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Why Invest 
in Space

In a country faced with numerous challenges in housing, crime, poverty and the provision of basic 
necessities, you may ask why invest in space? 

The answer is clear. 
Space investment is essential for economic sustainability and development!

Without space applications we would not be able to mitigate disasters or effectively manage our resources such as water, food, 
land and housing. Mobile phones, internet, GPS, ATMs, meteorological forecasting and safe land and sea travel all rely on satellites 
positioned in space. Government, industry and academia also rely on space data to deliver on their priorities through the creation 
of applied knowledge, products and services. 

SANSA provides value-added products and services that are utilised in both space and non-space applications. Space information 
enables everyday decision making at all levels of society. SANSA has contributed towards goals within the National Development 
Plan (NDP) and the goals of the Department of Science and Technology (DST) by delivering products and services to its stakeholders 
and the public. 

South Africa’s next earth observation satellite is an example of one of these deliverables and is also one of the incredible opportunities 
to showcase the importance of investment in space science, engineering and technology and for South Africa to take its place in 
the global space arena.

•  Earth Observation - SANSA collects, assimilates 
and disseminates Earth observation data to 
support South Africa’s policy making, economic 
growth and sustainable development initiatives. 
Earth observation data is used for human 
settlement growth mapping, infrastructure 
monitoring, as well as disaster and water resource 
management. Earth observation satellite data 
contributes to monitoring environmental 
variables in the water cycle such as water quantity, 
quality, soil erosion and vegetative health which 
ensures water safety and security for the country.

•  Space Operations - SANSA provides global 
competitive space operations and applications, 
tracking, telemetry and command services while 
managing ground stations for international 
clients. Space Operations provides world class 
launch support for space missions (from Earth 
into our solar system) and ensures satellites are 
continuously monitored when they are travelling 
over African skies.

•  Space Science - SANSA conducts cutting 
edge space science research, development 
and magnetic technology innovation. Space 
science research is vital for gaining a deeper 
understanding of our space environment in 
order to protect essential infrastructure such as 
power grids and communication and navigation 
systems on Earth and in space. SANSA operates 
the Space Weather Regional Warning Centre for 
Africa, providing forecasts and warnings on space 
weather conditions. Extreme space weather may 
impact technological systems such as satellites, 
power grids, avionics and radio communication.

•  Space Engineering – SANSA aims to provide 
access to state-of-the-art satellite assembly, 
integration and testing services, as well as satellite 
systems coordination and development, to 
ensure an environment conducive to industrial 
participation in satellite programmes.

•  Human Capital Development - SANSA aims to 
advance human capital development to grow 
the knowledge economy and create awareness 
about opportunities in engineering, science 
and technology. This is achieved through scarce 
skills development, summer and winter schools, 
the supervision of MSc and PhD students, and 
teaching at partner universities. 

•  Science Advancement and Public Engagement 
- SANSA promotes science advancement and 
public engagement through participation in 
national science awareness events and through 
using the fascination of space to drive a greater 
uptake of studies in science, maths, engineering 
and technology.

OUR IMPACT is derived from our national capacity, 

experience and expertise in space science and 

technology through six thematic focus areas:

SANSA provides state-of-the-art ground 
station facilities and services including 
satellite tracking, launch support, 
mission control and space navigation.

Satellite imagery helps manage food 
and water security as well as natural 
disasters on Earth like floods, droughts 
and fires.

SANSA monitors the Earth’s magnetic 
field and space weather storms to 
assist in protecting technology on 
Earth and in space. 

South African National Space Agency
Enterprise Building, Mark Shuttleworth Street, Innovtion Hub, Pretoria, 0087
T: 012 844 0500
F: 012 844 0396
information@sansa.org.za
www.sansa.org.za

@SANSA7

South African National Space Agency
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NOTE

THE FOURTH INDUSTRIAL 
REVOLUTION – 
INNOVATION 4.0
According to Investopedia, industry 
is a classification that refers to groups 
of companies that are related based 
on their primary business activities. 
Wikipedia puts it slightly differently –
industry ‘is the production of goods or 
related services within an economy’. 

The transition to new manufacturing 
processes in the 18th century to the 
19th century was referred to as the 
industrial revolution. This encompassed 
the transition from hand production to 
machines, the increase of machine tools 
and the rise of the factory system. This 
era was dominated by Britain, many 
technological innovations were British, 
and this is why Britain dominated the 
global trading empire in the mid-18th 
century. The industrial revolution 
changed the history of humanity in ways 
never imagined before. It raised the 
standard of living for the general public 
and introduced per-capita economic 
growth in capitalist economies. 

The fourth industrial revolution is 
described as the fourth set of major 
industrial events that encompasses 
the fusion of the physical, digital 
and biological worlds, which has an 
impact on all disciplines, economies, 
and industries. This revolution also 
includes artificial intelligence, robotics, 
quantum computing, 3D printing and 
nanotechnology. Although this fourth 
industrial revolution is expected to 
be disruptive in terms of the heavy 
implementation of emerging technologies, 
it will, however, drastically improve the 
efficiency of business and organisation 
through better asset management. 

The Science, Technology, Engineering, 
Mathematics and Innovation (STEMI) 
community is excited by the prospects of 
the fourth industrial revolution, but to 
what extent are they working together to 
improve both the process and quality of 
yield? Open access is a tool through which 
data can be shared among researchers, 
practitioners, specialists and others 
to avoid re-inventing the wheel. One 
inventor can share data on their invention 
in one field to assist others in another field 

for application and extension.  
This improves the process, as more 
efficient methods will be discovered as 
data is used and shared across fields. 
This in turn will improve the yield, as the 
product will be developed across sectors 
until ‘perfect’ and developed in such a 
way that it can be used across fields.

The fourth industrial revolution is about 
the computerisation of manufacturing 
and this could be the genesis of several 
challenges that this advancement 
introduces to society. Challenges that 
could range from security of systems that 
may be open to theft and abuse, legal 
issues in terms of rights to ownership of 
innovation and loss of jobs due to the 
automation processes. These are but a few, 
many others can be put forward to make 
the argument for the fourth industrial 
revolution difficult. The opposite side of 
the coin is as strong.  
This makes the fourth industrial 
revolution a necessary topic of discussion 
in all STEMI environments to encourage, 
support and inform so that all levels are 
best prepared for perhaps the greatest 
change ever to be experienced by society.

Tsepo Majake 
 

Education Liaison Officer: 
Scholarly Publishing Unit 
Academy of Science of 

South Africa (ASSAf)

Industry 4.0 is the buzz word in the technology and innovation 
space; but what exactly is it? What is its impact on South Africa 

and how can we ride the Industry 4.0 wave? 

Klaus Schwabb, the founder of the World Economic Forum asserts 
that we are living in the 4th industrial revolution, characterised 
by a range of new technologies that are fusing the physical, 
digital and biological worlds, impacting all disciplines, economies 
and industries. This is usually followed by disruptions and shifts, 
meaning that the only way to thrive is to remain dynamic, agile 
and adaptive.
The triple challenges of 
inequality, unemployment and 
poverty have contributed to 
South Africa’s slow economic 
development. Local scientists, 
technology experts and 
engineers play an important 
role in developing technologies 
to address these challenges. 
Scientists should ask themselves what the social needs of general 
South Africans are. How can Industry 4.0 help address the triple 
challenges? It is clear that there are plenty of opportunities to be 
seized through the convergence of technologies. We should smartly 
combine our pockets of highly-technical skills, global recognition 
and in-house large-scale manufacturing to make an impact. 

The rare skills will translate into employment and youngsters 
interested in maths and technology will benefit a lot. Global impact 
and recognition will attract more investors, and our economy can 
be more stable. In-house large-scale manufacturing will translate 
to less export of South African commodities, and more and more 
people can be employed. 

Even though the idea of light amplification by stimulated emission 
of radiation (LASER) has been around for about six decades, 
it is only now that it is at the forefront of industrialisation. The 
advancement of lasers has been a game changer in the history of 
science and engineering and they have contributed immensely to 
transforming manufacturing, medicine, military, communication, 
microscopy and the sensing industry, just to name a few.   

