many of the laboratory’s personnel leaving the CSIR and becoming mainstays of the country’s university system for
the next 15 years. The retirements of these
scientists over the last five years has left a
void of senior chemistry personnel across
the academic sector.
Key programmes within the NCRL in the
decade prior to its dissolution included that
focusing on mycotoxins, where the isolation and characterisation of these fungal
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metabolites was pioneered. Associated
with this was a programme on aflatoxins
which produced representative standards
for food-quality assessment which are still
in use today, while a programme relating to
aflotoxin metabolites played a major role
in elucidating the mechanism of action of
these fungal carcinogens. Another major
activity involved the laboratory synthesis of
steroids and the generation of a wide range
of analogues. The steroid programme continued at UCT, and has provided significant
insights into the structure-activity relationships of biologically active steroids, often
resulting in an understanding of therapeutic possibilities. A third major programme
was that devoted to the synthesis of organometallic derivatives of ruthenium and
osmium. A vast number of extremely novel
complexes was developed as potential synthons for homogeneous catalysts.
Research and development at the CSIR is
currently pursued in eight defined areas,
two of which have programmes in chemistry. These are biosciences and materials
science and manufacturing. The current
groups in the biosciences conglomerate
involved in synthetic chemistry can be considered as being loosely descended from
two very different predecessors: the former
NCRL, and the Research and Development
Department (R&DD) of African Explosives
and Chemical Industries (AECI) at Modderfontein, east of Johannesburg, the latter
group having been acquired by the CSIR in
1999 with the reorganisation of the AECI .
This company had had a composite research
department, ranging from the development
of new chemical (and biological) processes
for value-added (or fine) chemicals, to poly123
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mer technologies and support for existing
chemical plants. The fine-chemical research
resulted in new plants for food additives
(such as the anti-oxidant tertiarybutyl hydroquinone (TBHQ)), new approaches for
the preparation of aroma chemicals (vanillin, carvone, raspberry ketone etc.), and
approaches to generic pharmaceuticals
(naproxen, paracetamol and antihelminthics etc.), many of which pioneered the new
(to South Africa) approach of incorporating
both chemical and biological steps in a single process. After its absorption by the CSIR,
this activity became the first CSIR Division
of Biological and Chemical Technologies
(Bio/Chemtek).
During the period of evolution from one of
the initial groups to becoming a component of the current CSIR Biosciences operating unit, there were active chemistry groups
in the CSIR Division of Food Technologies
(Foodtek), the CSIR Bio/Chemtek and, as a
result of a merger between these two divisions, the CSIR Division of Food, Biological
and Chemical Technologies (also known as
Bio/Chemtek).
After the dissolution of the NCRL and before the creation of Bio/Chemtek, the emphasis on synthetic chemistry in the CSIR
declined significantly. Natural product
chemistry, however, continued unabated
through the advent of ‘bioprospecting’
activities (assessing the commercial and
pharmaceutical potential of South Africa’s
natural resources). This activity is believed
to be the first example in the world where
benefit sharing agreements were signed
with holders of indigenous knowledge, the

first such example relating to the appetite
suppressing properties of the Hoodia cactus and the potential for use against obesity
(see above); investigations in this area are
continuing. Many of the current activities
of the biosciences operating unit stem in
fact from earlier ones, and the bioprospecting group is at present evaluating potential
new plant-based anti-malarials, anti-asthmatic/anti-inflammatories and possible
retrovirals amongst other activities. The
processing section has recently contributed
towards the development of a new natural
sweetener, monatin, that is licensed and
currently under evaluation for human use.
Major changes in the activities of the CSIR
began in 2005 as a result of the already
described internal review termed ‘Beyond
60’. The review resulted in a realignment
of the organisation with its mandate, and
Bio/Chemtek became Biosciences with a
renewed interest in human health, particularly tuberculosis (TB), HIV and malaria. This
emphasis took the form of the discovery
and development of new molecular entities as potential future therapeutics, an area
poorly serviced in South Africa. This activity
can be seen as complementary to the activities of the Medical Research Council with
its more clinical focus. As a result of this focus, CSIR Bioscience has two series of novel
anti-malarials (operating at sub-nanomolar
levels) that are entering the development
phases, a series of inhibitors of a novel bacterial kinase target and non-nucleosidic
HIV reverse transcriptase inhibitors active
against both the isolated enzyme and on a
cellular basis.
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The CSIR Biosciences drug discovery and
development area utilises synthetic and
medicinal chemistry, natural product-based
discovery, pharmacology and computational chemistry skills as parts of a single unit in
order to discover and progress candidates
to the clinic. A comprehensive effort of this
type has not been previously undertaken
in South Africa. Consequently, many of the
required skills have had to be developed
over time or outsourced. New personnel
from the university system will form a critical part of the ongoing programme, a solid
grounding in synthetic organic chemistry
being of more value than a medicinal chemistry-based degree without the emphasis of
core synthetic skills. It is hoped that such
programmes can be prioritised within the
university sector, with the result being mutually beneficial interactions between multiple institutes of the tertiary sector.
As indicated above, the second defined
area of research and development at the
CSIR in which programmes in chemistry
are involved is that of materials science and
manufacturing. This grouping which essentially originated from Mattek at the CSIR
has been consolidated into six competency
areas, together with the National Centre for
Nano-structured Materials (NCNSM), and
it is in the latter that chemistry is primarily
pursued.
The research focus of the group is on the
design, modelling and synthesis of nanomaterials with specific properties and various possible applications. The initial focus is
on carbon nanotubes, silicon nanoparticles
and nanolayer deposition techniques. The
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group collaborates with units and centres
in the CSIR, universities, science councils,
the private and public sector and international research institutions.
4.7 Nuclear Energy Corporation of South Africa (Necsa)

N

ecsa and its predecessors have a
proud history of achievements in research and applications of chemical
processes and technologies. The two main
areas of application involving chemistry
were, or still are, uranium isotope enrichment and the production of radioisotopes.
The process gas utilised in the former Uranium Enrichment Corporation (UCOR) isotope
separation process consisted of a mixture
of UF6 and H2. A detailed understanding
of the gas and surface reactions of UF6 was
thus necessary. It was shown that UF6 gives
rise to a series of lower uranium fluorides
as a result of reduction side-reactions, and
to a series of uranium oxyfluorides from
hydrolysis reactions. These undesirable
solid products could be converted back to
UF6 by employing any one of a number of
in-house produced powerful fluorinating
agents, including the halogen fluoride series and also the noble gas fluoride series.
Today this knowledge forms the basis of
the product range of Pelchem (Pty) Ltd, a
Necsa subsidiary, which produces a host of
fluorochemicals such as HF, F2, NF3 and XeF2
for the local and international market. The
Pelchem subsidiary Fluoro Pack (Pty) Ltd
markets permeation solutions to the plastics industry based on surface fluorination
treatments.
125
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Apart from the vast knowledge of uranium
and fluorine chemistry that was developed
and which is still being expanded at Necsa,
plasma processing technology is an important research focus. Through high-temperature processes, many nano-oxides were
synthesised in the past, and one-step conversion processes for UF6 to lower uranium
fluorides or oxides were developed. Today,
plasma technology plays an important
role in mineral beneficiation programmes
undertaken at Necsa. In future this technology will also play an important role in
nuclear waste volume reduction in the
form of matrix destruction of compressible
waste.
Necsa, through its subsidiary NTP Radioisotopes (Pty) Ltd, is the world’s third largest
producer of radiochemicals, which serve
as raw materials for the formulation of
radiopharmaceuticals for diagnostic studies or therapeutic applications. The main
radioisotope in this regard is Mo-99, with
I-131 being another important isotope.
The chemical processes to extract and purify these fission products from irradiated
targets containing U-235 was developed
in-house by Necsa scientists. Isotope production research is complemented by the
development of new radiopharmaceuticals and radiolabelled compounds, for use
in either clinical applications or research on
the biodistribution and treatment efficiency of non-radioactive pharmaceuticals.
No significant nuclear activity is complete
without addressing the safe treatment and
disposal of radioactive waste. The invaluable contribution of Necsa scientists have
resulted in the establishment of Vaalputs,

the national repository for low- and medium-level radioactive waste, situated in the
Northern Cape.
4.8 Mintek

M

intek, an autonomous statutory
body, is South Africa’s national
mineral research organisation
mandated to serve the country’s interest
through research, development and technology transfer in the promotion of mineral technology and in the fostering of industries in the field of minerals and products
derived from them. In particular, it specialises in mineral processing and extractive
metallurgy, with chemistry being the basis
of many of the projects and programmes.
Three major programmes involving chemistry have respectively focused, and continue to focus, on cyanide usage in the
gold mining industry, on the development
of new industrial and commercial uses of
gold, and on flotation processes.
In collaboration with the gold mining
industry, the organisation, through its
scientists and engineers, has developed
a unique set of products and services to
assist with risk minimisation in the use of
cyanide. The knowledge generated during
early phases of research was applied to the
production of online analysers, to assist
with compliance audits, and to discharge
monitoring services based on accredited
analysis. These services found acceptance and are now applied throughout the
gold mining industry of Africa and further
afield. The industry has benefited in particular from reduced reagent additions, mini-
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mised risk exposure, and the facilitation of
reaching compliance to the requirements
of the International Cyanide Management
Code.
The programme, Project AuTEK, was initiated in 2000 as a joint research venture between Mintek and the three major South
African producers of gold, with the aim
of developing new industrial uses of the
metal. The programme has three focus areas, catalysis (co-sponsored by AngloGold
Ashanti), nanotechnology (co-sponsored
by Gold Fields) and biomedical applications (co-funded by Harmony Gold).
The first target was the development of a
catalyst for the oxidation of CO to CO2 at
room temperatures. Gold particles with
diameters in the range 4-10 nm dispersed
on the surface of inert oxide substrates
proved very useful in this context. The key
to the success of this venture was the development of the necessary conditions for
the precipitation of hydrated gold oxides
on the oxide surface to achieve eventually a uniform and well-dispersed precipitation of gold particles of the correct
diameter. The research has resulted in the
construction of a semi-commercial plant
for producing sufficient quantities of the
catalyst, marketed under the trade name
AUROliteTM, for prototype evaluation by
potential clients. Gold catalysts have also
been developed for chemical process reactions such as epoxidation and selective
hydrogenation.
The principles of nanoscience and nanotechnology that were developed during
this project have since been extended into
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research aimed at exploiting the inherent
catalytic properties of the platinum group
of metals and culminating in the Mintek/
DST Nanotechnology Innovation Centre,
an initiative of DST, which was launched in
November 2007.
The biomedical programme focuses on
the discovery of new types of gold-based
biomedical agents with emphasis on HIV/
AIDS, cancer and malaria. Relatively recently, a strategic decision was taken to
focus internally on HIV, with the cancer
and malaria research programmes being
continued at the universities, but still being directed by Mintek.
Early research at Mintek on flotation, an
important and relatively widely used technique for the separation and recovery of
a particular valuable mineral from an assemblage of unwanted waste minerals, focused on the development of small-scale
flotation devices to understand how the
surface properties of minerals are influenced by chemical additives, and how this
affects the flotation of a range of minerals.
Later research was directed towards the
identification of appropriate collectors, depressants, and frothers for local ores. Major
developments have included an understanding on how the adsorption and desorption of chemical species to-and-from
the mineral surfaces of prepared mixtures
of fluorite, apatite, and calcite controls the
separation of fluorite and apatite from calcite, a knowledge of the mechanism of talc
depression by polysaccharide-based reagents as applied to the separation of this
mineral from base-metal sulfide minerals
and the activation of sulphide and gangue
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minerals by dissolved metal ions. More recently, research has focused on the associated chemical and physical problems of
designing complete flotation process flowsheets with the flotation of the platinum
group metals ores being a particular focus,
but work also embracing copper, graphite,
phosphate, fluorspar, andalusite and many
other ores of economic importance.
4.9 Sasol

S

asol, formed in 1950 and for some
time the world’s largest producer
of liquid fuel from coal, was the first
company, in 1955, to commercialise the
Fischer-Tropsch process for the large-scale
conversion of coal to liquid fuel and chemicals. Its plant at Secunda, Mpumalanga is
the largest synthetic fuels facility in the
world, and provides approximately 28% of
South Africa’s fuel needs. In the early 2000s,
the plant at Sasolburg, south of Johannesburg, was converted from coal feedstock to
natural gas piped from Mozambique. This
involved the introduction of licensed reforming technology, while still making use
of the proprietary low-temperature, ironbased Fischer-Tropsch technology. More recently in 2007, Sasol has started production
of liquid fuels from natural gas feedstock in
Qatar, using new Fischer-Tropsch technology based on slurry phase cobalt catalysis.
The company has always placed a high premium on R&D, although in the early days
the chemistry used was limited to catalyst
development, with the major focus being
on process technology. Today, Sasol’s corporate R&D facility numbers approximately

600, of which 200 are scientists and 80 are
engineers, and with 200 having either Masters or Doctoral degrees. Some key areas of
research and development undertaken are
as follows:
l Coal science and conversion;
l Iron- and cobalt-based Fischer-Tropsch
catalysis;
l Acid-base catalysis: dehydration, etherification, esterification;
l Refinery catalysis: hydrotreating, hydrocracking, hydroisomerisation, catalytic
polymerisation, platforming;
l Operations support: catalyst optimisation, side reactions, contaminations,
catalyst recovery, corrosion chemistry;
l Syngas conversion to chemicals;
l Olefin manipulation: oligomerisation,
metathesis, hydroformylation;
l Oxidation of paraffins and olefins;
l Organic chemistry focused on ligand
synthesis.
It is apparent from this list that chemistry
plays an important role in the research activities of Sasol. At the same time, chemistry
research is not carried out in isolation, and
all major programmes are undertaken on
an interdisciplinary or a multidisciplinary
basis.
A snapshot of but a few of the technological developments by Sasol over the last 20
to 30 years is provided below:
l With the start-up of its Oryx JV Plant,
Sasol now operates three proprietary
and distinct types of Fischer-Tropsch
processes:
o Low-temperature cobalt: Oryx Gas-
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l

		 to-Liquid (GTL) fuels production;
o Low-temperature iron: Sasolburg
		 wax and chemicals production;
o High-temperature iron: Secunda fuels
		 and chemicals production.
The Sasolburg and Secunda processes
are based on iron catalysts. During the
1990s, Sasol scientists focused on the
development of low-temperature cobalt-based catalysts for Fischer-Tropsch
synthesis. Such catalysts afford a far
simpler product distribution than ironbased high-temperature Fischer Tropsch
(HTFT) catalysts, and produce a product
slate eminently suitable for distillate
(mostly diesel and jet fuel) production.
Extensive studies were carried out not
only on catalyst formulation and the
optimisation of reaction conditions, but
also on issues such as syngas purity (cobalt is more sensitive than iron, especially to sulphur) and heat and mass transfer
from the highly active catalyst which led
to the design by the process engineers
of improved slurry phase distillate
reactors. The research culminated in
the construction and commissioning in
January of 2007 of the 34 000 barrels per
day Oryx plant in Qatar, a joint venture
between Sasol and Qatar Petroleum.
The HTFT process affords a plethora of
compounds. During the 1980s, Sasol
entered the chemicals arena and the
concept of ‘Chemical Work-Up’ (CWU)
was developed in order to extract the
abundance of lower oxygenates which
are present in the Fischer-Tropsch
reaction water stream. This was commercialised in the 1990s with the successful extraction of a range of alcohols,

l

l

4

ketones, aldehydes and acids, applying
in-depth understanding of the physical
properties of chemical components in
order to achieve separations of complex
mixtures to high purity chemical products. In the late 1990s and early 2000s,
this chemicals extraction was extended
to the separation of alpha olefins from
the Fischer-Tropsch hydrocarbon product. In particular, novel technology for
the extraction of 1-hexene and 1-octene
has elevated Sasol to a major player in
the global co-monomers business. Given
the complexity of the Fischer-Tropsch
streams, the stringent purity requirements for these co-monomers renders
this a significant achievement.
An ethyl acetate plant was started up in
Secunda in May 2001 based on technology co-developed by Sasol and Kvaerner Process Technology. This process
produces ethyl acetate via novel ethanol
dehydrogenation technology, thereby
alleviating the traditional feedstock
dependence of ethyl acetate on both
ethanol and acetic acid.
Sasol achieved beneficial operation of a
third 1-octene plant in June 2008. This
plant differs greatly from the two octene
extraction trains, being a first-of-a-kind
continuous unit which converts lower
value 1-heptene to 1-octene via the
sequential steps of hydroformylation, hydrogenation and dehydration. 1-Octanol
is produced via in-licensed technology
from Davy Process Technology, but the
dehydration technology to selectively
convert 1-octanol to 1-octene was conceptualised and developed by Sasol
scientists. Its novelty lies in the fact that
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while dehydration is a relatively simple
reaction, it is achieved over acid catalysts
which also catalyse the isomerisation of
the double bond. Terminal selectivity is
therefore difficult to achieve and maintain, and careful selection of catalyst
and operating conditions is required
to maintain the required 95% 1-octene
selectivity.
During research initially targeting selective trimerisation for 1-hexene production, Sasol scientists discovered a new
reaction: selective ethylene tetramerisation. This reaction proceeds via a
hitherto unknown reaction mechanism,
and has elicited intense interest from
both academia and industry, with many
researchers attempting to follow Sasol’s
lead. Intense research is ongoing within
Sasol to further develop this process
and strengthen its patent portfolio, with
a view to commercialisation of a third
proprietary 1-octene technology.

In summary, Sasol has long recognised that
technology advantage is critical in order to
enable business growth. Although Sasol’s
R&D capability is not large in a global context, it is very significant for a South African
company. Furthermore, the vast majority of
Sasol’s R&D employees are South Africanborn and -trained. In this context it should
be noted that over the period 2006-2008,
R70.6 million was allocated by Sasol to selected South African universities under the
University Collaboration Scheme.

4.10 Future challenges and
concluding remarks

A

unique feature of South African
academic research is the evaluation
process adopted and administered
by the NRF, whereby academics at tertiary
institutions are evaluated on the basis of
the quality of their research outputs over
long timeframes (see Chapter 1). A current
disturbing aspect in respect of the process, and of concern to many, is the average
age profile of the higher-rated researchers,
with many having recently retired or being
relatively close to retirement. This scenario
applies to most scientific disciplines, with
chemistry being no exception. The challenge is to find ways of reversing the trend,
and in particular to attract quality graduates into academic chemistry once again.
Sourcing research funding will be a further
major challenge for researchers. With the
world, including South Africa, experiencing a major recession, funding is likely to
become constrained. Although the DST,
through its various initiatives, has created
new funding opportunities, these are mostly in respect of targeted programmes. As a
consequence, research proposals will have
to be designed to meet the requirements
of the sponsorship, rather than researchers
independently designing programmes and
subsequently seeking funding for them. For
this and a variety of other reasons, much of
chemistry research will take place as com-
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ponents of multidisciplinary programmes
interfacing with broad areas such as materials, on the one hand, and biology and the
health sciences, on the other.
Finally, chemistry will continue to make
extensive and increasing use of very expensive sophisticated equipment. Various programmes are in place to meet the
equipment needs of departments/schools
of chemistry at universities in the country,
but in spite of this not all schools have the
same access to some of the more expensive
pieces of equipment. Schools of chemistry
are very expensive to run; with a reduc-

4

tion in the global demand for chemists and
increasing difficulties in recruiting quality
staff, it is likely that the question will arise as
to whether there should be a reduction in
the number of university schools of chemistry and/or whether all schools should offer
PhD programmes.
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5.1 Introduction

S

everal happy coincidences have contributed to the relative strength of biological sciences in South Africa. First,
southern Africa, by tectonic and evolutionary accident, is one of the most biologically
diverse places in the world; home not only
to the famous Cape Floral Kingdom, but also
several other less well-known centres of endemism of plants and animals, on land, in
freshwater and in the oceans. Second, the
region has been inhabited since the very
origins of Homo sapiens, and thus there is
an accumulation of well-tested indigenous
knowledge regarding plants and animals.
The colonisation and exploration of southern Africa by Europeans, starting in the 18th
century, coincided with a popular and scientific surge of interest in ‘natural history’.
The Cape was a rich source of material for
the pioneers of modern biological science,
including Linneus, Darwin and their disciples. The early focus on description and
classification was complemented, starting
in the 20th century, by a growing curiosity
regarding function, process and use, and as
the depletion of the natural resource assets
became apparent, by a concern for conservation and management.

tionally deep. In the decade 1996 to 2005,
the plant and animal sciences contributed
more publications to the global literature
than any other South African disciplinary
area (Jeena and Pouris, 2008). Bearing in
mind that South Africa spends somewhat
less than 1% of the global investment in science, and thus has a correspondingly small
fraction of global researchers and published
output, the contributions by South Africans
in selected areas have been disproportionately large. Several of these areas are in the
biological sciences (Lovegrove and Johnson, 2008), where South Africa ranks 18th in
the world in terms of published output, and
several South African universities are in the
top 1% of cited institutions, worldwide, in
biological fields (Pouris, 2007).

At the beginning of the 21st century, the
biological sciences in South Africa are both
broadly-based (spanning the scale range
from molecular biology, through genetics,
evolution, physiology to ecosystem science) and, in several sub-disciplines, excep-

The early fascination with collecting and
classifying exotic plants and animals led to
several globally-significant biological specimen repositories located in South Africa.
The national herbarium, headquartered
at the South African National Biodiversity

This introduction sketches four themes in
the development of biological sciences in
South Africa, broadly labelled evolution,
ecology, agriculture and medicine. It builds
a platform for a series of more detailed discussions of the contributions and current
state of several key sub-disciplines. The focus in the chapter as a whole is on the recent period since about 1990.
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Institute (SANBI) in Pretoria, but with hundreds of electronically-linked collaborating
collections throughout South and southern
Africa, has a million and a half accessions
of its own, and direct access to a million
more, making it the largest plant collection in the southern hemisphere. South
Africa has been a leader in the digitisation
of voucher label information, providing
an important global information resource.
The herbaria are associated with a system
of nine national botanical gardens that are
famous for their horticulture, but also undertake research and ex-situ conservation.
The national insect collections, for instance
of termites and bees, curated by the Agriculture Research Council (ARC), ants at the
South African Museum, and Coleoptera by
the Northern Flagship Institution are indispensible for the study of African species, as
is the fish collection at the South African
Institute of Aquatic Biodiversity in Grahams-town. There are renowned specialists
in the taxonomy of several plant and animal
groups, but the coverage is not comprehensive, and apparent failure of this scarce
human resource to regenerate itself is an
oft-repeated concern. However, the broader field of systematics, embracing the evolutionary processes within populations and
the relationships among groups of species,
continues to be strong in South Africa, and
has gained recent impetus from technical
advances in molecular genetics. Thus South
African scientists are actively engaged in
genome studies and in such enterprises as
the Barcode of Life. The field of evolutionary
studies has been stimulated by the rich regional palaeontological record, particularly
in the Karoo sediments, and by the ongoing
regional palaeoanthropological discover-
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ies. It has reached into other fields, such as
work on the origin of the spectacular species richness in the various centres of endemism and the evolution of diseases and
their vectors.
A second flourishing branch of biological
sciences in South Africa had its roots in
economically important natural resources.
The early economy of South Africa was absolutely dependent on forests, grazing and
wildlife, and when it became clear around
the mid-1800s that they were rapidly becoming depleted, a dual interest arose: in
their ecology, on the one hand, and conservation and management on the other.
Studies of the ecological effects of wildfire
became a strength, breaking decisively
from European and North American worldviews that saw fire as always destructive
and disturbing, and embracing an African
perspective that fire is a key process in
regional ecosystems. There is a strong tradition of population ecology, well represented in fisheries biology, ornithology and
botanical studies in the fynbos and Karoo.
There are two strong schools of systems
ecology in the country; one in the north
with a focus on savannas, and the other in
the south focusing on the marine Benguela
upwelling system. These ecosystem studies, largely university-based and catalysed
by the precursors to the current National
Research Foundation (NRF), prepared several South African researchers to take leading positions in the emerging field of global
change, or earth systems science.
The other branch of this ‘natural resource’
focus grew into the contemporary South
African strengths in conservation biology,
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invasion biology and biodiversity management. The appointment of the ‘Cape Conservator of Forests’, following the disastrous
fires of the 1850s, placed conservation
onto a scientific path. The game reserves
proclaimed in Zululand in the 1880s, and
the Zuid Afrikaanse Republiek in the 1890s
are among the oldest in the world. A notable feature of biodiversity conservation in
South Africa is the unusually tight coupling
between science and management, which
has had the spinoff of making the protected
areas of South Africa an important research
facility for both local and international scientists. A recent feature has been the massive expansion of privately-owned conservation lands, to the point where nearly a
fifth of the landscape is under some form of
biodiversity-based land use, of which only
a third is in state-owned protected areas.
The demand for conservation planning and
management services has stimulated leading centres of expertise in the fields of wildlife veterinary science, community-based
natural resource management, spatial conservation planning, coastal resources management, ecosystem service assessment
and the adaptation of biodiversity to global
change, among others. Several universities, the Council for Scientific and Industrial
Research (CSIR), the branch of Marine and
Coastal Management (MCM) of the Department of Environment Affairs, the South
African National Parks Board and several
provincial parks agencies are the key institutions in these fields.
A third branch of the biological sciences
supports agriculture, forestry and related
fields. While agriculture in the broad sense
(including crops, horticulture, forestry, poul-
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try, aquaculture and livestock) has shrunk
to a minor part of the aggregate economy,
it remains the main economic activity over
most of the land mass, the largest water
user and a vital source of rural employment. Several universities have faculties of
agriculture, the ARC has research facilities
in all the major agroclimatic zones, and
there is significant private sector research
involvement. Classical breeding techniques
led to strength in several areas of crop and
livestock genetics, from subtropical fruit
through traditional African cattle to ostriches. Recent biotechnological approaches
have been responsibly embraced, with areas of expertise particularly in hybrid eucalypts and the genetic modification of grains
to enhance their nutritional value. There is
a particular strength in seed physiology,
and another in insect physiology. A key
ecophysiological issue has been water use,
particularly by plantations of fast-growing
trees. Many years of research, now located
in the CSIR and funded by the Water Research Commission (WRC), overturned the
prevailing global wisdom that forests increased the quality and quantity of stream
flow, leading among other things to an innovative set of water laws, and policies that
target the elimination of invasive alien trees
as a simultaneous water conservation and
poverty-relief activity.
The final branch of biology we wish to
highlight is intertwined with medical science. Their close association is perhaps
not surprising, given that many prominent
figures in South African biology originally
trained as medical doctors, The steady
support for biological research from the
Medical Research Council (MRC) is another
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factor, driven by the medical challenges
provided by the African environment (most
recently, for instance, by emergent diseases
such as human immunodeficiency virus
(HIV)). Parasitology and vector studies are
areas of obvious overlap between zoology and medicine, as is the convergence
between oncology and cell biology. The
health sciences, broadly speaking, share
technologies with veterinary science and
plant pathology, which are also relatively
well-established in South Africa. There is a
centuries-long tradition of ethno-pharmacological studies in South Africa. In recent
decades it has taken on a stronger element
of intellectual property protection, benefitsharing and bio-prospecting. Large fractions of the biota have been screened for
potentially useful properties, and several
have attracted in-depth studies.
5.2 Plant sciences

S

ince the field is vast, a comprehensive
survey is not possible. Some of the
major research themes being pursued
in South Africa are highlighted here.
5.2.1 Taxonomy and systematics

T

he inter-related fields of taxonomy
(describing, identifying, naming and
classifying organisms) and systematics (relationships and diversification of organisms over time) provide the basis for all
studies in the plant sciences. Nevertheless,
the worldwide trend in research in the plant
sciences has moved away from taxonomy
and systematics, to the extent that these
have virtually assumed the status of scarce
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skills. It is ironic that in South Africa, with
its wealth of indigenous plant species, the
practice of alpha taxonomy (the naming,
classification and revision of plant families)
dwindled to the extent that work started
in 1960 and intended to culminate in the
definitive Flora of Southern Africa, has not
yet been completed. However, some alpha
taxonomy continues to be undertaken, especially by SANBI and at some universities.
The Southern African Botanical Network
(SABONET) programme under the aegis of
SANBI has proved to be an excellent enterprise, fostering collaborations among
southern African botanists and generally
raising the level of expertise, and improving
and expanding collections in herbaria and
botanical gardens. Before it was finalised in
2005, the SABONET programme attracted
and forged lasting links among taxonomists, scientists focused on plant diversity,
as well as horticulturalists, from ten countries of the Southern African Development
Community (SADC) Region. Taking cognisance of the dearth of taxonomists and systematists, the South African Biosystematics
Initiative (SABI), created under the aegis of
the Department of Science and Technology
(DST) and the NRF, is a current programme
aimed at significant enhancement of capacity in biosystematics research.
The advent and increasingly wide use of
molecular methodologies have also revived
interest and provided a much-needed impetus for studies in plant systematics. Thus,
analysis of DNA sequence data is being used
to study the evolutionary development and
diversification (phylogenesis) among plant
genera, families or orders. South African
plant systematists embraced molecular
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methodology in the early- to mid-1990s,
starting with DNA fingerprinting at the
higher taxonomic levels. Since then, the focus has shifted towards the level of species,
and presently, intraspecific studies are also
being undertaken.
Phylogenetic studies using molecular methodology on species from the Cape Floristic
Region (CFR) are contributing significantly
to an understanding of its evolutionary history, origins and age. These studies are facilitating evaluation of biogeographic hypotheses in the context of the flora of Australasia and South America. Phylogeographic
studies on individual or closely related species are gaining popularity for plant taxa
having strong affinities for specific biomes.
Use of these candidate taxa is invaluable in
elucidating the origins, age and distributional changes of biomes in South Africa.
Other molecular phylogenetic studies are
focused on invasive alien plant species in
anticipation of control of their spreading,
and the technology also has potential implications in conservation planning.
Several scientists in South Africa are also
involved in the international Barcode of Life
project, which involves sequencing of fastevolving, short-length genes as unique tags
for individual species. Successful identification of such unique genetic tags will assist
significantly in studies on species and speciation among the more than 18 000 taxa
constituting the South African flora.
In some institutions, biosystematics data
are being integrated with information on
taxonomy, evolution, genetics, pollination
and reproductive biology and biogeogra-
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phy, thus providing holistic systems overviews of plant taxa.
5.2.2 Ethnobotany

I

ndigenous knowledge about native species and their uses predates all systematic, scientific studies of plants. More
specifically, while ethnobotanical investigation in South (and southern) Africa has
its foundations in the traditional uses of a
wealth of plant species, research is aimed at
testing, verifying and cataloguing medicinally active principles; contributing meaningfully to conservation and sustainable
use of the wide range of species involved;
as well as documenting their cultural value
and economic potential. An underlying
tenet pertaining to all ethnobotanical work
being carried out in South Africa, is that
the holders of indigenous knowledge are
protected by law and provision is made for
them to share equitably in any emergent
benefits. The legislation also includes strict
procedures to control bioprospecting, thus
further providing protection against exploitation of the county’s flora and of the holders of indigenous knowledge.
With the enormous regional species diversity, it is not surprising that teaching, training and research in ethnobotany is carried
out in many of the country’s universities,
and is a focus in several research establishments. For example, SANBI maintains an active ethnobotany programme, embracing
bioprospecting to develop new phytomedicines, particularly for the suite of neglected
African diseases, including malaria, tuberculosis (TB) and diabetes. Furthermore,
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informative displays of plants used for medicinal and cultural purposes are a feature
of all nine of the national botanic gardens.
Another major programme is centred at the
CSIR, focusing on identifying potential new
drugs based on the extensive spectrum of
bioresources and indigenous knowledge
in South Africa. Aiming for scientific validation of traditional medicines, the research
also emphasises development of herbal
treatments applicable to TB, malaria and
HIV/AIDS.
Widespread interest and involvement in
ethnobotany in South Africa led to the formation of the NRF-sponsored Indigenous
Plant Use Forum (IPUF), with the stated objectives “to promote the cultural, socio-economic and scientific benefits to be derived
from the sustainable use of the southern African flora”. The IPUF holds annual symposia,
attracting a wide spectrum of participants,
from natural scientists, through anthropologists, resource managers to business
people and policy-makers.
5.2.3 Plant reproductive biology

T

wo main lines of plant reproductive
biology which are prominent in the
current research arena in South Africa
are pollination biology and seed science.
Pollination biology
Research on pollination has become prominent internationally and this is also reflected in South African plant science currently
and in the recent past, building on historic
origins established during the Darwinian
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era, although with a distinct ‘lean’ period
from then until the mid-20th century. Local
activity in pollination biology is borne out
by the current compilation of a special issue
of the South African Journal of Botany.
Pollination biology in South Africa is described as being largely in the exploratory phase, with the results of studies on
relatively few South African plant families
consistently revealing new plant-pollinator
interactions. Work in this initial descriptive
phase is loosely categorised as: identification of effective pollinators; the distribution
of pollinators, described as the pollination
landscape; floral advertising (flower colours
and scents) and rewards (nectar and pollen); breeding (distribution of sexes in flowers and ability for self-fertilisation) and mating systems (realised rates of out-crossing);
and third-party interactions, i.e. the involvement of organisms additional to traditionally recognised pollinators.
Seed science
Earlier work in South Africa on orthodox
(desiccation-tolerant) seeds contributed to
a considerable body of knowledge particularly on the phenomenon of dormancy, the
effects of plant growth regulators, deterioration in storage, and vigour. An important
enduring research area (particularly in the
MRC) focuses on the toxins produced by
the xerotolerant seed-associated mycoflora, and effects on the consumers of such
contaminated seeds.
The major fungi-producing pathogenic
mycotoxins which accumulate in the tissues of poorly-stored seeds, are species of
Fusarium, Aspergillus and Penicillium which
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are common contaminants of maize grains.
Maize is a dietary staple in South Africa (and
most of Africa), and consumption of infected grain and grain products on a daily
basis is linked to a spectrum of diseases in
humans and stock animals.
While the original studies on seed pathology and vigour focused on diseases of cowpea in Africa, current investigations have
extended to seed pathology of a range of
different crops. Centred at the University of
Pretoria (UP), the work includes evaluation
of both new chemical products and plant
extracts for control of seed-borne diseases,
and the effects of the treatments on seed
vigour and germination. Significantly too,
this programme has outreach implications
and includes evaluation of seed storage facilities of subsistence farmers.
One of the highlights of the work of the
Research Centre for Plant Growth and Development at the University of KwaZuluNatal (UKZN-Pietermaritzburg) involves the
effects of smoke from burning vegetation
matter on seed germination. Fire has long
been known to stimulate germination in
seeds of many species. Recent work has
shown that it is a component of the smoke,
rather than heat, which is the activating
factor. Recalcitrant seeds, which lack, or
cannot entrain, the mechanisms facilitating
desiccation tolerance in orthodox seeds,
remain desiccation-sensitive throughout
their development and after they are shed.
In Africa, a spectrum of tree species, as well
as species of plants used in traditional medicine, produce short-lived, heavily predated
recalcitrant seeds. Studies identifying the
basis of seed recalcitrance, and develop-
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ing means for conservation of the genetic
resources of recalcitrant-seeded species
have established the Plant Germplasm Conservation Research (PGCR) Group of UKZNWestville as world leaders in this field. The
investigations have linked ongoing active
metabolism with the inability of recalcitrant
seeds to withstand dehydration; and have
characterised two different facets of desiccation-induced damage – metabolismlinked damage which accompanies slow
water loss, and desiccation damage sensu
stricto, occurring at low hydration levels.
A key breakthrough was the development
of flash-drying technology, which minimises metabolism-linked damage, thus providing specimens which are available for
cryopreservation. Cryopreservation, which
is a major focus of the PGCR, has the potential to provide planting material for current
environmental restitution programmes, as
well as amassing a stock of resources for
habitat restoration in the face of climate
change.
Although ex situ conservation of indigenous plant genetic resources via seeds is
of prime importance, the inherent vigour
and persistence of seeds of alien invasive
species constitute a major problem (see
also below). For example, in the battle to
control Australian invasive Acacia species,
work from the Centre for Invasion Biology
(C•I•B) at Stellenbosch University (SU) has
highlighted three stages of intervention
that could reduce seed numbers, viz. evaluation, identification and release of further
biocontrol agents, and perhaps less effectively, burning to reduce leaf litter and the
upper seed bank and management of the
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lower seed bank via containment, rehabilitation and restoration.
5.2.4 Resurrection plants