The concept of Industrial Revolution was birthed in Great Britain, 
in the 17th and 18th century. During these years, the world 
watched on as Britain experienced an economic boom through its 
global trading empire with colonies in continents such as North 
America and Africa. Just like many former colonies, Africa was 
the supplier of resources and labour which fueled the existence of 
the industrial revolution, but never a key player. This exclusionary 

pattern remained the reality 
of the African continent 
throughout all industrial 
revolutions that followed. 
Based on my observation of South African History, this was mainly 
due to the slow economic and technological development rate 
and colonisation. Nevertheless, today, the country is home to the 
world’s first Digital Laser and Aeroswift’s largest and fastest laser-
based 3-D printing machine. Through government’s financial and 
human capital investments, South Africa is in a better position to 
make a global impact in the industrial revolution. 

Soon, the Department of Science and Technology will launch the 
Photonic Prototyping Facility at the CSIR in Pretoria. This initiative 
will address the ‘lack’ of commercialised photonics products, which 
will help fast-track South Africa’s industrialisation agenda. 

One of the key technical drivers of Industry 4.0 will be additive 
manufacturing. South Africa was once a top manufacturer of 
trains through Transnet. The country is now aiming to return to the 
glory days but on a global scale. Several experts estimate that 
Industry 4.0 will be the backbone of virtual data merging with real 
production equipment. Currently, there are smartphones, smart-
cars, smart-lasers, smart-fridges, smart-TV, and so on. Industry 
4.0 will give birth to smart factories that will bring manufacturers, 
suppliers and consumers closer together since everything will have 
a potential to be in real-time.

There are a lot of positives that come with industrialisation and 
one needs to be aware of the concerning factors embedded in it. 
For example, taking into account South Africa’s triple challenge, 
the country must take note of the emerging robotics culture and 
its impact on blue-collar workers. Without turning a blind eye to 
this, the government should equally focus its efforts on investing in 
a number of research and development initiatives if South Africa 
is to take on a non-exclusive approach to participating in the 
Industry 4.0 wave. An inclusive industrial revolution in South Africa 
implemented correctly should translate to the gaining of rare skills, 
employment opportunities, global recognition, global impact and 
in-house large-scale manufacturing. 

By: Dr Lebohang Teboho Bell, CSIR Researcher
Teboho is a scientist at the CSIR but writes in his own personal capacity

SOUTH AFRICA 
catching a ride on 

With its multidisciplinary 
make-up, the Council for 
Scientific and Industrial 
Research (CSIR) is 
optimally positioned to 
be a key player in the 
4th industrial revolution. 
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The team unlocking the 
secrets of Pinnacle Point 

have not only given us some 
revolutionary insights into 

early human evolution, they 
have used novel techniques 
to do so. Quest investigates.

the stack of sediments was mostly cut 
away by ancient rising sea levels and 
water runoff from the cliffs, exposing 
the entire history of the site to study.  

TOTAL STATION 
ARCHAEOLOGY

Archeologists excavate in squares and 
expose stratigraphic sections. These 
are the sequences of sediemnts that are 
found in the order in which they were 
deposited in geological time with oldest 
at the bottom and youngest at the top. 
Using traditional techniques, archeologists 
record stratigraphic sections in two ways. 
First, the sections are photographed, 
with or without flash and using various 
combinations of zoom lenses to capture 
as much of the profile as possible. This is 
usually done fast, because these sections 
can be damaged and collapse. Good 
photographs provide a complete and 
objective record of a section, but they do 
not give scale to the sections. Because of 

this, most archaeologists also draw the 
profiles to scale. This involves placing 
a level line across the top of the profile 
and using a tape measure to record the 
distances to various points of interest. 
But tape measures provide notoriously 
imprecise measurements. To counter this, 
Marean and his team have developed what 
they call ‘total station archaeology’ (TSA). 

The excavation sites at Pinnacle Point 
have focused on cave (PP13B) and rock 
shelter (PP5-6) sites. Marean’s team has 

Traditional archaeological excavation 
conjures up images of earnest people, 
bent into impossible positions, carefully 
brushing away layers of sand or rock 
and, when an artefact is found, using a 
tape measure to record its position in the 
dig. While the earlier part of the image 
remains, Professor Curtis Marean and his 
team have revolutionised the mapping 
of archeological sites using technology 
borrowed from land surveying. 

PINNACLE POINT 
– SITE PP5-6

Pinnacle Point Site PP5-6 (PP5-6) is a 
boring name for one of the most exciting 
archaeological excavations ever. Pinnacle 
Point is a rocky headland of quartzite 
on the south coast of the Western 
Cape, near Mossel Bay, where South 
African and international scientists 
have been researching ancient humans 
and climates and environments since 
1999.  Pinnacle Point, like many rocky 
headlands in South Africa, houses many 
caves and rock shelters but also small 
protected beaches. This geological and 
archaeological record has preserved 
detailed archives of human occupation 
and climatic and environmental changes 
spanning the Middle Pleistocene to 
Holocene eras. The geological record 
for climate and environmental change 
dates back to the formation of the oldest 
caves at about one million years ago.   

An important feature of Site PP5-6 
is that the approximately 15 vertical 
metres of sediments slowly built up 
at the base of a cliff starting about 
90 000 years ago and ending about 
50 000 years ago. This slow pace of 
accumulation means that the site records 
human behaviour at high resolution 
across several major global changes in 
climate. Excavations have shown that Pinnacle Point Site 13B.  The inset shows the view out of the cave from the back.

This shows the screens used to dry the 
materials that are wet sieved. All the 
sediment is passed through a sieve 
and washed to remove the sediment 
and reveal the finds.

7www.assaf.org.za  | Volume 14 | Number 1 | 2018

PINNACLE POINTON THE COVER



These two field participants are doing the ‘recording’. This job handles all the 
note taking on site. In the red hard hat is South African, Tina Gennari, a MAPCRM 
employee and the lead recorder on site and the laboratory manager.

This photograph shows an excavation 
in progress in sediments that date to 
about 60 000 years ago. The lower 
orange and yellow sediments are 
Aeolian (wind blown) sand and show 
very light human occupations. The 
darker sediments above are full of 
ash and artifacts and show more 
intense human occupation. The sharp 
contact of the orange versus dark 
sands illustrates a major change in 
sedimentation and is associated with 
an environmental change.

pioneered the use of digital suveying 
equipment, in this case  Total Stations.  
A Total Station is a surveying instrument 
that bounces a beam of light off a target 
and can measure its distance to millimeter 
accuracy. It also measures its angle on a 
grid, and from distance and angle it can 
calculate the precise three dimensional 
coordinate of the target. During the 
peak of excavation at PP5-6, seven 
Total Stations were used to take every 
measurement on site. Tape measures, due 
to their low precision, are not used. The 
Total Station is run by a ‘gunner’, who 
targets shots called in by the excavators. 

The Total Stations are connected 
to hand-held computers, which run 
professional surveying software modified 
with menus specific to archaeological 
needs. This software allows the operator 
to shoot points in an excavation so that 
grids can be laid out, and coordinates 
of artefacts can be recorded. This 
provides a detailed, computer-generated 
map of an excavation with every point 
recorded tied to a set of observations. 
Every archaeological find, such as a 

computer the notes taken by excavator Leesha Richardson in the white hard hat. 
Leesha was a MAPCRM employee for several years, and now is in the 

archaeology graduate programme at the University of Cape Town.

In this photograph a recorder (in the black cap) enters into a hand-held 

stone tool or fragment of bone, is called 
a ‘plotted find’. Each plotted find is 
assigned a unique number, which is 
preprinted as a barcode label adhering 
to a baggie. Once measured with the 
Total Station, the barcode is scanned 
with a bar code scanner which sends 
it to the handheld computer where the 
software joins the identification number 
to its three dimensional coordinates. 