S

outh Africa is the main home of a
group of extraordinary plants, able to
withstand extreme tissue desiccation.
Collectively called resurrection plants, these
species tolerate desiccation by entraining
particular mechanisms, only to regain full
metabolic potential when water is again
available. In-depth systems-based research
to understand desiccation tolerance (which
is the reverse side of the coin of desiccation
sensitivity) is conducted at the University
of Cape Town (UCT). The research covers
the spectrum from gene transcription and
regulation, through characterisation of
the proteins produced and their regulation, examination of putatively protective
metabolites produced, to the whole-plant
ecophysiological level. The phenomenon of
‘shutting down’ metabolism when dry, and
its resumption on rehydration is also studied on lichens and mosses at UKZN-Pietermaritzburg.
5.2.5 Biotechnology

P

lant-based biotechnology comes into
so many programmes at universities
and research institutes in South Africa
that it makes it impossible to survey the field
in detail in this chapter. Hence, information
is provided on a few institutional endeavours. Research in many centres is focused
on drug discovery from the wide range of
biodiversity afforded by the South African
flora and the indigenous knowledge which
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abounds. Much effort goes into validation
of medicinal efficacy of both newly-discovered compounds, and established herbal
remedies.
Sugar industry
Knowledge of the identity of genes participating in the delivery of important traits or
displaying tissue- or organ-specific expression is advantageous in the development of
rational molecular breeding strategies for
crop improvement. Over the past 15 years,
the South African Sugarcane Research Institute (SASRI) has enjoyed considerable
success in the discovery of such genes in locally-bred sugarcane varieties, which have
been used within marker-assisted breeding
and genetic engineering strategies. Using a
linkage disequilibrium mapping approach,
identified genes have facilitated the development of genetic markers depicting resistance or susceptibility to the sugarcane stalk
borer, Eldana saccharina, and to sugarcane
smut disease caused by Ustilago scitaminea
infection. The success of this approach resulted in the South African sugar industry
being the first to apply marker-assisted
sugarcane breeding within a commercial
context.
Recombinant DNA and in vitro culture
technologies have been used in concert at
SASRI to genetically engineer sugarcane.
The purpose of such research has been
two-fold, viz. to establish proof-of-principle regarding the delivery of novel input
and resistance traits to sugarcane and to
investigate the genetic basis of sucrose accumulation. Underpinning these goals has
been the in-house development of essential genetic resources, including the isola-
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tion of appropriate transgenes and gene
promoter elements, and the optimisation
of transformation and tissue culture technologies. With regard to the latter, emphasis has been placed on the development of
tissue culture strategies that minimise the
potential for somaclonal variation, while
maximising the efficiency of germplasm
transformation, selection, regeneration and
acclimation. The isolation of promoters to
drive high-level and targeted transgene
expression, as well as the identification of
DNA sequences with the potential to deliver
the desired phenotype, have been strongly
driven by advances in gene discovery and
expression technologies.
Vegetables
A priority of the ARC Vegetable and Ornamental Plant Institute at Roodeplaat is the
safe and secure in vitro maintenance of 307
breeding lines, 254 cultivars and 438 other
important accessions utilised in the local
potato-breeding programme. Potato cultivars on contract for private clients, as well
as for Potatoes South Africa, are also maintained in vitro. In addition, collections are
conserved in vitro of vegetatively-propagated crops of sweet potato, cassava, indigenous flowering plants and traditional roots
utilised in other breeding programmes.
The in vitro gene bank supplies the potato
industry with disease-free, true-to-type
mother material, and propagates any other
plant material requested on a contract basis. The potato in vitro gene bank is the start
of the Potato Certification Scheme in South
Africa. Virus-elimination is performed on
advanced potato breeding lines through
the use of heat therapy, meristem culture
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and chemotherapy with the subsequent
testing of material through three tuber
phases before it can be released as ‘virusfree’. All material that tests positive during
the process is destroyed.
For the production of plants, tissue culture
techniques are applied. Systems include
nodal cuttings as well as the propagation
of plants by adventitious shoots depending on the type of material and crop propagated. Plants are propagated on request for
clients on an ad hoc basis.
Plantation forestry
There is considerable emphasis on modern
biotechnological research and its applications in plantation forestry in South Africa,
where species and hybrids of eucalypt and
pine are mainstays of the pulp and paper
and timber industries. Commercial production and deployment of transgenic trees are
currently curtailed, in the context of present
uncertainty about any undesirable consequences of genetic modification. However,
there are other advanced biotechnological
procedures which are being applied, e.g. in
the Forest Molecular Genetics Programme
at UP, which is part of the portfolio of the
Forestry and Biotechnology Institute (FABI).
Investigation of the molecular genetics of
xylem development in fast-growing eucalypts and tropical pines is a particular focus, xylem quality being of fundamental
importance in wood products. The FMG
programme includes gene discovery and
functional genetics research, allele discovery, and development of molecular breeding tools in order to improve tree species.
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Wine industry
Researchers at the Institute for Wine Biotechnology at SU have undertaken an extensive programme aimed at engineering
both grape (Vitis vinifera) and yeast (Saccharomyces cerevisiae) genetic systems in
order to enhance wine production, both
in volume and quality. So far, perceived
consumer resistance has prevented many
of these engineered and enhanced strains
from entering the commercial sector.
5.2.6 Ecological sciences

I

n a country as large and climatically
diverse as South Africa, it is only to be
expected that the ecological sciences
are well represented, and this interest is
heightened by potential effects of elevated
atmospheric CO2 concentrations and climate change.
Ecological botanical research
Descriptive research of community structure and composition, with the correlated
environmental variables such as rainfall,
temperature and the standard chemistry
that describe soil fertility, formed the basis
of botanical ecology historically, and continues, with one or two research groups
producing descriptions each year. To date,
three broad vegetation maps of South Africa (and Lesotho and Swaziland) have been
produced, with the most recent being a
comprehensive treatment. Vegetation descriptions and environmental correlations
at smaller scales are also being conducted,
but are mostly confined to protected areas,
and large parts of the country are, as yet,
not described this way.
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The major current thrust in plant ecology
is focused on the interactions among soil
chemistry, herbivory, fire and rainfall. Several local and international research groups
are conducting a range of field experiments
and using direct observation, in a number of
different localities; these aim to determine
the influence of soil moisture and nutrients
on plant species composition, and of herbivory, fire and other disturbances on plant
growth, fecundity and survival. The effects
of climate and soils on plant demographics
are also a focus in several studies related to
the restoration of systems that have undergone marked change.
The effects of climate change on plant distribution are being studied at a broad level
by two or three research groups examining environmental envelopes in terms of
rainfall, temperature, aspect, altitude and
broad soil classifications. For a few species
the focus is more detailed.
Plant demography has been poorly researched in South Africa to date, but is
currently receiving attention from a few research groups seeking to establish the factors influencing growth, fecundity and survival in several species including grasses,
herbs, forbs and woody species.
Climate change
There are multiple connections between
the issue of climate change and the biological sciences, some of which are fundamental to the continuing evolution of modern
society within the biosphere. It is now clear
that human-caused climate change represents both threats and opportunities to
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the way in which people and society draw
benefits from biodiversity in its broadest
sense. However, there is much yet to be
learned about the complex effects that climate change is having, and will continue
to have, to the biological basis for human
well-being.
Essentially, there are three main areas of
immediate and significant biosciences-related interest with regard to the ongoing
and potential impacts of climate change.
These are: first, the biological basis for food
security, and other direct-use benefits of
biological diversity; second, the ecosystem
services that flow from managed, semimanaged and unmanaged ecosystems, and
how these might be used to adapt to, or
even assist in mitigating actions to reduce
the adverse effects of climate change; and
third, the biodiversity assets that exist in the
country, and their conservation as a store of
potential value for future generations.
The development of this field of enquiry in
South Africa is not insubstantial, but is unevenly spread across the biological sciences
as a whole. There has been surprisingly little exploration of the food security and
direct-use benefits issue, while ecosystem
services are only now starting to emerge
as a growing focus of research attention.
Most advances have been made through
the engagement of several South African
scientists and institutions in studies of how
biodiversity assets might be affected by climate change. Unfortunately, few definite
conclusions can yet be drawn due to the
large uncertainty that exists, first in the rate
and extent of climate change projected for
the country, and second, due to inadequate
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tools and approaches to assess the impacts.
Nevertheless, South African findings are
among the international forefront on issues such as the ecosystem-level impacts
of changing fire regimes, understanding of
the role of atmospheric CO2 on ecosystem
structure and function, and experimentation and monitoring in extreme environments such as warm deserts and sub-Antarctic Islands.
Ecological research in savannas and
grasslands
Attention has been paid to most of the biomes of South Africa, including the fynbos,
the Eastern Cape thickets, the diminishing
forests and the sub-Antarctic islands. However, particular attention is paid here to
savannas and related grasslands because
of the extent of their spread in Africa, and
their importance to the livelihoods of millions of people.
Some of the reasons for this focus are that
these biomes are among the youngest on
the planet; the dominant grasses have the
C4 pathway; and these biomes are particularly susceptible to increases in atmospheric CO2. C4 grasses have photosynthetic
advantages over their C3 relatives at low
atmospheric CO2 levels and where growing
season temperatures are warm to hot. They
flourished under the extremely low atmospheric CO2 (~200 ppm) of the last glacial
period but are expected to lose their photosynthetic advantage over C3 grasses in the
next few decades if CO2 emissions continue
on their current trajectory.
Global vegetation models suggest that
grasslands and savannas occur in regions
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suitable for forests, and it is probably frequent fires that restrain the growth of
woody vegetation. Mean annual rainfall,
and fire, are the most important correlates
of tree cover, with African megafauna, particularly elephants (where they still exist)
contributing to open grassy structure. The
advent of satellite imagery has led to an
increased appreciation of fire in impacting
on both vegetation structure and global climate change.
The future of savannas and grasslands is
uncertain. The direct effects of increasing
atmospheric CO2 are likely to be considerable, given that C3 woody vegetation is
likely to respond more than the C4 grasses.
A consequence of this is that woody species may grow sufficiently rapidly to escape
the flame zone and thus become well established. The overall effect of increasing
CO2 in grassy ecosystems is to promote
woody plants within savannas, leading to
increased woody cover. Indeed, in South
Africa, scrub forest has invaded savannas
in conservation, commercial ranching and
communally farmed areas. Acting against
CO2-induced increases in woody cover are
climate-induced increases in tree mortality
from drought or high-severity burns.
Changes in woody cover have many consequences, both positive and negative,
for pastoralists, timber-use, biodiversity,
and ecosystem function. Changes in tree
cover can have important ecosystem consequences with feedbacks to the earthatmosphere system, including the role of
trees as carbon sinks and their influence on
energy budgets and hydrology.
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The costs and benefits of changes in woody
cover in the tropical grassy biomes vary, depending on ecological and socio-economic
contexts, and spatial scale. Carbon sequestration projects have become a source of income in some regions where increased tree
cover is a desirable goal. Elsewhere, tree increase is undesirable, as in African savanna
parks and livestock farming areas. Forest
spread into grasslands could cause cascading changes in biodiversity. Holistic studies
of the consequences of changes in savanna
landscapes are needed to evaluate fully the
social and economic impacts on society
and on nature; this is an area that requires
further directed research in South Africa.
Grassland science
Grassland science is an applied form of
plant science in South Africa referring to
the ecology and management of natural
grassland and cultivated pasture. The term
can be somewhat misleading in that grassdominated vegetation occurs in many of
the biomes (other than the grassland biome) occurring in South Africa. Internationally, ‘rangeland’ is a more commonly used
term to describe natural, grass-dominated
vegetation.
In South Africa, grassland science originated out of a need to understand and manage the vast natural veld used primarily for
livestock production. The origins can be
traced to the Drought Investigation Commission Report of 1923, in which many recommendations pointed to the development
of a focused attempt to improve veld and
livestock management and soil conservation. At the time, vegetation management
in conservation areas was considered to
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be less of a priority. Several agricultural research stations were set up across the country around 1930, with the aim of studying
livestock and fire impacts on veld, as well
as additional forage production in the form
of pasture development. This was followed
by the development of specialist degrees
at several universities, as well as specialist
training at agricultural colleges.
Over time, the emphasis has shifted from
a strong agricultural production focus to a
more conservation-orientated focus with a
strong emphasis on management for biodiversity, ecosystem services and hydrology.
This has necessitated forging stronger links
with environmental and ecological fields
closely allied to conservation biology.
Major research themes in grassland science
are currently focused around biodiversity,
the impacts of climate change and climate
change mitigation. Many of these themes
incorporate some of the more traditional
aspects of soil/plant/animal/fire interactions to a greater or lesser extent. Ecosystem
reconstruction has emerged as a significant
grassland research theme, with the aim
of developing functional ecosystems on
grassland degraded by mining, agriculture,
timber production or other development.
This has largely been driven by progressive
legislation emphasising restoration of biodiversity.
The grasslands programme run by SANBI is a
national initiative which aims to sustain and
secure the rich biodiversity and ecosystem
services of the grasslands biome for current
and future generations. This has provided a
major thrust in attempting to mainstream
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biodiversity management into all aspects
of grassland utilisation and management.
Invasion ecology
Invasion ecology, the study of the introduction, establishment and spread of organisms to new locations beyond their natural
ranges, is, perhaps not surprisingly, a thriving field of plant science research in South
Africa. Local researchers have produced
some of the most highly-cited papers in the
global invasion literature, and South Africa
is one of only three regions outside the US
where such a concentration of highly-cited
researchers in the field is found. While the
primary focus of research to date has been
on basic issues such as the production of
conceptual frameworks, definitions to understanding the process of invasion as well
as the mode of introduction, distribution,
abundance and impacts, there is an increasing awareness of the need to understand
the link between invasions and management actions.
Mounting evidence connects alien plant
transformer species to declines in ecosystem integrity and services. In South Africa,
a semi-arid country with limited water resources, woody invasive plants such as
Australian Acacia spp, have transformed
riparian zones and have been linked to significant reductions in water supply. Such
evidence led to one of the world’s largest
initiatives to clear watersheds of invasive
trees, the Working for Water programme.
This programme, with joint aims to enhance ecological integrity, water security
and social development, has been operating since 1995, and has provided researchers with important opportunities to link re145
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search with management questions at both
national and local scales. Invasion research
received an additional boost when, in June
2004, the C•I•B was established. With its hub
at SU, this interdisciplinary, interinstitutional DST-NRF Centre of Excellence has rapidly
become established as a world leader of
research into biological invasions, building
upon an already substantial and well-recognised science base.
5.2.7 Plant physiology

P

lant physiology can be divided into
cellular/biochemical and whole plant
or ecophysiological studies, although
there are studies that span the range, and
stress response can be seen as a common
theme. Much of the cellular physiology has
biotechnological leanings and some of the
physiological studies are covered elsewhere
in other sections of this chapter.

Ecophysiology
There is a small group of active ecophysiologists in the country; some of whom specialise in a particular biome, whereas others have an interest in a particular aspect
of physiology and investigate this over a
wide range of biomes. There has been some
good work on the fynbos biome, savannas,
the arid Karoo, coastal sand dunes and subAntarctic islands. In addition, studies have
been undertaken on managed ecosystems,
and there is substantial physiological input
into the sugarcane industry and commercial forestry plantations.
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ing, water relations, nutrient relations and
photosynthetic characteristics, using both
gas exchange and chlorophyll fluorescence
techniques.
There is some excellent work on evolution
and ecology of C4 grasses which is challenging some of the accepted dogma on this
topic. Similarly, some of the work assessing
interactions between transpiration and nutrient uptake is strongly influencing current
thinking. There have also been some good
studies on plant hydraulics, linking hydraulic characteristics to plant survival, growth
and distribution. Studies have been undertaken on tree-grass interactions in terms of
water relations and, especially, the importance of atmospheric CO2 concentrations
on these relationships.
Cellular physiology
Cellular physiology studies in South Africa
cover a wide range. There is considerable
work on plant growth regulators (including
the action of smoke as a germination stimulant), and their importance in developmental physiology, including seed development
and dormancy. Studies have been undertaken on the control of sucrose production
in sugarcane, linking this to source-sink relationships. There is also work on plant-pest
interactions, particularly some fungal pests
and aphids. In common with worldwide
trends, a major thrust in cellular physiology
is the study of gene regulation associated
with various biotic and abiotic stresses, with
the ultimate possibility of genetic modification to improve stress resistance.

Plants in these systems have been studied in terms of growth, biomass partition146
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5.3 Animal sciences
5.3.1 Freshwater life sciences

L

ong before inland waters were studied
as ecosystems, European systematists
such as GO Sars were describing new
species of crustacean from South Africa’s
fresh waters. While collectors brought
specimens of plants back home to Europe
for their botanical colleagues to describe
and name, Sars’ colleagues would send him
packets of dry mud from the bottoms of
temporary ponds in the Cape Town, Knysna and Port Elizabeth areas. Sars would
add water to the dried mud and describe
the numerous species of small crustacean
that hatched out. Keppel Barnard carried
on where Sars left off, collecting and describing numerous groups of crustaceans,
insects and fishes from the 1930s to the
1950s. After Barnard, the momentum soon
declined, though, and the individual species
of many groups of aquatic invertebrates
have not even been described. Almost all of
our understanding of the biology of these
lesser-known groups is drawn from studies
on species living elsewhere in the world.
On the other hand, some invertebrates and
some fish taxa are relatively well known
taxonomically and genetically; such studies
often show very high levels of endemism
relating to flocks of cryptic sibling species,
especially in the CFR. With regard to aquatic
and riparian plants and algae, while most
have been described, we are sadly ignorant
about almost every aspect of their biology
and distribution.
The earliest true limnological work was
performed by G Evelyn Hutchinson in the
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1920s and 1930s. Hutchinson, together with
Grace Pickford and Johanna Schuurman, all
from the University of Witwatersrand (Wits),
investigated a number of pans and other
inland waters. The study of South Africa’s
rivers began with the groundbreaking
work of Arthur Harrison and his colleagues,
whose studies on the Berg River were some
of the first in the world to examine seasonal
changes in water chemistry and invertebrate assemblages down the entire length
of a river.
The heyday of fundamental research in the
aquatic sciences was reached in the 1980s,
a remarkably productive period in which
a series of national scientific programmes,
including one on the ecology of reservoirs,
another on the fynbos biome, another
on the large Nylsvley wetland and yet another on wetlands in general, was funded
through the CSIR. Termination of funding
ended these programmes and since then,
research funding in the aquatic sciences
has, with a few notable exceptions, been
almost entirely directed towards applied
research. While there is still a great deal to
learn on every aspect of aquatic ecosystems
and their inhabitants, the more fundamental aspects of the science have given way to
pressing conservation and management issues. Although this research is entirely useful and valid, we are at risk of running out of
what might be termed ‘knowledge capital’.
We are living on the interest of the intellectual capital gained in the past. If we are to
be innovative in our approach to the conservation and management of aquatic ecosystems, we need to generate new capital
in the form of new, undirected, ‘blue-water’
research.
147
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The applied research being undertaken in
this country is, nonetheless, of considerable value and some of it is at the cutting
edge of management-related science. An
example concerns the quantification of water allocations for maintenance of aquatic
environments. The idea of allocating water for this purpose was first mentioned in
South Africa in the 1970s. By the mid-1980s,
scientists and engineers were working together to come up with methods for quantifying ‘instream flow requirements’ for rivers. Such co-operation was fruitful ground
for innovative ideas in water management
and South Africa’s new National Water Act,
promulgated in 1998, was the first in the
world to require that rivers, wetlands and
groundwater would have priority of use of
their water (except for a small amount to be
set aside for basic human needs). Quantification of the amounts and quality of water
needed to maintain rivers in a sustainable
condition has been challenging, but South
African aquatic scientists and managers are
world leaders in the field.
Because of the need to monitor the condition (‘health’) of rivers and wetlands, and
more particularly because of the need for
methods to quantify water allocations,
South African aquatic scientists have developed a number of bioassessment techniques. One, using invertebrates to assess
water quality, has been successfully applied
for several years, while others are presently
being developed or tested. A River Health
Programme has been established and State
of the Rivers reports produced for various
parts of the country. The continued success
of this programme, too, is threatened by issues of management and human capacity.
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Modern aquatic sciences in South Africa are
largely supported by the WRC, a parastatal
body, which in turn is funded by a small
levy placed on the sale of water; this remarkably innovative and successful model,
which seems to be unique to South Africa,
is the envy of aquatic scientists in the rest
of the world.
5.3.2 Estuarine biosciences

S

outh Africa has a relatively low annual
rainfall by comparison with many other countries in the world. The eastern
areas are better watered than the western
areas, but being steep, the relatively broken
topography has resulted in a great many
small estuaries. The situation in South Africa
is similar in many ways to that of Australia
and both countries follow the research results of the other very closely.
Estuaries have the characteristic of being
open either permanently or occasionally to
the sea. When open, they have freshwater
flowing in to them from the land and seawater flowing in and out as the tides rise
and fall. If the flow of river water stops, the
mouth closes because the sea washes sand
into the mouth. If the mouth is not flushed
out by river water the estuary ceases to exist as an ecosystem. Estuaries act as areas of
important activity with respect to breeding of marine fishes, amongst other things,
which have a direct monetary impact on
the country’s gross domestic product.
As South Africa develops, and the population rises, there is increasing pressure on river water supplies for human use and the en-
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vironment. The National Water Act of 1998
requires that water be made available for
both human use and for the environment.
The need for water for the environment is
because there is understanding that water
resource protection is inseparable from the
environmental protection of rivers.
Every estuary has a minimum requirement
for river water to keep the mouth open in
order to maintain the marine river connection. Each estuary has an absolute requirement for minimum quality water to meet
standards needed for the estuarine biota.
The abstraction of river water for the human activities of irrigation, industrial activity and municipal supplies means that there
is less water available for estuaries. Agriculture uses water some of which is lost via
evapotranspiration but some leaches out
to the groundwater taking with it fertiliser
residues that eventually result in estuary
eutrophication. Mining activities produce
pollutants of various types that negatively
affect estuarine biota, while municipal
use results in the discharge of excessive
amounts of minerals that cause estuaries to
become eutrophic.
Estuarine bioscience activities in South
Africa are a combination of management,
which attempts to apply the results of basic and applied research to the problems
described above. Government, in the form
of the Department of Water and Environment Affairs, is active in implementing the
Resource Directed Measures programme
that specifically attempts to match basic research on hydrology, hydrodynamics, sedimentology, water chemistry, macrophytes,
microalgae, zooplankton, macrobenthos,
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fish and birds to the specific freshwater
needs of every estuary. Provincial governments and some municipalities are active
in implementing the management requirements of estuaries under their jurisdiction.
Estuarine physical, chemical and biological
sciences are undertaken by a closely knit
group of scientists, most of whom belong to
the Consortium for Estuarine Research and
Management (CERM). This group is voluntary, has no membership fees and functions
to keep the different scientific and management disciplines in contact via a website, email and discussions. No research or
management funds are handled by CERM
with the result that there is no competition
within the organisation. Membership is encouraged for persons outside South Africa
and correspondence flows freely between
South Africa, Australia, the UK, the US and
some sub-Saharan African countries.
5.3.3 Marine biosciences

G

iven its land area of some 1.2 million
km2, South Africa has a relatively
short and very linear coastline of little over 3 100 km (less than 20% of that of
the UK and only 7 cm per citizen). However,
the country lies at the junction of three of
the world’s great oceans, the Atlantic, Indian and Southern Oceans, thus offering a
remarkably diverse oceanographic regime
to researchers.
The east coast, dominated by the warm,
southerly-flowing Agulhas current, contains some of the world’s most southerly
coral reefs, while along the west coast the
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cold Benguela current facilitates development of kelp beds and provides livelihood
for seals and penguins.
Because of its physical diversity, the region
also supports a remarkably rich marine biota for its size. This currently comprises 12
760 described species, of which 4 233, or
33%, are endemic (Griffiths et al., in press).
However, many taxa remain poorly investigated and waters deeper than 1 000 m
(75% of the Exclusive Economic Zone) have
barely been sampled. The area is thus fertile
for further discovery and thousands more
species undoubtedly remain to be discovered there. Another feature of the region
is the strong gradients of both productivity and biodiversity around the coastline.
The cold, productive, up-welled waters of
the west coast support relatively few species, but several major commercial fisheries, whereas the warmer, nutrient-poor
east coast has greater species richness, but
fewer smaller fisheries.
Although European explorers collected
marine specimens in the Cape as early as
the 1700s and the South African Museum,
which included marine collections, opened
in 1825 (one of the earliest outside Europe),
indigenous research in marine biology in
the region is generally regarded as dating
from 1895, when John D Gilchrist was appointed as government marine biologist,
and later as both a curator at the South
African Museum and (in 1907) as chair of
zoology at the South African College (later
UCT). From these humble beginnings, marine biosciences have developed into one
of the more active and productive fields of
research in the country, contributing signifi-
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cantly to the country’s high research output
in the biological sciences.
The current marine bioscience community
in South Africa is small by global standards;
regional symposia normally attracting some
300 delegates, many of them students. Research activities are extremely diverse, but
can perhaps be grouped into three main
categories.
Researchers based at museums and national facilities have as their primary role the
maintenance and description of taxonomic
collections. The most important collections
remain those at the South African Museum
(129 000 records), but the major collections
of some taxa are housed at other institutions, notably fish (56 000 records) at the
South African Institute for Aquatic Biodiversity in Grahamstown, mollusks (63 000)
at the Natal Museum and algae at both
Rhodes University (RU) (32 000) and UCT
(11 000). Unfortunately, permanent posts
for staff to both maintain and work on these
collections seem to be dwindling.
A second research group is that employed
by government departments, notably the
MCM, plus smaller groups in national and
provincial conservation authorities, and
whose mandate is largely one of management. MCM houses the largest single group
of marine scientists in the region and their
responsibility is mainly research into and
management of, the nation’s commercial,
recreational and subsistence fish stocks. Recently, the institute has also developed an
active aquaculture section that is playing
an important role in developing new target
species. MCM also plays an important na-
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tional role as publisher of the African Journal of Marine Science, the primary vehicle
for marine bioscience publications in the
region.
The last and most diverse group comprises
researchers at universities and non-governmental organisations. Several coastal universities have significant marine bioscience
groupings, notably UCT, University of the
Western Cape (UWC) and SU in the Western
Cape, and UKZN, RU and Nelson Mandela
Metropolitan University (NMMU). Other
organisations include the Oceanographic
Research Institute and Natal Sharks Board
in Durban. Researchers in such groupings
have considerable freedom to pursue wider
research agendas and their interests are
correspondingly diverse. However, some
co-ordination of marine research within
the country has been encouraged and
sustained by the South African Network
for Coastal and Ocean Research (SANCOR),
which provides a forum for interaction and
collaboration among local researchers and
has developed a series of co-ordinated thematic research programmes.
5.3.4 Mammalian zoology

M

ammalogy has been a strong discipline in the biological sciences
within South Africa for the past
50 years, with a number of universities (UP,
UCT, RU, NMMU and UKZN) playing major
roles in its development. The Iziko, Northern Flagship, McGregor, the Durban Natural
Science Museum and the National Museum
of Bloemfontein have had a strong involvement in maintaining collections of mam-
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mals. Undoubtedly though, much of the
major research over the past four decades
has been spearheaded by the Mammal Research Institute at UP. African mammalogy
has embraced both the marine and terrestrial environments; marine mammalogy
has concentrated on the cetaceans and pinnipeds that frequent the coastline and the
sub-Antarctic islands, whereas terrestrial
mammalogy can be divided into research
on the large and charismatic mammals of
the sub-region, and the less studied smaller
mammal fauna. The major disciplines of
ecology (including behavioural ecology
and conservation ecology) and ecophysiology have been the main thrusts in large
mammal biology. The fields of ecophysiology, sociobiology, ecology and behavioural
ecology have been the major focus of work
on small mammals. In addition, work on
mammalian systematics, conducted principally by groups at SU, UP and several museums, embraces standard morphological
as well as modern molecular phylogenetics
and the use of chromosome painting that
have greatly advanced our knowledge of
the relationships of mammals at the ordinal
and family level. In the field of ecology, the
deployment of the latest electronic technology has allowed for the satellite tracking
of large marine and terrestrial mammals.
There are strong research groups in South
Africa currently working in the disciplines
of thermophysiology, evolutionary ecology, ecology, behavioural ecology, reproductive physiology and systematics. This is
further recognised by the awarding of two
DST-NRF research chairs in the broad field
of mammalogy.
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5.3.5 Ornithology

T

he efforts of the early collectors notwithstanding, the launching pad for
modern ornithology in South Africa
was the publication of Edgar Layard’s Birds
of South Africa in 1867. This was subsequently expanded and co-authored with
Richard Sharpe, resulting in a multi-volume
work completed in 1884. Following accelerating interest in birds in the late 19th century, the South African Ornithologists’ Union,
the first ornithological society in Africa, was
established in 1904 and the first issue of its
journal appeared the following year.
The early years of the journal and its successors (including Ostrich, which is still
published today) contained many contributions by the first South African-born
ornithologist to achieve an international
reputation, viz. Austin Roberts. Most of the
work published by Roberts was summarised in his 1940 book, Birds of South Africa.
This book has been the South African ‘bird
bible’ since its first publication and survived
in something approaching its original format for 65 years, before being completely
rewritten as a fully referenced handbook
in 2005. It remains the best-selling African
natural history book of all time.
The publication of ‘Roberts’, as it is popularly known, caused an immense upsurge
in interest in ornithology. Today, in terms
of the numbers and quality of handbooks,
field guides and other birding books, South
Africa stands head and shoulders above
most countries in the world. But if Austin
Roberts earns recognition as the father of
modern ornithology in South Africa, then
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the accolade of ‘mother’ must surely go to
Cecily Niven.
Cecily Niven was the only daughter of Sir
Percy FitzPatrick, author of the South African classic Jock of the Bushveld. In 1954,
shortly before she became president of the
South (later Southern) African Ornithological Society (now BirdLife South Africa), she
invited the International Ornithological
Congress to hold its next meeting in South
Africa. This was declined, but a year later
she initiated the first Pan-African Ornithological Congress, which was held at Livingstone, Zambia, in 1957. These meetings are
still held every four years.
Cecily Niven’s commitment to ornithology
in South Africa went far beyond conferences and workshops. In 1958, assisted by
her husband Jack, she garnered the support of the SAOS when she announced that
the Percy FitzPatrick Memorial Trust would
make available the initial capital endowment to launch the Percy FitzPatrick Institute of African Ornithology (PFIAO). Despite
strong competition from RU, UCT’s promise
to provide a dedicated building for such an
institute swung the decision in its favour.
The PFIAO remains the only institute of ornithology in the southern hemisphere, and
one of only a handful in the world.
The first director of the PFIAO assumed office in 1960. Interestingly, even though the
PFIAO will be celebrating its 50th anniversary
in 2010, there have only been four directors
to date. Today, the PFIAO’s Niven Library
stands as a memorial to the Niven family’s
vision. From humble beginnings, it is the
most comprehensive ornithological library
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in the southern hemisphere, and probably
the most comprehensive collection of African bird literature in the world.
Although several ornithologists, some of
considerable international acclaim, worked
at institutions other than UCT, the establishment of the PFIAO provided a formal
home for ornithology as a professional science in South Africa. The 1960s saw unprecedented developments in the public standing of science and technology. Funds for
research were available from abroad as well
as locally, but this bounty was not fully exploited by the PFIAO. Much of the first decade of the PFIAO involved the documentation of the region’s avifauna which, despite
handbooks dating back to the 1860s, was
still poorly known. Namibia also featured
prominently on the PFIAO’s agenda, being
the first step towards the institute realising
its mission as a centre for the study of African ornithology.
Under new directorship, the PFIAO built
up a critical mass of graduate students by
the mid-1970s and its research prospered,
including the setting up of major research
programmes on the South African-owned
Prince Edward Islands in the sub-Antarctic
Ocean. These have subsequently expanded
to include the British-owned Gough Island
and the Tristan Group, as well as Antarctica.
But scientific expansion into the remainder
of continental Africa was slower, accelerating only from the 1990s. By the mid-1980s,
politically imposed intellectual sanctions
were firmly in place, with many journals
refusing to consider contributions from
South Africa. Despite this, in 1989, ornithology was identified as the South African
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scientific discipline with the greatest international impact (of 108 analysed), ranking
third, equal with Canada behind the US and
the UK.
Among the natural sciences, ornithology
has benefited by its large public appeal,
fuelled in part by popular books produced
by amateur and professional ornithologists
alike. The 1980s saw a significant growth in
what has come to be known as ‘citizen science’, using birdwatchers to gather large
data sets, especially about the distribution
and abundance of birds. The biggest such
project to date was the Atlas of Southern
African Birds. This project, started under the
aegis of the PFIAO, was subsequently handed over to UCT’s department of statistical
sciences. As it grew, it led to the formation
of the Avian Demography Unit (now the
Animal Demography Unit), which is now
responsible for many other, similar projects
across a suite of taxa. The bird atlas collated
information from thousands of volunteers
in six countries. At the time it was the largest biodiversity project ever carried out in
Africa, culminating in the production of a
two-volume analysis in 1997. Preparation of
the second regional atlas is now underway.
Whilst the value of birdwatchers to ornithology should never be dismissed, there
is a widespread misconception that birdwatching and ornithology are necessarily
synonymous. This is far from true; some of
the most seminal concepts in biology have
arisen from scientific studies of birds. The
formulation of Darwin’s Theory of Natural
Selection was strongly influenced by observations of birds, as were the advances in behavioural science of Tinbergen and Lorenz.
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Ornithology in South Africa continues to
provide such far-reaching insights. For example, a study emanating from the PFIAO
and published in 2008, proved experimentally for the first time the existence of teaching (and Pavlovian) behaviour in a wild bird
species. This is likely to have wide-reaching
ramifications for many aspects of scientific
research, including cognition and behavioural ecology.
Several factors have contributed to the
recent rise of ornithology in South Africa,
including advancing technologies (such
as tracking and molecular techniques)
that have added immense value to behavioural and demographic data, increasing
cross-disciplinary fertilisation in terms of
ideas and techniques, and the integration
of citizen scientists and the post-apartheid
expansion of networks of international collaborators. Ornithology has come a long
way since the intellectual isolation of the
1980s and all indications are that it is set for
a healthy future.
5.3.6 Entomology