But the sites preserve other types of 
evidence for human behaviour, such 
as ancient fire places and areas where 
people dumped shellfish that were eaten. 
Archaeologists call these ‘features’ – 
remnants of human behaviour that were 
not meant to be carried around like stone 
tools. All of these features are carefully 
recorded in two ways – by Total Station 
measurement and by photography. The 
stones that make up the hearths are 
meticulously mapped with the Total 
Station, and the extent of sediments such 
as ash are also mapped, all so that it can be 
reconstructed on the computer in the lab. 
Little targets called ‘chits’ are placed on the 
ground and these are shot in to the Total 

Station. A photograph is then taken of 
the feature and its chits. This photograph 
is then brought into a computer software 
program called GIS, and the photograph 
is positioned relative to the grid by 
aligning that chit to its 3D measurement.

But we can do even more. The walls of a 
square are called ‘sections’ in archaeology 
and they preserve a record of the layers 
on the site. Archaeologists have normally 
photographed these, and drawn them, 
but both have their problems. Drawings 
have a subjective element – no two 
archaeologists will ever draw the same 
section the exact same way. While 
photographs can capture a more realistic 
view of the section, they normally are 
not set to the grid and often the colour is 
subject to the lighting conditions. SACP4 
scientists over the years have perfected an 
advanced way to capture an image of the 
section while at the same time aligning it 
to the grid. In the field small numbered 
chits are stuck in the section and shot in 
to the Total Section. Then team members 
come out at night so eliminate light, 
and photograph the sections with flash 
photography and special colour checkers 
to record the true colour. The camera is 
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In this photography master excavator Lwando Magxidolo 
carefully removes sediment to expose archeological finds.

In this photograph MAPCRM employee and excavator 
Mncekeleli Sydney Dlabantu uses a bar code scanner 
to scan to the computer the specimen number of an 
archaeological find that he has just excavated.

always placed at the exact same distance 
for each photo, and a section is recorded 
with many photos. Using a computer, 
these are then carefully stuck together, 
colour corrected, aligned to grid space, 
and brought into the GIS system. This 
allows us to view a nearly perfect image 
of the section as if it was in the lab.

Archaeology has embraced digital 
technology and in fact here at Pinnacle 

Point the scientists have been world 
leaders and innovators at developing the 
archaeological technologies of the future.

Curtis Marean is Foundation Professor 
and Associate Director, Institute 
of Human Origins at Arizona State 
University, Tempe, Arizona, USA and 
Honorary Professor, African Centre 
for Coastal Palaeoscience, Nelson 
Mandela University, Port Elizabeth. His 

research interests focus on the origins 
of modern humans, the prehistory of 
Africa, the study of animal bones from 
archaeological sites and climates and 
environments of the past. In the area 
of the origins of modern humans, he is 
particularly interested in questions about 
foraging strategies and the evolution 
of modern human behaviour. He has a 
special interest in human occupation 
of grassland and coastal ecosystems.

of Pinnacle Point Site 5-6. The 
inset is a photograph of 

the rock shelter during 
excavations and shows 

the green sail cloth 

that is used to protect 

the excavations and 

excavators while 

excavating.

A map of the location 
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How did early modern humans survive the last 
ice age? Richard Cowling explains

Agulhas Plain
An ice-age refuge for Homo sapiens

The Palaeo-

Think about the Cape’s south coast 
today: the land falls steeply from 
the rugged peaks of the Cape Fold 
Mountains to a highly dissected foreland 
that plunges into the sea as a cliff coast 
or as a narrow mantle of dunes. The 
climate is pleasant throughout the 
year and rain can fall in any month, 
although the windy summer is the 
most stressful for plants. The regions is 
rich in plant species, vegetation types 
and biomes but the generally poor 
soils and low-quality forage result in 
a rather impoverished assemblage of 
game species, most of which — grysbok 
and duiker, for example, are small and 

sedentary. The intertidal area along the 
coast, however, is both highly productive 
and diverse, having features of both the 
Benguela and Agulhas ecosystems.

BOUND BY ICE

Now let’s imagine what the Cape south 
coast looked like during long glacial 
periods that existed between the short 
bouts of warmer climate (interglacial) 
that we are experiencing now. Then  
temperatures across the globe were 
considerably colder than now and 
sea levels much lower, owing to large 
amounts of seawater becoming ice-
bound. It is important to remember 
that these conditions prevailed for 
90% of the past million years, and, 
as such, should be considered the 
norm when considering the selective 
forces that shaped the flora and fauna 
of the region, including humans.

At the height of glacial cooling, lowered 
sea levels along the Cape south coast 
would have resulted in a coastline up to 
95 km south of Mossel Bay and up to 
250 km south of Cape Agulhas. Thus, 
the retreat of the sea exposed a large, 
featureless coastal plain that we call the 
Palaeo-Agulhas Plain (see Box: Visualising 
the Palaeo-Agulhas plain). This now 
submerged landscape provided early 
modern humans with a rich but extinct 
ecosystem. It was well watered, comprised 
mainly fertile soils and nutritious, grassy 
vegetation, and supported large herds of 
grazing animals (plains game), including 
several giant species (megaherbivores), 

now extinct. This world  – the one in 
which modern humans found refuge 
– was vastly different from that of the 
present-day coastal belt, a hilly landscape 
with shrub-dominated vegetation, wiry 
and unpalatable grasses, and low numbers 
of small and secretive ungulates.

GLACIAL WEATHER

What was the weather like on the Paleo-
Agulhas Plain? Our predictions are based 
on the outputs of a complex climate 
model produced by Francois Engelbrecht 
and his colleagues at the CSIR, as well as 
from speleothems (cave calcite formations 
such as stalagmites) analysed by Kerstin 
Braun (Arizona State University). In a 
nutshell, the glacial climate was cooler, 
much windier and somewhat drier 
than at present, with mainly year-round 
rainfall but rapid switches from largely 
winter to mainly summer rain. Despite 
this cooling of a few degrees – a far cry 
from the more than 10 degrees drop in 
areas of similar latitude in the Northern 
Hemisphere – the Palaeo-Agulhas Plain 
remained habitable throughout the ice 
ages. With the northwards movement in 
the glacial of the passage of cold fronts, 
our paleoclimate  models predict the 
frequent occurrence of berg winds on 
the south coast during winter. These 
would have not only produced warm 
conditions but also promoted the spread 
of fires. It is highly likely that early 
humans burnt the veld to rejuvenate 
the veld for game and promote the 
appearance  of food plants such as bulbs.

Albany thicket comprises a virtually 
impenetrable tangle of spiny shrubs 
and climbers of tropical ancestry. 
It grows on steep valley slopes that 
are protected from recurrent fire. 
Although this habitat is productive for 
browsing mammals such as bushbuck, 
it provides little in the way of edible 
plants other than fruit and a few 
bulbs. Moreover access by humans 
is thwarted by the dense and spiny 
foliage. Habitat suitable for Albany 
Thicket did not occur on the Palaeo-
Agulhas Plain.
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GLACIAL FLORA 
AND FAUNA

We are currently modelling the 
vegetation of the Paleo-Agulhas Plain 
using a battery of different techniques 
overseen by Janet Franklin (University 
of California at Riverside) and Alastair 
Potts (Nelson Mandela University) and 
relying heavily on Hayley Cawthra’s 
(Council for Geosciences) mapping 
of the geological features of the now 
submerged plain, and our palaeoclimate 
model output. Tineke Kraaij (Nelson 
Mandela University) intends using 
the paleoclimate data to predict fire 
regimes of the area and her colleague, 
Jan Venter, aims to model the spatial 
and temporal dynamics of the grazing 
ecosystems of the Palaeo-Agulhas Plain.