H

uman recordings of insects in southern Africa were first discovered
in San rock paintings that depict
swarms of honeybees, honey hunting activities from colonies in rock crevices and
drawings of honeycombs. The San were also
adept at using insects as a source of venom
for their arrowheads that made hunting
large animals a more successful enterprise.
Insects, particularly the large larvae of silk
moths are regarded as a culinary delicacy
(mopane worms).
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The entomological fauna of southern Africa
was extensively collected in the 18th and
19th centuries and this material was deposited in the natural history museums of Europe and the UK. The scientific study of insects based in South Africa was established
in the late 19th century, with the founding
of natural history museums and with the
recognition that agricultural development
was dependent on a careful study of the
insect pests of agricultural crops. Appointment of applied entomologists in colonial
government service served as the basis for
the development of applied entomology.
During the early part of the 20th century,
systematic entomology was the preserve of
the natural history museums, while the Department of Agriculture was responsible for
applied entomological research. Two very
significant areas of research were in the
control of swarms of locusts that could do
extensive damage to agricultural production and control of the mosquito vectors of
the malaria parasite.
After World War II, a significant number of
research institutes were founded and established programmes dealing with particular
crops and their associated insect pests; for
example, mosquito-control programmes in
an attempt to eradicate malaria; tick-control programmes in an attempt to control
livestock diseases. In addition, the National
Collection of Insects that is housed in the
Plant Protection Research Institute in Pretoria became a focus of work in systematic
entomology, particularly in relation to agricultural pests. This collection and those
of the natural history museums contain an
invaluable record of the arthropod biodiversity of southern Africa which will be of
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inestimable value in monitoring the effects
of climate change.
The establishment of departments of entomology in the agricultural faculties of a
number of South African universities led
to a flourishing of studies of insect natural
history and to the production of the entomologists who would staff the research institutes, both of the public and the private
sectors. The research carried out by these
individuals led to a significant rise in agricultural productivity and an increase in livestock production.
Research areas in which South Africa has
had and continues to have a significant
international impact, have been in developing the systematics of particular groups
of insects, insect conservation biology,
biological control of weeds, medical entomology, forest entomology and veterinary
entomology.
5.4 �����������������������
Biotechnology and molecular biology

B

iotechnology has played a central
role in the development of the molecular biological sciences in South
Africa. Under the government’s 2001 National Biotechnology Strategy, a series of
development vehicles, enacted and managed through the DST, have been created.
The traditional focus on biotechnology
research, supported by the NRF, has been
substantially broadened with the establishment of organisations aimed at transforming basic research outputs into commercial
initiatives.
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The Biotechnology Regional Innovation
Centres (BRICs), viz. the Cape Biotech Trust
(Western Cape), BioPad (Gauteng), and in
KwaZulu-Natal, LifeLab (Durban) and PlantBio (Pietermaritburg); the Innovation Fund
and various technology platforms (such as
the Centre for Proteomic and Genomic Research) and National Equipment Program
facilities (such as the Solexa sequencer at
UWC), all contribute to a substantial stimulation of biotechnological activities in
South Africa.
As is typical in many developing countries, biotechnological research and development in South Africa tends to focus
on national needs, issues and resources.
Biomedical research is well developed,
but with particular emphasis on high profile diseases such as HIV, malaria and TB.
The commercialisation of biotechnological
developments in the biomedical field, led
by the Western Cape BRIC (Cape Biotech),
includes pharmaceutical product developments (Shimoda), biomedical devices (Biovac) and diagnostic methods (Synexa).
5.4.1 Biodiversity and bioprospecting

S

outh Africa is geologically, climatically and environmentally diverse.
The western Cape, in particular, is a
biological ‘hotspot’, recognised as one of
the world’s six most biodiverse regions and
natural habitat to some 6 000 different indigenous plant species. Such extensive
biodiversity has led to substantial interest
in bioprospecting for new bioactive compounds from national and international
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agencies and researchers. This interest in bioprospecting South Africa’s plant diversity
has in the past been strongly underpinned
by indigenous knowledge, based on the use
of certain plants as therapeutic agents over
millennia by the indigenous peoples of the
country. Notable successes from this programme include the appetite-suppressive
drug derived from the desert plant Hoodia
and trials on the use of Sutherlandia to
boost immune systems in clinical AIDS sufferers. Bioprospecting among other groups
of organisms, particularly endemic fungal
and bacterial diversity has, until recently,
received little attention. However, at the
time of writing two exciting initiatives are
in progress. The first is the growing interest
in metagenomics in the country. The term,
coined in the late 1990s, refers to studies of
biological diversity which focus on multiple
organisms and their genomes (metagenomes) rather than single organisms. Two
research groups have been very actively involved in this field for the past five to eight
years: the research group at UWC and the
BioPad-funded Metagenomics Platform
at UFS, the latter focusing on arguably
one of the most exciting and unique
biomes in the world, South African deep
mine biodiversity.
An appreciation of the country’s unique genomic diversity has stimulated several major legislative and structural developments
in the country. The former Department of
Environmental Affairs and Tourism (DEAT)
(now Department of Water and Environmental Affairs) recently promulgated new
regulations relating to the processes of bioprospecting and exploitation of biological
resources. Central to these guidelines are
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new protocols for acquiring permits which
include a formal requirement for profit
sharing agreements with the ‘owners’ of the
biological resource. As they stand, these
guidelines contain a number of anomalies,
although DEAT has already taken steps to
engage the users, to identify anomalies
and bottlenecks and to resolve some of
the more substantial limitations of the
legislation.
A second major initiative, currently under
discussion is the development of a Bioprospecting Platform. Early suggestions are
that this platform may be built around new
robotic high-throughput screening technology, capable of rapid screening of large
genomic and metagenomic DNA libraries.
This technology has wide application in
the identification of new bioactive compounds (such as enzymes, antimicrobial
compounds, therapeutics etc.) and can be
expected to be an important component
of the growing national biotechnology industry.
5.4.2 Plant biotechnology

A

rguably the best-developed biotechnology sector in South Africa is the
field of plant biotechnology. The reliance of the country’s economy on primary
production, the climatic extremes of much
of the region and the growing uncertainties
around food security have all led to a surge
of interest in plant genetic engineering,
whether for enhanced crop production, reduced pathogen sensitivity or improved environmental resistance (see section 5.2.5).
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5.4.3 Biofuels

G

iven that South Africa does not have
natural oil reserves, the incentive to
develop economic alternatives to
fossil fuels is high and biofuels research is
currently an important research focus. Unlike many northern hemisphere countries,
South Africa does not have huge grain
surpluses that might be used to generate
bioethanol. The recent debate over the social and political impacts of diverting foodgrade carbon (such as maize) to biofuel
production has led to a government policy
framework aimed at protecting food supplies. As a consequence, biofuels researchers have refocused on non-edible lignocellulosics as a potential source material for
biofuels production.
Two organisations have taken an active role
in promoting biofuels research: these are
the South African National Energy Research
Institute (SANERI) and the BRIC, PlantBio.
Both organisations have provided substantial support for biofuels research and
development (R&D). PlantBio has recently
allocated R20 million to a consortium
of laboratories comprising researchers at
UWC, SU, CSIR and Cape Peninsula University of Technology (CPUT) to develop the
enzymology of lignocellulosic digestion.
SANERI co-sponsors the biofuels research
chair at SU.
5.4.4 Structural biology

T

he history of structural biology can
be traced back to the contributions
of Aaron Klug, who after completing
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his MSc in crystallography with RW James
at UCT, and his PhD at Cambridge, went on
to postdoctoral studies on virus structure
with Rosalind Franklin at Birkbeck College
in London. It was this remarkable work in
laying the foundations of modern structural biology that ultimately earned him a
Nobel prize in 1982.
Several early attempts at Wits and then at
the CSIR to establish structural biology laboratories did not succeed. However, a major
boost to structural biology in South Africa
occurred through Wellcome Trust grants
which facilitated collaboration between
local researchers at UCT and international
researchers and resulted in the X-ray crystallographic structure determinations of
a number of proteins, including the structure of angiotensin converting enzyme. The
Wellcome Trust also funded the move of
the Jeol 1200EXII cryo-electron microscope
from Birkbeck College to Cape Town, creating significant local capacity and resulting
in the publication of the first macromolecular structure determined entirely on the African continent (Sewell et al., 2003).
Recently, a joint UWC/UCT structural biology initiative funded by the Carnegie
Foundation (2003-2006), supported the
acquisition of South Africa’s first X-ray diffractometer (UWC) and the upgrading of
SU’s 600mHz NMR to protein-NMR capacity,
which is also developing rapidly at other
universities around the country (UKZN,
UFS, RU). A second X-ray diffractometer
was purchased and a DST/NRF research
chair in structural biology was created at
Wits in 2008. There has also been pressure
from researchers to establish a nationwide
157

TWAS book_Chap1-6.indd 157

2009/10/05 01:08:11 PM

5

the state of science in south a f r i c a

BIOLOGICAL

structural biology platform. At the time of
writing, this platform is still in the formative stage, but is likely to provide long-term
stimulation of structural biology through
support for the technology, the research
and the technical expertise.
5.4.5 Environmental genomics

O

ne of the ‘quantum leaps’ in the field
of biology over the past decade has
been the arrival of relatively inexpensive high-throughput sequencing capacity. The ability to generate gigabasepair
volumes of sequence data in very short time
periods (typically 4-10 days, depending on
the sequencer) has revolutionised the approaches to many aspects of molecular
and environmental biology. It is now possible, for example, to use whole genome
sequencing as a primary tool for acquisition of single genes or operons, as a viable
alternative to more classical gene library or
PCR approaches.
Following the commercial availability of
Roche ‘454’ sequencers in the early 2000s,
South Africa rapidly entered the market
with the acquisition of two machines, one
unit operated commercially by Inqaba
Biotechnology (Gauteng) and the other
sited in the the LifeLab BRIC. A third highthroughput sequencer, Illumina Genome
Analyzer II (formerly known as a Solexa),
was subsequently installed at UWC. At the
time of writing, two of the three machines
are heavily used with a variety of genome,
metagenome and EST sequencing projects.
Many groups have obtained full microbial
genome sequences (typically 2-5 million
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base pairs) and larger sequencing projects,
such as the apple and pear genomes, are
underway. In addition, numerous projects
in the area of total transcriptome sequencing are rapidly producing quantitative descriptions of plant and fungal gene transcripts, while deep sequencing of viruses
from plants and humans is revealing much
about the complexity of mixed infections
and disease syndromes.
Projects to sequence multiple genomes
are just starting, and an initiative to sequence 1 000 genomes from Mycobacterium tuberculosis promises to revolutionise
our understanding of the drug resistance
and virulence genetics of this pathogen.
The recent entré into genome sequencing has yet to yield a significant volume
of publications, but a large increase in the
outputs from this technology is expected
in the next few years. Interestingly, there
is evidence that the capacity to obtain sequence data has (temporarily) outstripped
the country’s capacity to manipulate those
data, and the computational infrastructure
for assembly and annotation of genome
(and metagenome) sequence data is currently inadequate. This problem has already
been partly resolved with the commissioning as national resources, of the new IBM
BlueGene/P and Sun M9000 supercomputers. These systems, which are due to come
online in September 2010, will be used for
genome assemblies (and much more). The
approaching launch of the new structure
to support bioinformatics research and
development in South Africa and the establishment of SANReN (South African National Research Network), which will allow
the movement and use of the very large
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datasets, will together contribute strongly
and very positively to effective handling of
high- volume sequence data.
5.4.6 Biocatalysis and industrial enzymology

S

outh Africa’s contribution to this huge
international field of research and
commerce is surprisingly small in spite
of the enormous local biodiversity and widespread commercial use of enzymes in local
industry. In a global industrial enzyme market worth in excess of US$2 billion, South
Africa’s research activities are restricted to
the extensive research and development at
CSIR Biosciences and to a limited number of
university laboratories. Industrial enzymology is generally underpinned by gene discovery, a field most active in the UWC and
UFS metagenomics platforms. Leading university enzyme application laboratories are
restricted to CPUT, UFS and UCT, although
there are valuable contributions from other laboratories at RU, SU and the Durban
University of Technology (DUT). Commercially, several South African firms, such as at
Faizyme Laboratories and BBI Enzymes SA
(previously Seravac) in the Cape, produce
small quantities of enzymes for niche or local markets.
5.5 Conservation biology

South Africa has a long history, starting in
the early-20th century, of scientific research
and application in what today is known as
conservation biology. Conservation biology emerged as a self-standing discipline
only in the late 1970s. In the early- to mid-
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1900s, South African research in this as
yet unrecognised discipline, dealt mainly
with agricultural applications such as soil
conservation, range degradation and invasive alien plant control (see section 5.2.6).
Considerable attention was given also to
the description and mapping of botanically characterised communities, later to
become entities for assessing conservation goals. Concern about the extirpation
of game, already raised in the mid-1800s,
led to the proclamation of several game
reserves in the northern and eastern parts
of the country and, concomitantly, there
was a marked growth in research for the
scientific management of wildlife populations, mainly large or rare mammals. However, the main focus of research was on
managing ecosystems for the services they
provide for humans, namely livestock production, game products and water yields.
Management for ecosystem service delivery is now a highly fashionable branch of
conservation biology in which South Africa
is a leading participant.
The vulnerability of the world-acclaimed
Cape flora to inappropriate fire regimes
and invasive alien plants was highlighted
in a landmark publication by Wicht in 1945,
which was the first comprehensive conservation assessment of a South African biome.
Ken Tinley was a pioneer of the landscapeecological approach to conservation, both
in South Africa and globally, by highlighting the linkages between watershed condition and the conservation status of coastal
ecosystems and species. Under Brian Huntley’s leadership, the 1977-1987 decade witnessed a surge of co-operative ecological
research, much of it with a conservation an159
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gle, which yielded a healthy crop of scientific products and personnel. Huntley also
anticipated the massive growth during the
1990s on biodiversity research by initiating
a southern African-wide assessment of the
topic in the late 1980s. South Africa is signatory to the Convention on Biological Diversity, which, along with the region’s exceptionally high biodiversity and capacity for
research and implementation, resulted in
the inflow of large amounts of donor funding for conservation. In some fields of conservation biology, research has flourished.
Given space constraints, research achievements in selected sub-disciplines of conservation biology are highlighted.
5.5.1 Terrestrial conservation
planning

C

onservation planning is the identification and implementation of conservation areas using scientific methods. It comprises three phases: assessment,
planning and management. South African research on all three phases has been
hailed as groundbreaking. Noteworthy is
that South African research has operated
in a real-world context of limited budgets,
donor-driven deadlines and expectations
of action. This has led to a research-for-implementation approach that is not typical
of conservation planning research undertaken elsewhere in the world.
Systematic conservation assessment, which
uses decision-support tools to identify priority conservation areas that are representative of regional biodiversity, was pioneered
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in Australia and South Africa. This approach
seeks to redress biases in reserve systems
resulting from opportunistic strategies that
invariably resulted in the overrepresentation in protected areas of landscapes of
marginal economic value. Since the mid1990s, South Africa has received generous
funding from international and domestic
sources for regional conservation planning.
Researchers have made important contributions to assessment techniques, particularly target setting and incorporating ecological and evolutionary dynamics spatially.
However, perhaps the greatest contribution
has been research on translating outputs of
systematic assessment into knowledge that
can be used for ‘doing’ conservation. The
key ingredients of this ‘planning-for-implementation’ approach are careful design,
conservation planning processes, skills for
conservation assessment teams, collaboration with stakeholders, and interpretation and mainstreaming of products (e.g.
maps) for stakeholders. Another recent and
important South African contribution has
been the integration in a real-world context
of requirements, both from assessment and
implementation perspectives, of terrestrial
and freshwater biodiversity features into
conservation plans.
5.5.2 Wildlife and ecosystem
management

T

he existence of a relatively large
state-owned conservation estate in
South Africa from the early part of
the 20th century led to both an opportunity and need to investigate the management of wildlife and African ecosystems in