Preliminary inferences suggest a fire- 
and wind-swept plain with productive 
shrubby grasslands associated with fertile 
Cretaceous soils occupying a broad band 
adjacent to the present day coast. Much 
of the remaining plain is composed of 
alkaline substrata, especially calcretes 
and aeolianites (cemented wind-blown 
dunes) and beachrocks (cemented ancient 
beaches). These would have supported 
limestone fynbos and strandveld 
respectively, both existing in narrow 
slivers on the current coast. Patches of 

VISUALISING THE PALAEO-AGULHAS PLAIN
A visualisation of the extinct Palaeo-
Agulhas Plain off Mossel Bay some 
60 000 years ago during a weak 
cold phase (glacial). In the distant 
background is the ridgeline of the 
current coastline some 30 km away, 
and the snow-capped Outeniqua 
Mountains. The vast plain is drained 
by the meandering Gouritz River 
which has formed extensive wetlands 
behind the barrier of coastal dunes. 
The plain is underlain by fertile soils, 
which support a dense and productive 
grassland that is home to large herds 
of grazing mammals. These include 
several extinct forms such as a 
longhorn buffalo, eland, giant Cape 
zebra, giant hartebeest and bluebuck, 
as well as springbok, waterbuck, 
zebra and other typical plains game 
of the African tropical grasslands. 

The midground shows a group of 
modern humans at a campsite on 
a sandy, limestone ridge beneath a 
large white milkwood tree. On the 
left, children are collecting firewood 
from the dune thicket and protea 

veld, while two men return from a 
hunt with bluebuck (centre), and 
two young women are offloading 
their harvest of intertidal shellfish. 
In the foreground, young women are 
decorating their faces with ochre, 
prepared using a grinding stone 
and stored in a perlemoen shell. 
Nearby, a girl is making a necklace 
of shells. The women on the right, 
backed by the huge horn of the 
longhorn buffalo, are preparing the 
corms of geophytes collected in the 
surrounding veld for cooking 

By contemporary Cape standards, 
this was a highly productive landscape 
yielding large amounts of protein, 
fat and carbohydrate for human 
consumption. However, harvesting 
these resources would have required 
advanced cognitive skills. Thus the 
technology used by these people 
was very advanced. An example 
are the small blades fashioned from 
cores of heat-treated silcrete rock 
that were used as spear tips. 
Painting by Maggie Newman.

thicket would be found in fire-protected 
sites, such as the margins of mobile dunes 
and on the fringes of extensive wetlands. 

On discharging onto the plain, large 
rivers such as the Gouritz and Breede 
became sluggish, carving broad, shallow 
valleys, replete with oxbow lakes and 
stranded channels, and filled with 

highly fertile alluvium. At times during 
the last glacial, we hypothesise that 
these floodplains supported extensive 
savannas with sweet thorn trees, which 
would have provided habitat for many 
large mammals, including giraffe. 
We know this because Charles Helm 
(ACCP@NMU) and Jan de Vynck 
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(NMU) have found near the mouth 
of the Gouritz River, tracks of these 
animals in compacted dunes (beach 
rock) dating to about 90 000 years ago.

At times during the glacial, especially 
when sea levels were dropping rapidly, 
both extensive active and vegetation-
fixed dunes covered vast areas of the 
Palaeo-Agulhas Plain. Today, these 
features are restricted to a small number 
of comparatively tiny dune fields perched 
as fragments on the steeply ascending 
contemporary coast. Rapid changes in 
sea level during ice ages would have 
translated into a highly dynamic coastline 
and a coastal plain disrupted by extensive 
movement of wind-driven dunes. For its 
entirety, the glacial coastline was largely 
dominated by beaches and aeolianite 
reefs, the latter – as Jan de Vynck has 
shown – a source of abundant shellfish, 
especially alikreukel (Turbo samaticus).

THE ‘SERENGETI OF 
THE SOUTH’

The Palaeo-Agulhas Plain was indeed a 
different world from the contemporary 
Cape coast. Imagine snow-capped, 
fynbos-clad mountains and a coastal 
foreland of steppe-like vegetation with 
wiry, unpalatable grasses and small 
pockets of thicket in frost-free areas. 
Descending onto the Palaeo-Agulhas 
Plain, one would encounter a seemingly 
endless vista of shrubby grassland 
studded with herds of plains game, 
including several giant forms of familiar 
ungulates: hardly something one would 
expect of a cool temperate environment. 
It was the unusual combination of the 

biophysical features of this region – 
fertile soils, mild temperatures, sufficient 
rain, plenty of surface water – that 
produced this ‘Serengeti of the South’. 

The Palaeo-Agulhas Plain had other 
resources that enhanced its potential 
to sustain humans, namely a rich and 
productive intertidal and an abundance 
of food plants, as Susan Botha (Nelson 
Mandela University) has shown, 
particularly those with underground 
storage organs. In many respects, it is an 
idiosyncrasy of geography that a small 
and isolated population of Homo sapiens 
was able to persist at the southernmost 
tip of Africa by honing its skills to 
exploit the remarkable array of resources 
that the Palaeo-Agulhas Plain offered. 
Once fully equipped with skills, humans 
were in a position to conquer the world, 
which they did with surprising speed. 
But let us not forget about the 150 000 
years we spent on the Palaeo-Agulhas 
Plain, learning how to become human.

Richard Cowling is a Distinguished 
Professor in the Botany Department and 
Director of the African Centre for Coastal 
Palaeoscience at Nelson Mandela 
University. Before moving to NMU in 2000, 
he was Professor of Plant Conservation 
and Director of the Leslie Hill Institute for 
Plant Conservation at the University of 
Cape Town. His research interests are 
broad but have become increasingly 
focused on the palaeoecology 
of the Cape south coast. He has 
received numerous awards including 
a Pew Fellowship (1994), the Society for 
Conservation Biology’s Distinguished 
Service Award (2004) and an A rating 
by the National Research Foundation 
(1998, 2003, 2009 and 2015). In 2008 he 
was elected a Foreign Associate of the 
National Academy of Sciences USA.

STRANDVELD ON YOUNG 
COASTAL DUNES

Strandveld of the young coastal dunes 
comprising a mixture of dune thicket and 
fynbos. This habitat yields good returns 
of edible foodstuffs including bulbs 
and wild vegetables. While occupying 
a very narrow coastal band today, this 
vegetation was well represented on the 
Palaeo-Agulhas Plain which supported 
large areas of young coastal dunes. 
Strandveld would have provided people 
with opportunities to hunt small antelope 
like grysbok, and also wood for fires.

STRANDVELD ON OLD 
RED DUNE SANDS

Strandveld on old, red dune sands, 
like its counterpart on young, 
white sands, comprises clumps 
of dune thicket in a matrix of 
fynbos. However, it is much richer 
in species and yields the highest 
abundance of edible plants of all 
veld types on the contemporary 
coastal plain. This veld type never 
occurred on the Palaeo-Agulhas 
Plain since this landscape lacked 
the old sands supporting it.

SAND FYNBOS

Sand fynbos is associated with ancient, 
infertile, wind-blown sands. As with 
limestone fynbos it has a typical fynbos 
appearance but shares almost no species 
with the former veld type. It harbours 
few edible species, but some – like 
watsonia corms – are very abundant 
and visible after veld fires. Sand 
fynbos did not occur on the Palaeo-
Agulhas Plain with its typically young 
soils, frequently reworked the rapidly 
changing shorelines of the Pleistocene.
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RENOSTERVELD

Renosterveld is a grassy shrubland 
that grows on relatively fertile and 
clay-rich soils derived from shale and 
mudstone bedrock. The dominant shrub 
is renosterbos, thus named because this 
veld type was typically home to black 
rhino, as well as bontebok, hartebeest 
and the extinct bluebuck. It has a very 
rich flora of geophytes, many of which 
have edible bulbs, corms or tubers. 
Renosterveld probably occurred on the 
Palaeo-Agulhas Plain, associated with 
Cretaceous mudstones that are exposed in 
a band adjacent to the current coastline.