160

TWAS book_Chap1-6.indd 160

2009/10/05 01:08:12 PM

b i o lo g i c a l s c i e n c e s

BIOLOGICAL

their near-natural state. At the same time,
several iconic species (such as the squarelipped rhino) were in imminent danger of
extinction. Expertise in the capture, translocation and veterinary care of large mammals became a national speciality. Research
into population biology, habitat needs and
wildlife feeding patterns also proliferated
during the 1960s, leading to the establishment of a research chair in wildlife management and a Mammal Research Institute at
UP and the South African Journal of Wildlife
Research.
By the early 1970s it became clear that
some of the pressing problems (largely outside the protected area network) were not
amenable to a piecemeal approach. Strongly influenced by the International Biosphere
Programme experience in the emerging
field of ‘ecosystem research’, South Africa
initiated a series of ecosystem programmes
which proved to be seminal in establishing
both a collaborative approach to science
and a cohort of ecologists whose influence
is still strongly felt. Brian Huntley was a key
figure in managing the Cooperative Scientific Programmes, initially out of the CSIR
and later out of its offshoot, the Foundation
for Research Development, now the NRF.
The first established was the South African
Savanna Ecosystem programme, based at
Nylsvley, followed soon thereafter by the
Fynbos Biome Programme, the Benguela
Ecosystem Programme (in the marine environment) and eventually by programmes
in the aridlands of the Karoo, the grasslands
and the forests. Brian Walker was attracted
from Zimbabwe, and had a lasting influence
on ecosystem science in South Africa.
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South African wildlife management in formal protected areas was internationally
admired for its efficiency, but the model
had severe limitations in the remainder of
the landscape. For a range of reasons, wildlife was becoming an important land use
outside of reserves. New approaches to
conservation, particularly on communal or
private land, originated in Zimbabwe (then
Rhodesia) and came south, influencing
management both inside and outside protected areas. Among the many innovations
was a view of managed natural ecosystems,
often wildlife-based, as opportunities for
job creation and economic development;
a participatory approach to land management; and the implementation of adaptive
management as a way to deal with variability and uncertainty.
The strong body of scientists with experience in interdisciplinary work and an ethos
of sustainable use rather than strict preservation meant that South Africa (with Zimbabwe) was well positioned to enter the
field of ecosystem services (‘the benefits
that people derive from nature’) when it
blossomed in the early years of the 21st
century. The Southern African Millennium
Ecosystem Assessment was an important
project in establishing this approach. The
experience gained in scientific assessments
fed back into wildlife management, for
instance in the scientific assessment of elephant management in South Africa.
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5.6 Concluding comments

T

he biological sciences in South Africa
have a strong base. Government interventions (through the DST) throughout the first decade of the 21st century have
dramatically improved national funding for
biological research and the infrastructural
base required by modern molecular biology. This commitment has been particularly
evident in the field of biotechnology. It is
pertinent to note that in July, 2009, the Minister of Science and Technology, Ms Naledi
Pandor stated that South Africa aims to be
among the top ten countries worldwide in
the biotechnology industry, in terms of the
pharmaceutical, nutraceutical and biopesticide industries (among others) by 2018.
She went on to say that structures, which
would operate under the aegis of the recently-established Technology Innovation
Agency (TIA), had been established on a
nationwide basis to enhance research and
innovation in biotechnology.
Student enrolment in biology at tertiary
education institutions remains strong and
growing. Gender equality has broadly been
achieved at undergraduate level in this
field. Racial transformation is making good
progress among the student body, and
is gradually working its way through the
ranks, with much leakage into other fields
of endeavour. One of the fastest-growing
sectors of the economy is nature-based
tourism, and biotechnology continues to
be attractive to both students and research
funders. The challenges of a biosphere
under stress inspire many young people
to join in the search for local and global
solutions.
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The South African academic community is
small and widely dispersed. It is dominated
by an ageing research population. The acquisition of young active researchers, who
have the potential to become national research leaders of the next decade, is constantly under threat by the attractions of
higher salaries outside the university sector and by strong international laboratories (and currencies). Despite these threats,
there is considerable cause for optimism.
Opportunities for higher degree research in
South Africa are excellent, in that bursaries
to support Masters and PhD researchers
are readily available and easily accessible.
With the government’s commitment to the
biotechnology industry and the knowledge
economy, there is every reason to believe
that the sector with continue to grow and
that the nation’s international competitiveness on the global stage will continue
to expand. Many aspects of the biological
sciences have now become mainstreamed
in the South African economy, and the
platform for the future is overall healthy,
dynamic and robust, even as historicallystrong sub-disciplines lose their primacy
and new, unimagined ones arise.
A shift in focus in the second half of the decade from fundamental to applied research
is seen by some as a substantial threat, but
is more widely perceived as a necessary
re-orientation in order to exploit scientific
expertise and productivity for the growing
knowledge economy.
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6.1 Introduction

S

outh Africa’s unique earth science heritage provides an exceptional natural
laboratory for the earth sciences, at
the same time affording the country’s earth
science professions and educational institutions an opportunity to take their rightful
place as global leaders and innovators.

A comparison of global hypsometric curves
demonstrates that the African continent has
the highest average elevation above mean
sea level, with South Africa comprising a
high-lying interior, with marginal escarpments leading down on to relatively narrow coastal plains, bordered in most areas,
except the southern coast, by narrow continental shelves. This unique physiography
and geographical location has endowed
the country with particular oceanographic
and meteorological characteristics.
South Africa is surrounded by two of Earth’s
greatest oceans and is situated astride the
subtropical high pressure belt which determines its meteorology. In addition, the geological heritage of the country is arguably
the greatest endowment of any country
or even region on Earth, providing equally
unique economic geological and hydrological riches.
However, against this backdrop of a unique
and globally relevant natural history and
the opportunities it provides, there are

many challenges facing the earth sciences,
including funding constraints, increasing
student numbers, pressure to redress past
imbalances in the racial composition of
the student population, and an ageing and
predominantly white male teaching staff.
Although common to most other disciplines, the impact of the first two pressures
is particularly severe in the earth sciences
because of their heavy dependence on field
work.
6.2 Geological Sciences

S

outh Africa’s mineral riches make it literally the most valuable piece of real
estate in the world, with the exception
of the oil-rich Middle-Eastern areas. However, the long-term viability of hydrocarbon
supplies cannot compare to the longevity
of most of South Africa’s mineral deposits.
Some pertinent examples, expressing proportions of global mineral reserves in South
Africa (using latest available figures, from
2007) are: 88% of platinum group minerals;
80% of manganese; 72% of chrome; 40%
each of gold and vermiculite; and 32% of
vanadium. Exploration spending in South
Africa was the eighth highest of any country
globally in 2007, and in that year the local
minerals industry contributed almost 8% to
gross domestic product (GDP), while employing approximately 10% of all registered
taxpayers. This enormous industry and the
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wealth it creates bring untold benefit to the
geological sciences in the country.
Many large international mining houses
have their own research teams and laboratories that cooperate closely with many
universities. Indeed, some tertiary institutions house industry laboratories. There
is a close working relationship between
industry and academia, not least through
the Minerals Education Trust Fund (METF),
which currently subvents salaries of geological science teaching staff at six universities. About one third of all geological
science students at the large departments
have bursaries from either private or state
sectors in the industry, and the regular consulting services of academics contribute
to their own expertise provide postgraduate projects and funding. The advantages
of practising earth sciences within a large
and very active minerals and mining industrial sector cannot be overstated in terms of
contributing to quality and global status.
As a consequence, South African mining
engineering and geological sciences have
always enjoyed global recognition far in excess of either the size of the population or
economy (South Africa comprises about 1%
of the global economy).
Further advantage accrues to the geological sciences through South African institutions such as the Council for Geoscience
(CfG), Mintek, and the Council for Scientific
and Industrial Research (CSIR; specifically
Miningtek, now known as the Natural Resources and Environment Division). The CfG
employs a large geological staff whose prime

SCIENCES
duty is to map and assemble basic, as well
as applied, geological data, for the entire
country. It also houses valuable mineral,
rock and fossil collections, a very large set
of maps, publications, borehole cores and
borehole logs, plus analytical laboratories,
geophysical and engineering geological
sections. Access to these databases and
facilities is open to all academic geologists,
at special rates or even without payment.
Mintek also employs a large, predominantly
mineralogical and metallurgically qualified,
staff component, and houses excellent analytical facilities. Again, cooperation with
academia is ongoing. The CSIR undertakes
mainly applied research, particularly in mining technology and cooperates with many
university geological science departments
countrywide. State funding through the
National Research Foundation (NRF) and
the government subsidy to universities on
the basis of research publications in a set of
recognised journals are benefits that apply
across a broad spectrum of disciplines.
The number of staff in geological science
departments at universities in South Africa
is shown in Table 6.1. The department at the
Witwatersrand (Wits) University is the largest with 27 staff, followed by a group of seven departments with between eight and13
staff each, and ranging down to some even
smaller departments. The large staff component at Wits is an anomaly in that it includes two endowed institutes (Bernard
Price Institutes for Geophysics and for Palaeontology) and some unusual specialisations (Table 6.2). When these posts are excluded, Wits fits well into the second group
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of what might be called average departments which are adequately staffed; however, each department within this dominant
group of departments is about half the size
of a typical geological science department
within first-world countries. If the academic
staff situation at the average South African
geological science department is less than

6

luxurious, support and technical staff components are a good deal worse off in most
cases. Staff members lacking PhD qualifications (Table 6.1) may reflect either a young
staff component (e.g. UP), or the merging of
mainstream university geological science
departments with those from the former
technikons1 (e.g. UJ).

Table 6.1: Number of teaching staff in geological science departments at South African universities, divided according to position and qualification
University with
geological science
departments
Witwatersrand (Wits)

Total teaching staff
(additional vacant posts
are indicated in brackets)

Professors*

Lecturers
(with PhD)

Lecturers
(without
PhD)

27

13

12

2

Pretoria (UP)

12 (+1 )

5

3

4 (+1)

Johannesburg (UJ)

12 (+1)

4

3

5 (+1)

KwaZulu-Natal (UKZN)

10 (+2)

4

6 (+2)

Stellenbosch (SU)

11

6

5

Cape Town (UCT)

10

6

4

8 (+1)

5 (+1)

1

2

Free State (UFS)

8

5

2

1

Rhodes (RU)

6

2

4

4 (+2)

1 (+1)

1

2 (+1)

5

2

2

1

2

Western Cape (UWC)

Nelson Mandela Metropolitan
(NMMU)
Fort Hare (UFH)
Venda (UV)

5

1

North-West (NWU)

4

1

Tshwane University of Technology (TUT)

2 (+2)

Limpopo (UL)

1 (+1)

Univ
geol
dep

Preto

Joha

Kwa

Stell

Cape

Wes

Free

Rhod
Nels
polit
Fort

2

Vend

Nort
Tshw
Tech
Limp

1 (+2)
1 (+1)

Source: websites and personal communication, March 2009.
*The terms professor and lecturer are used in the generic sense.

*The te

1 Technikons were higher education institutions in South Africa that focused on technological training.
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An analysis of speciality fields of teaching
staff for the entire country shows an overall
bias towards igneous petrologists and igneous geochemists, with a secondary concentration in the fields of structural geology
and geodynamics (Table 6.2). Staff in small
departments that are not listed in Table 6.2
have the following specialities: UV has five

staff members who are all in the fields of
mining geology and environmental geology; the speciality fields of staff at UL and
TUT are unknown. The sedimentological
and metamorphic fundamental disciplines
are relatively small, with mineralogy being
very weak. Provision of staff in the equally
fundamental fields of stratigraphy and pal-

Table 6.2: Number of teaching staff by geological science sub-discipline at South African universities
Major
DISCIPLINE

NMMU NWU

Igneous &
Igneous
Geochem.
Structural
and
Geodynamics
Sedimentology
and Basin
An.

RU

UCT

UFH

UFS

UJ

UKZN

UP

SU

UWC

WITS Total

1

1

2

4

3

2

1 VP

1

3

1

4

23

1

1

1

2

2

1

3

1

1

2

2

17

1

1

1

2

1

1

9

1

1

3

1

9

1

1

Metamorphic

2

1

1

1

Mineralogy
Stratigraphy

2

1

1

2

Palaeontology

4

4

Mining
Geol.

1

1

Econ. Geol.

2

1

Environ.
Geol.
and Geochem.

1

Hydrology

1

Geophysics

1

Geochemistry

1

1

1
1
1

2(a)

1(b)

2

2

1

1

6

1(+1)

1

5

4

6

1

8

1

Engineering
Geology
Other*

1

1(a)

5(c)

2(+1)

2(+1)

1(d)

2(a)
2(e)

6
1(f )

7(g)

22

Source: websites and personal communication, March 2009.
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* Subdisciplines under Other
are as follows:
(a) no specialisation;
(b) soil scientist;
(c) two geoeducationalists,

SCIENCES
one palaeomagnetist,
two geometallurgists;
(d) marine geologist;
(e) natural hazard geoscientist;
(f ) geomorphologist;

aeontology would be considered by many
in South Africa as a luxury, and the actual
numbers are consequently also low. Applied geological fields, incorporating the
fields of mining geology to engineering geology in Table 6.2, also comprise relatively
small groups of specialists. Notwithstanding the somewhat arbitrary definition of
categories and the difficulty of classifying
some individuals, it is clear that:
1 The number of specialist geoscientists in
any field is very small by international
standards;
2 The distribution of this limited population amongst so many departments and
universities would appear to be unwise;
3 The role of highly competent and pro-

6

(g) three palaeoanthropologists, two geoeducationalists, one Quaternary
geo chemist, one atmospheric geochemist.

ductive individuals is almost certainly
greater than would be the case in the
large, well-endowed institutions in the
first world, making any department and
team very vulnerable to retirement or
resignation losses.
This rather parlous situation is exacerbated
when considering individual scientists who
are viewed as international leaders or are
internationally recognised in their fields (Table 6.3). Again, the role of a small number
of people is emphasised and their loss
through any circumstance would be significant to their host institutions. This total
of only 20 leading individuals amongst 15
geological departments countrywide over
a 26-year period (1983-2008) is very small.

Table 6.3: National Research Foundation (NRF) ratings for geological scientists over the
period 1983-2008 (where an individual has changed institution over time, the individual is
assigned to the institution where the rating was initially obtained)
Category of leading
international scientist

UCT

WITS

UJ

UP

UKZN

Iziko Museum,
Cape Town

A1

3

1

2

0

0

0

A2

1

0

0

2

0

0

B1

3

5

0

0

2

1

Total

7

6

2

2

2

1

NRF ratings are:
A1 = recognised by all reviewers as international leader;
A2 = recognised by majority of reviewers as international leader;
B1 = recognised by some reviewers as international leader.
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In terms of speciality, these individuals
comprise eight igneous petrologists-geochemists; four geodynamicists; two sedimentologists; two palaeontologists; and
one in each of geophysics, engineering geology, economic geology, and marine geology. The same dominance in the igneous
and structural geology fields is observed as
noted earlier.
A number of fully or partially endowed research chairs exist within the geological science departments as follows:
Wits: Platinum Industry Chair in Igneous
Petrology; SARChI (South African
Research Chair Initiative) Chair in
Exploration, Earthquake and Mining
Seismology; Chamber of Mines
Chair of Mining Geology;
UCT: Philipson-Stow Chair in Mineralogy
and Geology; Chamber of Mines
Chair in Geochemistry;
UWC: United Nations Educational,
Scientific and Cultural Organisation
(UNESCO) Chair in Hydrology;
UJ: SARChI Chair in Geometallurgy;
US: SARChI Chair in Experimental
Petrology;
RU: Minerals Industry Chair in
Exploration Geology;
UP: Kumba-Exxaro Chair in
Geodynamics; Aon-Benfield Chair in
Natural Hazard Research.
A summary of the characteristics of geological science departments at South African
universities follows.
University of Limpopo (UL)
UL is trying to rebuild its department after a
lapse of several years. A degree programme

SCIENCES
was restarted in 2008 and UL currently has
a single staff member and 26 first-year and
16 second-year students.
North-West University (NWU)
NWU, partly comprising the former Potchefstroom University for Christian Higher
Education (PUCHE), had a small yet vibrant
department from 1935-1992, known for
its research on the Vredefort Dome (led by
Andries Bisschoff, who was the head of
the department from 1976-1986) and for
contributing geologists particularly for the
Witwatersrand gold fields. NWU is currently
rebuilding their department.
University of Venda (UV)
UV has degree programmes focused essentially on mining and environmental
geology, but without a full component of
fundamental geological science sub-disciplines, graduates from the university experience problems finding suitable employment. UV has large student numbers at BSc
level.
Nelson Mandela Metropolitan University
(NMMU)
NMMU, previously the University of Port
Elizabeth, opened a geology department
in 1970, under the leadership of Izak Rust
(head of the department from 1970-1995),
who was succeeded by Russell Shone. Two
vacant positions at the university have not
been filled for some time and with the imminent retirement of the senior geoscientist
(Shone) NMMU faces an uncertain future.
The university has large student numbers
at BSc level.
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Rhodes University (RU)
RU has a rich history of Bushveld and Karoo basalt research (led by respectively,
Hugh Eales and Julian Marsh, both previous
heads of the department), as well as Karoo
sedimentology. RU has an MSc course in exploration geology (run since 1978 by John
Moore) which has gained international
recognition and critical support from the
mining industry. The imminent retirement
of Moore affects the viability of this course
and, in the longer term, the future of such a
small department.

petrology. These interests are still strongly
represented in the current department,
which enjoys international leadership in
these fields. Andrew Duncan and Anton
le Roex continue to lead this department
within igneous petrology and geochemistry. Cooperation with the global diamond
industry, particularly the De Beers Group is
significant, and the accent remains on mafic-ultramafic rocks rather than more acidic
types, which have been a long-time focus at
the neighbouring Stellenbosch University
(see below).