LIMESTONE FYNBOS

Limestone fynbos, which grows on calcretes and limestones of the Bredasdorp 
Formation, occupies a large area of the south Cape coast, but was probably even 
more extensive on the Palaeo-Agulhas Plain due to the abundance of cemented 
dunes and ancient fossil beaches. It is a typical type of fynbos with proteas, 
ericas and restios, most of which grow only in this veld type. The abundance 
of edible plants in limestone fynbos is highly variable in space and is best after 
fire.  Ancient people would have also found wood for fires in this habitat.
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Pinnacle Point is a rocky headland of 
sheer cliffs that rise 50 metres above the 
Indian Ocean. When I arrive in South 
Africa for a research trip, I head for those 
cliffs as fast as possible. There are two 
long timber staircases that descend to the 
caves and rockshelters, and walking down 
is always breathtaking and unique as the 
tides and weather join forces to create an 
ever-changing view – ‘Four seasons in a 
day in Mossel Bay’ the locals like to say. 

Maybe today there are dolphins, or 
whales, or fog obscuring the sea, or a 
storm throwing foam up against the foot 
of the cliffs. Nevertheless, it’s always ocean 
at the bottom of those cliffs. Now imagine 
yourself as a stone age human 70 000 
years ago with your group camped in the 
rockshelter we call PP5-6. From here, 
you would not be able to see the ocean.

For most of the time that humans lived 
at the Pinnacle Point sites, from about 
160 000 to 50 000 years ago, they picked 
their way down cliffs that overlooked a 
plain. Maybe, in the far distance, they 
might have seen a glint of the sea. If it 
were during a strong global cold (glacial) 
phase when lots of ocean water was locked 
up in ice at the Earth’s poles, the ocean 
would have been as far as 90 km away, 
well beyond human sight. The landscape 
was flatlands and gently rolling plains 
(see accompanying article by Richard 
Cowling), cut by rivers and streams 
flowing almost due south with strips of 
woodland along their banks. If an ancient 
human squinted their eyes they might 
see dark dots moving – west during the 
winter to catch the green grass in the 
winter rainfall area on the west coast, 

and east during the summer to catch the 
eastern summer rains. These were animals 
unusual to the Cape Floral Region today 
– hartebeest, zebra, wildebeest, all grazing 
the rich grasses on the plain. Browsing the 
trees along the edges of a stream, ancient 
humans would see giraffe – an animal 
that could provide meat for their entire 
group, a band of 24 people, for two weeks.

We find an interesting archaeological 
pattern at Pinnacle Point. For most of 
the time that humans lived at the sites, 
and particularly when they stayed for 
long periods, their food waste included 
both shellfish and the fossils of grazing 
antelopes. We know from ethnographic 
studies that hunter-gatherers rarely 
travel more than 10 km from their camp 
in a day (this is once out and back in 
one day), so the presence of shells with 

Curtis Marean offers us a tantalising 
glimpse into our past

showing PP13B (above) and PP13C. (below). Curtis Marean

The rocky headland and cliffs of Pinnacle Point, 

Palaeo-Agulhas Plain
People on the 
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antelope bones suggests that the coast 
was within 10 km or so but there was still 
sufficient plains available to support the 
herds. This was what I call a ‘Shangri-
La’ moment (after the fictional paradise 
described by author James Hilton). At this 
Shangri-La time, the Pinnacle Point sites 
were perfectly positioned in a sublime 
coalescence of rich resources, where a 
band of humans could hunt large plains 
prey, collect shellfish, and forage the 
plant-rich Cape Flora all from one home 
base! Pinnacle Point and other similar 
sites (like Klasies and Blombos) on the 
South Coast of South Africa are famous 
worldwide because they have some of the 
earliest evidence for complex technology, 
artistic decoration, and symbolic 
communication (material culture). I think 
that these remarkable changes in material 
culture resulted from the uniquely rich 
confluence of high quality food, some of 
which – like the shellfish beds – could 
be defended and controlled, possibly 
giving rise to the idea of territoriality. 

How do we know the scene I just 
painted existed? Scientific research, of 
course, carried out by a diverse group 
of scientists from South Africa and 
many other countries, supported by our 
local Mossel Bay team of professional 
archaeologists (see Building a local team), 
working together to unlock the secrets 
of the past. In addition to archaeologists 
that study the human past, our team 
includes experts in geology, ecology, and 
climate change. Everyone’s input is needed 
to understand the big picture of ancient 
life, and sometimes parts of the picture 
only show up through odd sources. For 
example, excavations at Pinnacle Point 
and other South Coast sites regularly 

produce assemblages of fossil bones and 
teeth dominated by large game species 
that eat grass, like wildebeest and zebra. 
But we have not found giraffe fossils in 
the sites, so how do we know the species 
was there? One very observant member 
of our team found giraffe footprints 
preserved in the fossilised sand dunes 
along the coast. The plants of the modern 
Cape do not support such animals in 
abundance, so why were they present in 
the past? Evidence tells us that the ancient 
landscape must have been very different 
from the one we’re familiar with today. 

Most scientific research projects 
begin with a hypothesis – an informed 
proposal – and our hypothesis was that 
during periods of lowered sea level a rich 
grassy plain formed, and large grazing 
animals lived primarily on that plain and 

not on the current land near the coast. 
How to test this idea? It turns out that we 
can determine where an animal lived by 
measuring the strontium isotopes in its 
teeth and bones. Isotopes are atoms of an 
element that have different weights. So 
strontium, which comes from bedrock 
and dissolves in water, varies from heavy 
to light forms across a landscape. When 
animals drink or eat plants, they ‘take 
up’ that strontium signal and preserve 
it in the hard parts of their bodies. So, 
if we can create a map of strontium in 
the water and plants across a landscape, 
and then measure it in fossil animal 
bones and teeth, we can determine 
where they lived! Our research team 
did just that over a period of about six 
years. We found that ALL the grass-
eating animals from Pinnacle Point 
lived on that plain, not in the interior. 

We also hypothesised that these animals 
migrated east to west on a seasonal basis 
chasing the western winter rains and 
eastern summer rains. We have a method 
to test that too. Grasses follow one of 
two photosynthetic pathways called C3 
and C4. It just happens that the west part 
of the Cape Coast is dominated by C3 
grasses that prefer winter rain and the 
east by summer rain loving C4 grasses. 
We can easily tell the difference between 
these grasses by comparing their carbon 
isotopes, and this isotope signal, like 
strontium, gets preserved in animal bones 
and teeth when they eat the grass. In fact, 
if an animal changes the type of grass it 
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The time represented at the Pinnacle Point sites compared to other well-known 
sites in South Africa. Curtis Marean

A view out of the mouth of PP13B showing on the left the current view and on the 
right an imagined view of what the plain would have looked like.
Art created by Dr Erich Fisher, ASU
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eats while its teeth are still growing, we 
can see that change by looking at different 
parts of the tooth. By drilling down the 
tooth in increments we can determine if 
an animal switched from C3 to C4 grass 
over time – telling us the animal migrated 
between the east and west parts of the 
plain. When we recently did this study 
we found something interesting – about 
150 000 years ago, when climate was 
very cold and the plain was very wide, 
some animals did migrate east to west, 
but some did not. That was unexpected, 
and told us that our original hypothesis 
was too simple. Research always seems 
to reveal a world more complex than 
we initially envision, and that is another 
reason being a scientist is so exciting.

Let us imagine ourselves as a stone 

age person. The smell of smoke from the 
hearth of my family means they need 
some meat to throw on the braai, so it is 
time to hunt, and off I go. My ancestors 
once only had spears with a pointed flake 
on the tip, and the point was made out 
of the local quartzite found as cobbles 
on beaches. They hurled these spears 
at their prey and foes and while they 
did this well, there was always room for 
improvement. One day my grandmother 
took her digging stick, which had on 
the top a small handle formed by the 
base of a branch, rested the base of my 
grandfather’s spear against that handle, 
and used the digging stick to fling the 
spear. It went far! Our people have 
perfected that as a new way to hurl spears, 
not with a bare hand but with a lever 

(scientists call this a spear-thrower). 
This new and formidable weapon 

allowed people to fling their projectiles 
further and with more accuracy, and this 
came in handy when trying to kill animals 
on the plains where they could see you 
from far away. Instead of a large clunky 
stone point on the tip, my projectile has 
a bone tip that is ground smooth, looks 
like a bullet, and is attached to a wooden 
shaft. Glued in slots on the side of that 
wood shaft are small red stone flakes that 
look like quarter moons – wicked little 
barbs along the edge of the shaft. The 
barbs are blunt on the side glued into 
the shaft, and sharp edges point out. I 
have five of these ‘bolts’ that I can send 
hurling at my enemies and prey, and 
with it I feed and protect my family. The 
bone point pierces the skin. The barbs 
tear up the flesh and insides. With it I am 
the most fearsome killer on the plains. 

How do scientists know this was a 
weapon of the Pinnacle Point people 
in the past? We have not found the 
spear-thrower (what we call an atlatl 
in the United States), and this is not 
surprising as that was likely made of 
wood. Therefore, there is some conjecture 
about the presence of this technology. 
However, we have found the polished 
bone points and the little barbs dating 
to slightly before 70,000 years age. The 
barbs are what we call “microlithic (small 
stone) technology”, and the earliest yet 
discovered were found at Pinnacle Point.

As I head out on my hunting trip with 
my oldest child, the rest of my family 
returns from a walk toward the sea to 
collect shellfish. But I notice they are 
returning early, they are singing with 
joy, and their leather cloaks are filled 
with ostrich eggs. On the way, they 

Our published strontium map of the area around Mossel Bay and into the Klein 
Karoo. The black dots are samples collected from the field and the white dots 
show tests of the accuracy of the model. Erich Fisher

An antelope tooth incrementally drilled for isotopes. Leesha Richardson

Microlithic barbs from Pinnacle Point.
SACP4
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encountered an ostrich nest, managed to trick these deadly 
birds away, and stole the eggs. They have at least twice as many 
eggs as people in our group! Ostriches breed just once a year 
and pile up the eggs in their nests. We eat the yolk from the 
egg, but also make water-holding flasks from the shells, which 
we decorate with symbols special to the people who speak our 
language. All our collection of ostrich eggs occurs on the plains. 

How do the scientists know all this? We find the ostrich 
egg remains in the sites, and they show signs of being broken, 
cooked, and eaten. Rarely, we find eggshell remains that preserve 
the little hole in the top that was bored for the opening of a 
flask. Even more rarely, we find the engraved symbols. How 
do we know they collected the eggs on the plains? Once again 
– strontium! The eggs of the ostriches preserve the strontium 
signal of the plants that the ostriches ate and the water they 
drank. We measured the strontium from the eggshells at 
PP5-6 and found that the almost all came from the plains.

Today we look down from the cliffs and there is the ocean. 
Can we be blamed for thinking it was always this way? But 
the ocean covers a now submerged land that was once the 
preferred foraging grounds of our ancient ancestors. It was 
like nothing to be seen in the Cape today. It was an entirely 
unique ecosystem, and this is why our research group gave it 
a new name – the Palaeo-Agulhas Plain – what my colleague 
Richard Cowling has called a ‘Serengeti of the South’.

Curtis Marean is Foundation Professor and Associate Director, 
Institute of Human Origins at Arizona State University, Tempe, 
Arizona, USA and Honorary Professor, African Centre for Coastal 
Palaeoscience, Nelson Mandela University, Port Elizabeth. 
His research interests focus on the origins of modern humans, 
the prehistory of Africa, the study of animal bones from 
archaeological sites and climates and environments of the past. 
In the area of the origins of modern humans, he is particularly 
interested in questions about foraging strategies and the 
evolution of modern human behaviour. He has a special interest 
in human occupation of grassland and coastal ecosystems.

An experimental spear thrower (above) and my son 
Spencer using it to throw at a target (below). Curtis Marean

Change the World mandela.ac.za
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CONCEPT OF 
GEOLOGICAL TIME

Geologists have an interesting 
perception of time, with hundreds of 
thousands of years being considered 
short! The antiquity of the planet, 
described as geological time, is divided 
into Eras, Eons, Periods, Epochs and 
Ages. By far, the longest Era is the 
Precambrian which lasted approximately 
4 billion years. We describe rocks that 
can be billions, millions or thousands 
of years old. The geological history of 
South Africa is a long and complex 
one that dates back some 3.6 billion 
years and rock-forming processes 
have forged this ancient landscape 
throughout much of this history. 
The preservation of ancient rocks is 
remarkable and these rocks provide 
windows into many significant events 
that have taken place though Earth’s 
history. Globally important changes are 
recorded here, such as the change in 
composition of the Earth’s atmosphere 
and the assembly and fragmentation 
of at least three supercontinents. The 
rocks of South Africa also document a 
long and continuous record of life. The 
very earliest life forms are preserved as 
fossils in the rocks, documenting the 
evolution of land plants and animals, 
and especially the origin of mammals 
and dinosaurs are well preserved. The 
first known living coelacanth was found 
in South Africa. We have a rich record 
of the origin of hominins and of our 
early Homo sapiens ancestors before they 
spread out of Africa and across the globe. 

CONTEXT TO THE CAPE 
SOUTH COAST

The ~800 km long Cape South Coast, 
extending approximately from Cape 
Agulhas to Cape St Francis, consists 
of a relatively low-relief coastal plain 
which is bordered on each side by the 
Cape Fold Belt and the Indian Ocean. 
The Cape Fold Belt is largely made up 
of geological deposits which are ~550 
– 250 million years old. The coastal 
plain and adjacent continental shelf are 
underlain by younger geological units, 
which were laid down after the break-up 
of the supercontinent Gondwana and 
these are less resistant to erosion than the 
mountains. This difference in hardness 
of the geological units has resulted in the 
morphology of the coastal plain which 
is characterised by rocky headlands, 
which separate sandy bays. Capping the 
older geological substrate and exposed 
on many of the South Coast beaches, are 
rocks which date to the Pleistocene Epoch 
(which lasted from about 2 588 000 to 
11 700 years ago) and these are made up 
of cemented beaches and dunes, which 
provide clues into sea-level movements 
and ancient coastal environments. 

In Mossel Bay in particular, the 
archaeological site of Pinnacle Point lies 
6 km west of the Cape St Blaize headland. 
Two embayments, Mossel Bay and 
Vlees Bay, are separated by a hard-rock 
promontory which terminates in the east 
at Cape St Blaize. On its seaward side, 
there is a series of cliffs which contain 
caves and rock shelters. This headland 
is composed of ancient sandstone of the 

Table Mountain Group (~400 million 
years in age) which is capped by the 
younger Mesozoic Robberg Formation 
sandstones. The coastal cliffs are also 
mantled by calcrete, which formed from 
dissolution of shells. The two embayments 
in the Mossel Bay area were eroded in 
this way because they are underlain by 
softer geological deposits (shale and 
unconsolidated sedimentary rocks). 
The beaches within the embayments 
are mixed sandy-rocky coasts and 
these rocks were laid down in the last 
600 thousand years ago (ka) as ancient 
beaches and dunes. The modern beach 
and sand extends offshore onto the 
continental shelf, where it forms seafloor 
sediments below the water. These 
deposits are shifted by ocean currents, 
waves, swells and seasonal changes. 