University of Fort Hare (UFH)
Geological sciences at UFH started 44 years
ago. The single undergraduate programme
emphasising traditional fundamental subdisciplines is complemented by a highly applied Honours offering (economic geology,
geophysics, engineering geology and hydrology). The current head is Baojin Zhao.

Other specialist fields at UCT, particularly
the structural and sedimentological aspects have never enjoyed quite the same
status, although the Precambrian Research
Unit, which focused largely on the geology
of highly deformed and metamorphosed
terranes in Namaqualand and Namibia in
the west of the southern African subcontinent, contributed substantially to such
aspects locally and internationally. Despite
this, the individual within this department
in recent times with the greatest measure
of international recognition is Maarten de
Wit, who joined the university in 1986. De
Wit has a notable global reputation, within
several fields: greenstone and cratonic evolutionary studies; the history of the Gondwana supercontinent; spatial aspects of the
geosciences; structural and geodynamic
studies; and analytical geosciences. He is
probably best known for his ’intra-oceanic
model‘ for early island arc and continental
crustal genesis, one of the standard models
accepted worldwide, encompassing also
the chronological aspects of ocean volume
growth leading to drowning of previously
exposed mid-ocean ridges. This research,

University of Cape Town (UCT)
UCT has always had a strong bias towards
petrology and mineralogy, with geochemistry indubitably tied into a focus particularly on igneous petrology. A separate, yet
allied geochemistry department, founded
in 1962 under the world-renowned Louis
Ahrens, laid an important foundation for
this still extant focus of the UCT geology
department. Two products of the geochemistry department, John Gurney and Tony Erlank, rose to great prominence, locally and
abroad. Erlank succeeded Ahrens as the
second and last head of this discipline, from
1978-1992 when the two departments
amalgamated once again. Gurney achieved
international prominence through work on
kimberlites, diamonds and upper-mantle
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tied intimately to ocean basalt geology,
places De Wit’s work also squarely within
UCT’s traditional petrological focus. Marine
geoscience is the other noted discipline
within the history of UCT geology, having
begun under Eric Simpson’s urging, during his tenure as head (1957-1974), with
Richard Dingle achieving prominence internationally and heading up the Marine
Geoscience Unit, to be followed, part-time,
by Ben-Avraham (Tel Aviv University) until
its disbandment in 1994.
University of the Witwatersrand (Wits)
The school of geosciences at Wits has a large
and diverse staff and highly multidisciplinary history. The school encompasses the
two Bernard Price Institutes (BPI); that for
Palaeontology (founded in 1945), together
with the allied palaeo-anthropology group,
and has a well-recognised international
standing, particularly for hominid work
(in cooperation with several other departments at the university) and for Karoo reptile and mammal-like reptile fossils (Bruce
Rubidge, current head, BPI Palaeontology).
Wits has the only palaeontological research
institutes at a university in South Africa
and curates a very large and scientifically
valuable collection of fossils, mainly from
the Karoo and from the hominid-bearing
sites of Taung, Makapansgat and the Sterkfontein Valley. The institutes also have the
necessary preparation facilities and staff
to prepare and curate these collections.
This is fortunate in a time that the number
of palaeontologists and curation staff employed by museums in the rest of the country is declining. BPI Geophysics (founded
in 1936) currently enjoys less recognition
and focuses on theoretical aspects rather

SCIENCES
than on applied geophysics, yet is the only
recognised centre for this discipline in the
country (there are only two other individuals in the field, at UCT and UFH). Recently, the Africa Array initiative across the continent has been enhancing their status. The
status of geophysics at Wits and, indeed,
in South Africa can be attributed to Louis
Nicolaysen (BPI Geophysics 1954-1993;
director 1963-1992). His contributions were
in many fields: geochronology; mine safety
including seismic events and rockbursts;
oceanic work around the country; the
famous Vredefort impact site; geodynamic
research related to mantle stresses; and
Gondwana geology.
Perhaps the major field characterising the
Wits geosciences school lies in economic
and mining-related geology, also stimulated by the long-lived Economic Geology Research Unit (EGRU; now EGRI), which
was founded in 1957 and has always had a
strong Witwatersrand gold focus. Led in
earlier years by Des Pretorius (1966-1990)
and successor Carl Anhauesser, it gained
prominence as a result of the work of LJ
Robb, who is noted for his seminal work on
the Witwatersrand basin. This department
has also shone within the igneous petrology field and through work on the Bushveld Complex, led in recent decades by
Grant Cawthorn and Lewis Ashwal. Ashwal
worked closely with De Wit of UCT, particularly on greenstone belts and Archaean
crustal evolution, and is also an international authority on anorthosites. He has a strong
African research interest, with recent work
on crustal rocks in Madagascar. The sheer
variety of expertise at Wits is underlined by
other internationally acclaimed scientists,
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such as Terence McCarthy (geochemist and
environmental geologist, noted for sedimentological work on the Okavango Delta
and for fluvial studies), Tim Partridge (engineering geology, geomorphology, stratigraphy of hominid fossil-bearing caves in
the Malmani dolomite) and Alan Wilson
(geochemistry). Other work at Wits that has
attracted international recognition is the
impact cratering group there (led initially
by Uwe Reimold, now Roger Gibson). The
school at Wits has always enjoyed a close
and distinctively supportive relationship
with the South African (now more international) mining industry, which has been of
great benefit to the unversity, both scientifically and financially, thus making it possible for Wits to support such a large staff
complement and wide range of activities
within the geosciences.
University of Stellenbosch (SU)
Geology at SU dates back to 1895, and from
the late 1970s onward, this department
has had several focus areas: e.g. geochemistry (Dave Cornell and Dieter Hallbauer),
gemology (HS Pienaar), alkaline rocks (Wilhelm Verwoerd) and structural geology
(Ingo Hälbich). With the appointment of
Abraham Rozendaal to the chair in 1995,
economic geology became a dominant focus area for teaching and research by the
staff complement of six. Student numbers
were very limited, with approximately 20
undergraduates, 15 Honours students and
ten MSc and PhD candidates. From 2000 to
2006, the department underwent a period
of change, with high turnover of both staff
and postgraduates; the staff complement
grew to seven posts and a young and research-orientated group was formed. Stu-
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dent numbers grew but research productivity also advanced significantly. In 2007,
geology and geography merged to form
a new department of geology, geography
and environmental studies. Coincident
with this, a new stream in environmental
geochemistry was begun and two new
positions were filled in this area. The enormous increase in undergraduate student
numbers seen in all geological science departments countrywide, also affected SU,
and in excess of 400 first-year students are
now registered. On the positive side, this
has begun to stimulate geology numbers at
higher levels, with an effective doubling of
second- and third-years, and with Honours
currently up to 18, while there are ten MSc
and seven PhD candidates.
The new department, a reconstituted staff,
and greatly enhanced student numbers coincided with the appointment of a worldrenowned (granitic) igneous petrologist,
John Clemens, in late 2007. He also brought
in equipment to further enhance the experimental petrology laboratory, already
a unique facility in Africa. This, together
with the recent appointment of Ian Buick,
an internationally recognised metamorphic petrologist, allied to a SARChI chair
for Gary Stevens in experimental petrology, has transformed the SU department
into one with a distinct and powerful focus
on hard rock petrology, embodied in the
Centre for Crustal Petrology. Research publications in the best international journals
are starting to result, with the department
making significant contributions globally
to research on partial melting of the crust;
the formation of granitic magmas in Archaean and post-Archaean environments;
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the geotectonic evolution of the Barberton
and Damara belts; and the understanding
of sedimentary and igneous ore deposits.
Planned expansion of the staff complement, to address Geographic Information
Systems (GIS) technology, hydrology and
the broad environmental and earth-system
aspects of geoscience, as well as a chair in
statistical geography, are in the offing.
University of Pretoria (UP)
Geology at UP, which started in 1908, has a
strong tradition of Bushveld Complex geological studies (dating back to the 1940s)
and expertise in mineralogy, a relatively
uncommon sub-discipline in South Africa.
With the founding of the Institute for Geological Research on the Bushveld Complex
(IGRBC) in 1975, under the leadership of
Gerhard von Gruenewaldt (head of the department 1978 -1991), Bushveld studies at
UP came of age, and the vision of earlier
department heads such as BV Lombaard
(1947-1952) and particularly of Johannes
Willemse (1952-1967) was realised. This
institute gained widespread international
recognition and brought many noted
igneous petrologists to UP and the country. During its 18-year history, the IGRBC
ensured that a strong team of such specialists (notably Martin Sharpe) remained at UP
and produced world-class research under
von Gruenewaldt’s leadership. At the same
time, teaching in the hard rock and mineralogical fields, amongst others, was led by
stalwarts such as CP Snyman (1956-1999)
and Erich Förtsch (1964 -1999).
Applied geology at UP began in the late
1970s with engineering geology (inspired
by department head, Dirk Visser, 1968-
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1977), led by Monte van Schalkwyk from
1979-2003. Currently this sub-discipline,
offered elsewhere only at UKZN, is growing
in terms of student numbers, and the staff
complement was recently increased from
two to three. A full-scale study programme
in exploration geophysics ran from 19842006, when staff resignations and small
student numbers led to its end. With the
launch of the essentially externally-funded
Aon-Benfield Natural Hazard Centre, Africa,
in 2008, the sub-discipline of geophysics,
allied to the insurance and actuarial industry, has been reborn, with two staff members and a strong accent on seismology and
mine-induced seismicity. UP now focuses
on its traditional areas of Bushveld geology and mineralogy, with allied strengths
in Precambrian crustal evolution and basin
analysis (led by Pat Eriksson), metamorphic petrology and geodynamics (KumbaExxaro Chair), in addition to the applied disciplines discussed above. Applied mineralogical research is centred on a very fruitful
and growing cooperation with the South
African Police Services’ forensic laboratory
in Pretoria.
University of KwaZulu-Natal (UKZN)
UKZN has a more complex history than
most universities, geology having begun
in 1910 in Pietermaritzburg. In 1942 the
department head, Lester King, an internationally respected geomorphologist and
experienced Antarctic researcher, moved
the department to the Durban campus.
While a full department continued in Durban, the poor relation in Pietermaritzburg
struggled on with only a first-year course
and a succession of part-time lecturers.
In 1968, Victor von Brunn, a noted glacial

174

TWAS book_Chap1-6.indd 174

2009/10/05 01:08:15 PM

earth sciences

EARTH

SCIENCES

geologist, was appointed and stayed until
its closure, in 1999. He was joined by Dave
Hobday who began modern sedimentology as an academic discipline in the country.
The Pietermaritzburg department finally
reached maturity with the appointment
of Don Hunter, an acclaimed Precambrian
specialist. He built the department into
a very effective unit with limited staff, including Allan Wilson, who succeeded him
in 1993. Wilson, a globally recognised igneous petrologist and geochemist, joined
the Wits geosciences school in 2007 after
having succeeded Fred Bell as head of the
amalgamated Pietermaritzburg and Durban departments.

was one of the first people to teach modern
concepts of plate tectonics in South Africa
(much to the abhorrence of the ‘luddite‘
King) and set a foundation for the structural field which endures at UKZN till today.
The UKZN school of geological sciences is
currently one of the larger departments in
the country and is the strongest centre of
structural geology and geodynamics in the
country, with a strong accent on Precambrian terranes, led by Steve McCourt (current department head since 2007) and Mike
Watkeys. There is also a small yet effective
marine geoscience section which collaborates with the local office of the Council for
Geoscience.

In the meantime, the main branch in Durban had continued to flourish, with Ron
Taverner-Smith (an experienced coal geologist and sedimentologist from Belfast)
replacing King in the Chair in 1972 (until
1989). A double major in geology introduced in King’s time later allowed the development of geology and applied geology streams, with a full Honours course in
engineering geology. This was initially led
by Rodney Maud, and in later years by Allan
Kerr and then Colin Jermy. Apart from the
UP department, UKZN is the only other that
offers this specialisation field in South Africa. The discipline was further strengthened
in 1990 with the appointment of the new
department head, Fred Bell, an engineering
geologist of international repute. In 1989,
Ted Saggerson and Peter Matthews retired
after long and very successful careers, having become the doyens, respectively, of
mineralogy-metamorphic petrology and
structural geology at UKZN and with wide
South African reputations. Peter Matthews

In 1978, geology was also launched at the
University of Durban-Westville (UDW) as a
subject, with a fully autonomous department launched in 1983, headed by Ingo
Forster, a recognised ore petrologist. In
1985, a noted invertebrate palaeontologist,
Michael Cooper, was appointed. He was
acting head following Forster’s retirement
in 1991, until the arrival of Steve McCourt
in 1995. The latter continued to build the
UDW department until its amalgamation
with the Durban department in 2004.

6

University of the Free State (UFS)
Geology at UFS began in 1910. More recently, from 1967 to 1990, under the leadership of Ben Botha and then Nick Grobler,
the UFS department was built up into one
of the larger and more significant centres in
the country. Geochemistry (still a strength
today) and hydrology were initiated, with
the launch of the Institute of Groundwater
Studies led by Frank Hodgson, marking an
important milestone in the earth sciences in
175
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South Africa. During the 1970s and 1980s the
UFS department undertook extensive mapping (on contract to the Geological Survey)
in the Bushmanland area of Namaqualand
and in adjacent southern Namibia – this not
only provided welcome research funding
but also gave multidisciplinary field-based
training to a generation of postgraduate
students, particularly in structural geology,
mineralogy, geochemistry and economic
geology. This work was led by HJ Blignault
and later AE Schoch and bears testament to
the vision of Ben Botha. The large and longrunning mapping project was balanced
by extensive research into Karoo geology,
led by JNJ Visser and LC Loock, particularly
on Dwyka, Ecca and Beaufort stratigraphy
and uranium deposits, and also on Karoo
dolerites. Seminal work on the Dwyka and
Transvaal basin glaciation by Johan Visser
(department head, 1990-1997) gained him
an international profile.
Willem van der Westhuizen, the current
department head, together with Derik de
Bruiyn, established the UFS department as
a noted centre for Precambrian volcanological research, particularly on the Ventersdorp Supergroup and its geochemistry.
Van der Westhuizen was also instrumental
in establishing a partly taught, internetbased MSc degree in mineral resource management, which has run successfully since
2001. The UFS department in recent years,
and currently, has undertaken a large range
of projects: Cape granites, Quaternary
drainages and hot springs, groundwater
research, stratigraphy and palaeontology
of the Kango Group, kimberlites, economic
geology (including the platinum group elements in the Bushveld Complex, the Do-
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minion Group, Black Reef gold, Nkomati
nickel, Witwatersrand basin), neotectonism,
metamorphic studies in subduction zones,
meteorite research, and alpine tectonics.
Throughout recent decades, the UFS geology department has managed to maintain
a unique flavour of research and to produce
significant numbers of quality earth scientists, despite the competition of larger and
supposedly more prestigious departments.
This bears testimony to the leadership this
department has enjoyed.
University of Johannesburg (UJ)
The department of geology at UJ (formerly
Rand Afrikaans University) was founded in
1967 under Willem van Biljon. He built up
a strong unit which soon established itself
both locally and internationally. Soon after
its inception, three staff members, who became the core of this department and who
established significant reputations, joined.
First amongst these was Nic Beukes, who
began his sedimentological studies in the
upper Karoo, but with his PhD work moved
into chemical sedimentology, Precambrian
basin analysis and the broader field of Precambrian crustal and atmospheric evolution. Beukes is an international leader in
these fields, being regarded as a doyen
amongst those studying banded iron formation (BIF) genesis, iron and manganese
deposits, as well as Precambrian palaeoclimatic and palaeoenvironmental settings.
Together with Maarten de Wit of UCT, he
is one of the few South African geologists
to have become a global leader in multiple
earth science fields. The other core members were Dirk van Reenen, just retired, and
Chris Roering. The former has long been
recognised internationally as a metamor-
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phic petrologist and expert on the origin
and evolution of the Limpopo belt, and
the latter is regarded as the founder of the
modern and rigorous practice of structural
geology in South Africa. Chris Roering led
the department from 1984 -1994 and built
on the foundation laid by Willem van Biljon
to place the UJ department amongst the
best in the country, particularly in terms of
highly acknowledged individuals and certain research focus areas.
Over the past 20 years, with changes in
staff, the research focus areas branched out
into broader economic geology, particularly coal deposits (led by Bruce Cairncross,
current head), and more recently geometallurgy. Research conducted at UJ has set an
international benchmark for the global understanding of the genesis and evolutionary importance of banded iron formations
per se, and of the large iron ore deposits of
the Northern Cape, and for the formation
of terrestrial manganese deposits, notably
the Kalahari Manganese Field (through the
Palaeoproterozoic Mineralisation research
group led by Beukes). Globally acknowledged research into the origin of Earth’s
early atmosphere and the evolution of
oxygen therein was undertaken by investigating the Archaean Witwatersrand and
Pongola Supergroups and the Transvaal
Supergroup rocks. More recently, investigations are underway in the Bushveld Complex, trying to unravel the setting, origin
and mode of formation of the enigmatic
platinum deposits. A specialisation which
is currently unique to UJ, is its status as the
only facility in Africa with a palaeomagnetic
laboratory.