We refer to the Cape South Coast 
and the adjacent continental shelf as the 
‘Palaeo-Agulhas Plain’ which is an extinct 
ecosystem, with most of it now under 
water. Sea level rises and falls constantly, 
and during times of minimum sea level 
during the so-called Pleistocene ‘ice ages’ 
or glacial periods, this Palaeo-Agulhas 
Plain was at least doubled in size. Through 
much of this time there was a large, 
rather flat, landmass exposed that is now 
submerged as the Agulhas Bank – which 
is a broad (up to 200 km wide), 
current-swept continental 
shelf. For 90% of the 
Pleistocene, sea level 
has been significantly 
lower than it is at 
present, exposing a 

PP 13 A

PP 13 B

PP 13 C

Hayley Cawthra explains the geology of 
Pinnacle Point and the Cape South Coast
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now submerged terrestrial ecosystem and 
drastically altering the landscape. With 
the onset of repeated Pleistocene glacial-
interglacial climate cycles in the global 
climate system as we know it, the shoreline 
in South Africa has shifted between a 
minimum depth of 130 m below – and a 
maximum height of 11 m above present-
day sea level in cycles of approximately 
every 100 ka since 900 ka. At times, the 
maximum sea-level rise reached rates 
of up to 4.5 m per century, which is 
extremely rapid compared to the ~1 m per 
century at present. This has catastrophic 
implications for loss of landscape for our 
early ancestors. Using modern marine 
geophysical techniques the offshore 
submerged landscape of Mossel Bay has 
now been mapped in high resolution with 
multibeam bathymetry, side-scan sonar 
and seismic profiling, and informs us of 
how the margin has evolved with these 
shifting sea levels. Mounting geophysical 
instruments on a vessel, the seafloor 
around Mossel Bay has been mapped for 
a large and ongoing research project.  

GEOLOGY AT THE 
ARCHAEOLOGICAL 
SITE PINNACLE POINT 

At Pinnacle Point, the coastal caves 
along cliffs have been incised into ~400 
million year old ‘Table Mountain Group’ 
sandstones by previous high sea levels 
and an ongoing erosional process of 
cliff retreat. This created the caves that 
people inhabited during the Middle and 
Later Stone Age. The records of human 
occupation date back to 167 ka at the 
site ‘PP13B’. These caves were incised at 
least one million years ago, and were all 
carved into existing planes of weakness 
along the coastal cliffs (e.g. geological 
faults and joints). These ancient rocks 
have been repeatedly eroded by past 
high sea levels and evidence of these 
processes remains clear, expressed as 
erosional notches and wave-cut platforms. 

Staircase Cave 
(collapsed)

PP 9
Opera House Cave

Crevice Cave

Topography of the Cape and the bathymetry of the adjacent continental shelf. 
This continental shelf is extremely wide on the South Coast and is one of the 
broadest shelves in Africa. Modified from De Wet 2013.

Geology of the Cape South Coast and surrounding area. The Cape Fold Belt is 
blue and green and the youngest sediments are yellow. The different colours 
represent different geological units and in this case, they extend from ~750 million 
years in age to the present. Hayley Cawthra
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THE SUBMERGED 
LANDSCAPE OF THE 
CAPE SOUTH COAST AND 
MAPPING THE SEAFLOOR

The field of marine geology 
involves geophysical, geochemical, 
sedimentological and paleontological 
investigations of the ocean floor and 
coastal margins. Marine geological 
studies were of extreme importance 
in providing the critical evidence for 
seafloor spreading and plate tectonics 
in the years following World War II. 
Limited visibility through seawater – 
rarely more than 30 metres or so – is 
the key to the development of this field. 
Dolphins and whales have overcome the 
problem of communicating beyond visual 
range by using sophisticated acoustic 
techniques, and starting in the 1950s, so 
have humans. Methods for ‘seeing’ with 
sound under water were developed in 
World War II as sonar (sound navigation 
ranging) – sending a beam of sound 
into the water and using its echo to 
find objects – was first used to hunt for 
submarines and mines. Later advances 
identified the best sound frequencies for 
ocean mapping by determining the depth 
of the seafloor, as well as probing beyond, 
into several kilometres of sediments and 
rock structures underlying the seafloor. 

We have mapped the seafloor 
surrounding Mossel Bay using an array of 
instruments. A multibeam echosounder 
used for measurement of water depths 
uses a band of sound waves and sends 
512 beams 50 times per second. Side-
scan sonar is an acoustic method that 
acquires an image determined from 
energy reflected from the seabed across 

the swathe width of the system.  This 
enables different sediment and rock 
types to be determined as textural 
information about seabed sediments can 
be captured. Reflection seismic systems 
were used to determine thicknesses of 
deposits with different densities, such 
as sand, over other materials such as 
bedrock.  Scuba diving aided geological 
mapping and sampling off the Great 
Brak River, and recently, sediment cores 
have been obtained from this shelf 
from a large German research vessel. 

From marine geophysics and 
subsequent geological investigations 
on sediments, we now know that this 
submerged landscape was fertile and 
covered with grasslands. Sweeping 
dunefields were situated adjacent to the 
coast at any time. Rivers were broad and 

shallowly incised. The Great Brak River, 
for example, had a mouth of 800 m wide 
when sea level was 35 m lower than 
today, with an adjacent lake the same size 
as Langvlei at Wilderness. The Gouritz 
River had an 18-km wide floodplain. 
There is no exact modern analogue 
for this submerged system, but we are 
working on a large inter-disciplinary 
project to piece together the geology, 
vegetation, anthropology and ancient 
environment through the occupation of 
this space by our early human ancestors. 
Early modern humans would likely have 
a different set of resources to use in this 
Pleistocene landscape compared to those 
available along the presently exposed 
coast, and this work is closely linked 
with the archaeological site of Pinnacle 
Point, testing hypotheses both ways.  

Tools for diving and mapping under water. We use hammers, compasses, lift bags, 
and even shark cages in Mossel Bay where we have to take special precautions! 
Hayley Cawthra

Geological structures highlighted (e.g. faults) where the caves have been incised by past high sea levels.  Hayley Cawthra
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EVIDENCE FOR PAST SEA-LEVEL 
CHANGE AND THE ABILITY TO 
PROJECT INTO THE FUTURE 

Sea-level rise is a definite consequence of global warming. 
Ice-age cycles of the past million years have seen sea 
level fluctuations between130 m below and 11 m above 
the present level, mainly associated with the growth and 
retreat of continental ice sheets in 100 ka cycles. Presently, 
melt-back of all remaining ice on earth would create 
about 65 m of sea-level rise, but this is unlikely to occur. 
To understand these past fluctuations, we use various 
indicators of past patterns, and one of these indicators is 
from deposits studied in coastal and marine geology. 

At the Great Brak River mouth, the rocky shore and the 
impressive deposits on the eastern headland mostly date back to 
the 125 ka Last Interglacial period, or the last cycle of warming 
which was similar to today. All rocks are either palaeo beach 
deposits, or palaeo dune deposits, remnant of past glacial-
interglacial cycles. At 125 ka, sea level at this site reached 
between 6 and 7 m above present and the shoreline would 
have been situated up to 1 km inland. This period of warming 
presents a minimum analogue for what we expect in the next 
few thousand years, based on natural processes alone and 
minus additional human impact. Further back in time, sea level 
reached approximately 11 m above present, at 400 ka and there is 
evidence for this along the shores of the Klein Brak River estuary. 

Offshore of the Great Brak River, coast-parallel reefs 
extending from the shoreline to a depth of at least 60 m 
below sea level exist. These rocks were laid down between 
200 and 60 ka and have been dated. Following the 125 ka 
highstand, the sea retreated to a depth of 130 m below present, 
a distance of 100 km offshore at Great Brak, by 20 ka. In only 
the last 18 ka, sea level has transgressed back to the present 
level, rapidly drowning this vast underwater landscape. 

From a geological perspective, we use palaeo datasets such 
as these to be able to project into the future and understand 

Multibeam bathymetry, shown as a greyscale, highlighting 
interesting geological features on the seafloor of Mossel Bay. 
There were rivers flowing on this landscape, beaches, sand 
dunes and caves. All have now cemented into rocks and 
form reefs and seafloor features. Hayley Cawthra

the impact on the global population living at the coast. Sea 
level rise is, however, inevitable: and perhaps within the next 
two centuries global sea level could be expected to rise as 
much as 0.9 - 1.8 m above present by the year 2100, and 2.7 - 
5 m by the year 2200. This is a natural process and although 
human impact may enhance or accelerate the rate of rise, it 
has happened in the past and left behind evidence allowing 
us to piece together patterns that shaped the landscape and 
influenced climate and environments all over the world.