6

University of the Western Cape (UWC)
Geological sciences at UWC were established in 1981. The department has taken
a different approach to most other larger
departments in South Africa, by focusing
strongly on applied subjects; they offer two
programmes, from BSc up to PhD levels, in
applied geology and in environmental and
water sciences. This strategy serves to distinguish them from the two highly regarded
departments in close proximity (UCT and
US) which have strong foci in fundamental
petrological disciplines. There is cooperation between all three departments in the
presentation of postgraduate training within the petroleum geosciences.
6.3 Oceanography

T

he department of oceanography at
UCT has been in existence for nearly
50 years and is the only department
undertaking teaching and research in both
physical oceanography and atmosphere
science in sub-Saharan Africa. Other centres from which oceanographic work has
been driven are UKZN (currently a single
staff member) where there is direct cooperation with the Marine Geoscience Unit
of the Council for Geoscience, and NMMU
(where Eckart Schumann, now an emeritus
appointment, has been the single oceanographic scientist over a long period).
The UCT department has grown steadily
in size and stature, and has six permanent
staff at present, including four professors:
Chris Reason, George Philander, Johann
Lutjeharms and Frank Shillington. Previous eminent oceanographers at UCT in177
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clude emeritus professor Geoffrey Brundrit,
emeritus honorary professor Vere Shannon,
previously director of the Department of
Environmental Affairs and Tourism (DEAT)’s
Sea Fisheries Research Institute (now Marine and Coastal Management - MCM), and
emeritus professor, John Field, director of
the UCT Marine Research Institute (MA-RE).
The main fields of oceanographic research
have been in the Benguela upwelling ecosystem off the west coast of southern Africa, the Agulhas current off the east coast
of Africa, and the Southern Ocean south
of Africa to Antarctica. Research tools have
included the use of research ships, tide
gauges, satellite marine remote sensing,
and most recently, ocean numerical modeling. Phenomena investigated have been
the discovery of coastal trapped waves
around the southern African coast, and the
impact of sea level rise (Brundrit); giant filaments exporting pelagic eggs and larvae
away from the Benguela upwelling system
(Shillington); meanders in the Agulhas current called Natal pulses (Lutjeharms); and
numerical modeling of coupled ocean and
atmosphere (Reason).
Oceanographic research in South Africa
passed through a rather depressed phase
in the 1990s when the CSIR National Research Institute for Oceanology (NRIO)
was systematically disbanded in favour of
commercially driven (mainly) terrestrial
and coastal environmental research; the
smaller oceanographic research ships such
as the CSIR’s RV Meiring Naudé and UCT’s RV
Thomas Davie were decommissioned and
sold, and South Africa’s sea-going research
capacity was severely depleted. Oceanographers continued to use the polar supply
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vessel, MV Agulhas, in the Southern Ocean,
and MCM’s RV Africana and Algoa for coastal ocean studies on the continental shelf.
Recently, however, as the threat of global
change, and particularly climate change
has come to the fore, the ocean and atmospheric science community has rallied to
form the new Africa Centre for Climate and
Earth Systems Science (ACCESS) directed by
George Philander (UCT and the University
of Princeton). This initiative is opportune
for South Africa to take the lead in setting
up the new venture of ’operational oceanography‘, as the ocean is flooded with 3 000
autonomous vertically profiling Argo ocean
floats, and oceanography is placed on a
similar footing to meteorology and atmospheric science. The time is now right for a
new cohort of young oceanographers and
earth system scientists to rise to the challenge of unravelling the problem of how
the oceans will take up excess atmospheric
carbon dioxide, and become more acidic;
how the great ocean conveyor may change
the flow of salt and heat past the southern
tip of Africa, and how the upwelling system
and its productive fisheries ecosystems off
the west coast will react in a warmer world.
6.4 Hydrology

T

his field is a very extensive one, overlapping with disciplines such as the
broad biological sciences, geosciences, environmental sciences, chemical sciences, mathematics, medical sciences and
also with social upliftment and educational
fields. As a result, expertise and centres
of training are widely scattered amongst
many universities and institutes/depart-
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ments. The Water Research Commission
(WRC) plays a very positive role in this field
of earth science within the country, acting
as a hub of expertise and fostering research
through its funding and publications.
There are three major players in hydrology
in the country (reference to hydrology practised within geology departments is excluded as it has already been discussed): the Institute for Groundwater Studies at UFS; the
Institute for Water Research at RU; and the
department of hydrology (and the Hydrological Research Unit (HRU)) at UZ. Several
other universities cover aspects of hydrology: the School of Environmental Sciences
and Development at NWU; a research group
in hydraulic engineering within the department of civil engineering at UCT; aspects
are covered within the departments of geosciences and of zoology (water quality and
assessment) at NMMU; the Centre for Water
in the Environment (staffed by an ecologist
and a hydraulics specialist), focused largely
on hydraulics, and forming part of the Faculty of Engineering and the Built Environment at Wits; the UP Water Institute, with
the emphasis on water management, biochemical and microbiological aspects – this
centre is allied to the CSIR locally and the
Georgia Institute of Technology, USA, internationally. A BSc Engineering (Agriculture)
degree course in hydrology is offered by a
staff complement of three (including two
associate professors) in the school of bioresources engineering and environmental
hydrology at UKZN. For several decades,
Roland Schulze at the Pietermaritzburg
campus led hydrological research for this
university and even for the country. Much
of his work revolved around water resource
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management, climate change, hydrological
modelling and relationships to the broad
agricultural industry.
The leading centre for geohydrological
studies for over 30 years has been the Institute for Groundwater Studies (IGS) at UFS,
founded in 1974. Thus far, it has produced
over 500 postgraduate students. For many
years, the leading scientist in this institute
was FDI Hodgson, who also played a role in
the founding of the Ground Water Division
of the Geological Society of South Africa in
the late 1970s. This division has played a
very positive continuing educational role
in local scientific circles, with regular short
courses and conferences, aimed largely at
the practising professionals in geohydrology. The UFS Institute provides training at
Honours, MSc and PhD degree levels and
currently has a permanent staff of four,
with contract/temporary staff numbering
nine (of this total of 13, two are professors
and three others have PhD qualifications).
The research at the IGS has traditionally
been focused on the South African mining and industrial sectors, with a significant
emphasis on the nature and behaviour of
the country’s aquifers (including computer
models for aquifer management).
In contrast to the geohydrological focus at
UFS, the Institute for Water Research (IWR)
(encompassing also the Unilever Centre for
Environmental Water Quality) at RU has addressed itself more to the ecological, geochemical, and broader biological aspects of
hydrology. The IWR offers MSc and PhD degrees in either hydrology or water resources
management. It has a staff of seven (including one professor, Denis Hughes, and two
179
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staff with PhD qualifications). The IWR has
expertise in hydrology generally, incorporating also integrated water resource management, freshwater ecology, water quality
and toxicology, biomonitoring, management of water services, and community
education. The Unilever Centre focuses on
ecotoxicology, biomonitoring and water
chemistry.
The department of hydrology at UZ, has a
staff of four (including one professor, also
director of the HRU), and offers BSc degrees
in hydrology, in hydrosciences (double major: hydrology with various basic and applied science combinations) and in water
resource management, with higher degrees
up to PhD level offered in hydrology.
Research in hydrological sciences in recent
years has focused mainly on interactions
of groundwater and surface water, rainfallrunoff modelling, establishing and improving regional water resource data bases, assessing relationships between land-use and
hydrology, the ecological reserve, and on
investigating climate change and its likely
consequences. In addition, research has also
been dedicated to supporting the National
Water Act, Act 36 of 1998, and towards enhanced access to clean water of previously
disadvantaged communities (as part of a
poverty alleviation strategy), as well as in
improving various levels of the water management system. The ecological reserve
refers to the water quantity/quality needs
of natural aquatic ecosystems, with the emphasis being on quantifying these parameters, towards sustaining and protecting
existing aquatic environments. Integrated
water resource management has striven to
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better coordinate the groundwater and surface water fields (and their practitioners).
Modelling (particularly user-friendly packages) methodology and practical application thereof to rainfall-runoff systems, with
use also of a GIS platform, remains an important research focus. Modelling has also
moved towards improved flood estimation
techniques, particularly to improve understanding of extreme rainfall events which
are likely to increase as climate change
looms ever larger in all scientifically-based
activities, including obviously hydrology
also. The use of satellite technology has also
become a new research direction in South
African hydrology. Apart from the major
threat of climate change to all agricultural
and hydrological activities within the country, a dearth of young professionals entering the field represents an additional challenge for the future.
6.5 Atmospheric Sciences

T

he weather and climate of South
Africa pose challenges to meteorologists not only because the subcontinent is surrounded by vast oceans, but
because it is located in the dry subtropics
of the Southern Hemisphere, and as such
experiences the influence of both midlatitude and tropical weather systems.
In earlier years, training and research in
South Africa were divided into the fields of
meteorology and climatology. Meteorology,
or the study of diurnal variations in weather
systems and their characteristics, was accommodated by the South African Weather
Bureau (SAWB), where Jan Taljaard and Har-
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ry van Loon did groundbreaking work by
describing the formation and propagation
of South Africa’s most influential weather
systems. The only university degree in meteorology was then presented by staff of the
SAWB, through the department of applied
mathematics at UP. Meteorology graduates,
who averaged about five per year, mostly
became SAWB employees. At the same
time climatological research (study of longer term averages and variability of weather
events) had advanced significantly at Wits,
with several papers and books on climate,
climate variability and even palaeoclimates
published by Peter Tyson of the Climatology Research Group (CRG). Many Wits graduates from that era are still leading scientists
in the international community (e.g. Mike
Harrison (UK), Janette Lindesay (Australia)
and Simon Mason (USA)). Climate research
also formed an important part of the UCT
oceanography group’s sea-air investigations (Johan Lutjeharms, Mark Jury and
later, Chris Reason).
During the early 1990s, UP decided not
only to facilitate, but to host training in meteorology, and one professor (Johan van
Heerden from the SAWB) and two lecturers (Hannes Rautenbach and Thinus Truter)
were appointed in the cordata Chair of
Meteorology in the department of civil engineering – because of that department’s
strong hydrology section managed by Will
Alexander. Student intake was still in the
order of five students per year, but the CORDATA chair managed to draw significant
research funding to UP, mainly from the
WRC. Research ranged from climate variability (seasonal forecasting) to numerical
atmospheric modelling and radar-rainfall
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estimations in cooperation with the SAWB
cloud physics group at Bethlehem. During
those years Wits had also become involved
in cloud modification (also known as cloudseeding) experiments at Bethlehem.
Significant changes took place in the atmospheric sciences in South Africa in the
1990s and early 2000s as global attention
began to focus on the recognition of anthropogenic influences on atmospheric
processes through air pollution; these discoveries included the Antarctic ozone hole,
and later the realisation of possible climate
change as a result of increasing levels of
greenhouse gasses in the atmosphere. A
landmark event in South Africa was the
Southern African Fire-Atmosphere Research
Initiative (SAFARI-92) in 1992. This initiative was a large international experiment
focused on biomass burning and its influence on atmospheric composition. It led to
an improved understanding of the effects
of anticyclonic recirculation on the build-up
of pollutants, particularly ozone, over the
subcontinent and the role of westerly offshore flow in increasing tropospheric ozone
concentrations in downwind locations in
the Indian Ocean. This experiment created
awareness amongst atmospheric scientists
of the risks that air pollution posed, and
encouraged strong collaboration amongst
local and international scientists, leading to
the development and growth of previously
smaller research groups in South Africa. At
UKZN there was a focus on tropospheric
ozone (Roseanne Diab) and at Wits there
was also a shift of focus from climate variability towards air quality (Harold Annegarn
and Stuart Piketh). Many South African scientists participated in the follow-up SA181
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FARI 2000 experiment, and subsequently
became actively involved, even as leading
authors, in the Inter-Governmental Panel
for Climate Change (IPCC)’s assessment reports (Bruce Hewitson (UCT), Coleen Vogel
(Wits), Bob Scholes (CSIR) and Clive Turner
(ESKOM)). These events have led to the establishment of the Climate System Analysis
Group at UCT under the leadership of Bruce
Hewitson, which has a strong focus on climate change modelling.
Another significant event that has changed
the scope of atmospheric sciences in South
Africa was the commercialisation of the
SAWB during the early 2000s, which has led
to the birth of the South African Weather
Service (SAWS) with the Department of
Environmental Affairs and Tourism (DEAT)
being its largest client. Although training in
meteorology was still seen as a UP responsibility, the SAWS started to incorporate
training in climatology from UCT and Wits
when hiring newly-qualified staff.
It is noteworthy how integrated meteorological and climatological research has become over recent years with collaborative
research taking place on climate variability
and change, air quality, numerical weather
prediction (NWP), seasonal forecasting and
even numerical model development (Reason et al., 2006). An important and exciting recent development is the creation of
the Department of Science and Technology (DST) Centre of Excellence in Earth
System Sciences (led by George Philander from Princeton University) known as
ACCESS (section 6.3). This is a national facility hosted by the CSIR, which aims to offer a multi-institutional/multidisciplinary
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Masters degree in Earth System Sciences
with components of weather/climatology
and oceanography.
6.6 Concluding Thoughts

W

ith respect to the geological sciences in South Africa, the potential synergies and concentration of expertise within the Western Cape
region between the SU and UCT geology
departments are obvious for the overall
field of hard rock petrology (Table 6.2), with
the Cape Town mafic igneous-geochemistry emphasis being complemented by the
Stellenbosch experimental petrology-granitic-metamorphic emphasis; both departments also share competence and interest
in the earth-systems and broad environmental sciences. From a broad perspective,
it can be suggested that where there are
geographic groupings of geology departments (e.g. Gauteng, Cape Town region,
eastern Cape), it makes sense for there to
be a subdivision between those concentrating on strong fundamental disciplines
and those with a much more applied focus.
In an ideal situation, the former could take
control of all lower degree training through
use of common BSc degree structures, with
higher degrees being offered in both basic
and applied fields by all departments in
the cluster, and students having potential
articulation to any Honours programme
in the group. This would also increase the
speciality menu offered to potential Honours students. Smaller departments could
then use their limited staff much more efficiently and would have a unique function
within the cluster rather than struggling to
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compete on an uneven playing field. This
could enable departments, where such
geographic clusters exist, to really build
strong foci within sensible groupings of
geological science disciplines.
The major bottleneck in training geological
science students within the country lies at
the BSc-Honours transition, with many departments only accepting a third to a quarter of their own graduates into Honours
degrees, the level required for professional
registration within the minerals industry.
With regional clusters of departments and
certain departments specialising only in
honours and higher level degrees, this
problem can be partly overcome. There is
no point for the state to push for increased
entrants into BSc degrees with the Honours
bottleneck in place, as no greater number
of professionally qualified geologists will
result at the end of the four-year pipeline.
One has to question the wisdom of several
universities (e.g. NWU, TUT and UL) in having geological science departments at all,
especially bearing in mind the large proportion of vacant posts (Table 6.1). Within
the bigger picture outlined in this paper,
it would appear to be a moribund exercise
restarting small departments at institutions
like NWU and UL. Equally, the wisdom of
launching the NMMU geology department
in 1970 against the backdrop of the very
successful Rhodes department (founded
in 1905) is questionable. NMMU can serve
as an example of a more recently launched
small geology department, which is currently under threat. In the past 30 years
of its resource- and personnel-starved
life, its over-burdened and excellent staff
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has produced approximately 150 Honours
graduates, this being the level required for
professional registration within the minerals industry. The large effort in doing so
equates to four to five years of production
from a single large department, staffed by
less stressed, and thus more effective, more
numerous staff. The economies of scale are
obvious to anyone examining the basic
statistics and history of geological science
departments in the country. The problem
lies in the deeply rooted and strongly held
conviction of academic freedom endemic
to universities, allied to the drive by institutions to have a flagship comprising as many
disciplines as possible.
A totally different picture applies to the single departments of meteorology (UP) and
oceanography (UCT) in the country; without at least two centres for each there is an
inherent danger of inbreeding, at university
and national level, and it will be essential
to maintain adequate staffing, student
numbers and research funding for these
critically important departments, especially bearing in mind the looming threats
of global warming. For the field of hydrology, a much healthier situation is apparent,
although the still relatively limited university departments and indeed, the WRC, also
serve as the locus of expertise for an entire
continent, endemically plagued by water
shortages and severe droughts, a situation
likely to be exacerbated as global warming
increasingly becomes a reality.

183

TWAS book_Chap1-6.indd 183

2009/10/05 01:08:16 PM

6

the state of science in south a f r i c a

EARTH
Acknowledgements
All heads of relevant geological science departments in the country were approached
for input to this paper, as well as all individuals in the field currently holding at least
a B1 NRF-rating. The following heads of
departments are gratefully acknowledged

SCIENCES
for their critical inputs: Bruce Cairncross
(UJ geology), John Clemens (SU geology), Denis Hughes (RU Institute for Water
Research), Bruce Rubidge (BPI palaeontology, Wits), Russell Shone (NMMU geosciences), Willem van der Westhuizen (UFS
geology) and Baojin Zhao (UFH geology).
The comments of two anonymous referees
are highly appreciated.

References
Anhaeusser, CR (ed.) (1997): A Century of Geological Endeavour in Southern Africa;
1895-1995. Geological Society of South Africa, Johannesburg, 587p.
Hughes, DA (2004): Three decades of hydrological modelling research in South
Africa. South African Journal of Science, 100, 638-642.
Hughes, DA (2007): South African research in the hydrological sciences: 2003-2006.
South African Journal of Science, 103, 415-418.
Reason, CJC, Engelbrecht, F, Landman, WA, Lutjeharms, JRE, Piketh, S, Rautenbach, CJ de
W and Hewitson, BC (2006): A review of South African research in atmospheric science and
physical oceanography during 2000-2005. South African Journal of Science, 102, 35-45.

184

TWAS book_Chap1-6.indd 184

2009/10/05 01:08:16 PM