Hayley Cawthra a senior scientist at the Council for Geoscience 
in Cape Town, where she has started a country-wide continental 
shelf mapping programme. Her other responsibilities include 
involvement and/or leadership in government projects to do 
with geo-political borders and deep seabed mining, conducting 
independent and collaborative research, and training junior 
staff. Hayley is also an Honorary Researcher in the African Centre 
for Coastal Palaeoscience at the Nelson Mandela University 
in Port Elizabeth where she conducts research and supervises 
postgraduate students. She completed her MSc (University of 
KwaZulu-Natal) and PhD (University of Cape Town) part-time 
and has 11 years of working experience in marine geology and 
geophysics. Her research interests include various aspects of 
quaternary geology and glacio-eustatic sea level change, with 
particular reference to submerged deposits on the continental 
shelf. Marine geology, human origins and human use of ancient 
coastlines were the focus of her PhD work offshore of Mossel 
Bay. In order to take samples and map seafloor geology, Hayley 
enjoys scuba diving and working on marine vessels offshore. She 
is a member of numerous ongoing international multi-disciplinary 
research projects, all with a focus on South African records.
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BUILDING A 
LOCAL TEAM

When it became clear that Pinnacle 
Point was going to be a landmark 
excavation in archaeology and vital to 
our understanding of human evolution 
and history, Professor Curtis Marean 
knew that the local community had to 
benefit directly from this in some way. 
The usual ways that this is done is by 
opening parts of excavation sites to the 
public and offering guided tours, which 
can offer some employment to locals, but 
these opportunities are limited. What is 
not limited is the amount of labour that 
is required in large-scale excavations and 
the post-excavation processing of finds 
such as this – and not just highly skilled 
labour but a lot of simple moving and 
shifting. Marean decided to find his non-
archaeology help from local residents, 
in some cases literally offering work to 
men standing at the side of the road.

Most archaeological field projects 
are attached to major universities, and 
when it comes time to do the excavations 
the scientists arrive in town with their 
people and gear. After some weeks 
or months of work, they pack up and 

head back to their university. Marean 
wanted to base his project in the local 
community. So instead of taking this 
come-and-go approach, he established a 
relationship with the local Dias Museum 
and they kindly granted him work space 
there. The project has been there ever 
since, employing and training local 
people who work there all year long.

The people featured here are not 
archaeologists with degrees from 
universities, except for one. But 
they have all become highly trained 
and skilled in interesting work that 
has literally changed their lives.

FROM BAR TENDER TO 
COMPANY CO-DIRECTOR

Although Tina Gennari had matric, 
she was working as a bar tender in 
Mossel Bay, on the Cape east coast, in 
late 2004. Her mother saw an advert 
in the paper for locals to work as Total 
Station operators and encouraged her 
to apply. Tina started as a ‘gunner’ on 
site, but over time she started sorting 

artifacts in the laboratory, became the 
laboratory manager and is now a co-
director of the Mossel Bay Archaeology 
Project – a registered company called 
MAPCRM. Her role is administration 
and logistics and she has the vital task of 
cataloguing all the material that has been 
collected. Tina is also the site ‘recorder’ 
– this is the person who handles all 
the excavation data acquisition on site. 
Excavators dictate their observations 
to her and she makes sure these all 
get properly recorded on a laptop 
computer. She also handles much of the 
organisation on site during excavations.

In her words, ‘I thrive doing the 
organisation aspects of the company, but 
I love everything about my job. Although 
I prefer being in the lab, I enjoy the field 
seasons [when the team work at the 
excavation site] as well. I came into this 
company as a teenager and have always 
tried to give advice to the directors. At last, 
two years ago they took my suggestion 
on an excavating decision which made 
sense. Very proud moment for me.’ 

One of the best things about the work 
is interacting with scientists and students 
from around the world, ‘It is always an 
adventure to meet new people. It can 
either go very well with personalities 
flowing into one another with ease or be 
a clash of the titans if personalities don’t 
mix. We have always had to say goodbye 
to new friends and love seeing their 
faces again when they return for another 
field season. We have a diverse group 
of people who work really well together 
and I think we are just as eager to learn 
from meeting new people from different 
walks of life as they are for being here 
to experience a field season with us.’

Quest looks at how the excavations at 
Pinnacle Point provided local people 

with exceptional opportunities

Aviwe Innocent Ntwanambi and Bonile Mjacu.
Front row, left to right: Nkosiyoxolo Mcgaleka, 

Nicodhimus Choga and Dr Curtis W Marean. 
Mqweba, Betina Gennari, Sydney Dlabantu, 

Ross Henderson, Thandisizwe Sydwell 
left to right: Lwando Magxidolo, Struan 

The MAPCRM team, starting top row, 
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OPENING UP WORLDS

Aviwe was born and brought up in 
Mossel Bay and left school in grade 10. 
He was working at PetroSA as part of a 
landscaping crew in mid-2016 when a 
friend told him that the Pinnacle Point 
project needed a casual worker to help 
carry sand bags, which is what he started 
off doing. But over time, he moved to 
sieving the sediments taken from the 
excavations to check for artifacts. He 
is now sorting the sieved material and 
training new people to sieve in the 
field. In his words, ‘I enjoy spending 
time with colleagues and finding 
interesting artefacts in the sorting’.

Bonile Mjacu also started off carrying 
sand bags. Born in Welkom, Bonile was 
working as a driver on a construction 
site in Mossel Bay in 2009 when he heard 
about the project. Over time, he moved 
from carrying, to sieving and sorting 
and is now one of the laboratory staff 
supervisors and the driver who monitors 
the water at Pinnacle Point. He has also 
learnt the intricacies of archaeological 
excavation. There is not one part of his 
job that he does not enjoy. A particular 
highlight was exposing a shell midden 
(ancient rubbish mound) on the site.

Lwando Magxidolo came to Mossel 
Bay from Eastern Cape, and was working 
as a packer at the Mossel Bay bakery in 
2006. Hearing about work on the project, 
he was happy to start as a casual labourer, 

Tina Gennari

laboratory in Mossel Bay.
The Munro House SACP4 

but, like many of the other local workers, 
rapidly moved through the ranks and is 
now sorting manager in the laboratory, 
as well as an excavator. Lwando is widely 
seen by the scientists as one of the best 
excavators they have ever encountered.

The list doesn’t stop here – locals 
Nkosiyoxolo Mcgaleka, Mncekeleli 
Sydney Dlabantu, and Thandisizwe 
Sydwell Mqweba all started as casual 
labourers in 2014 and are now highly 
skilled sorters and excavators. 

Others had more qualifications, 
but were struggling to find good work 
opportunities. Zimbabwean, Nicodhimus 
Choga, with a grade 12 diploma in basic 
education, was working as a laboratory 
assistant at the Oceans research company 
in the area in 2015. He is now a laboratory 
sorter, a field excavator and a Total Station 
operator and supervises the storage facility. 

Struan Henderson, from Port Elizabeth, 
has a BA in archaeology, but jobs in 
the field are so scarce that in 2008 he 
was working in a Mossel Bay computer 
shop. He started as a volunteer, sieving 
on the site and is now employed in 
various capacities, including water 
monitoring and lithic analysis in the 
laboratory and a field excavator. 

NO ‘IVORY TOWER’

Academics are often accused of working 
in ‘ivory towers’, remote from the realities 
of daily life and having little regard to 
anything other than their specialised 
research. The way that the Pinnacle Point 
project has harnessed local skills and 
enthusiasm shows just how archaeology 
can benefit everyone, and not simply 
from the insights it provides into our past.

3 mm sieved material. Tina Gennari

Nkosi carefully sorting through 

Leesha carefully cataloguing the 
artefacts from May-June 2013 field 
season. Tina Gennari

Sydney is processing concretions and Sydwell and Nkosi are hard at work sorting 
3 mm sieved material in the lab. Tina Gennari

PINNACLE POINTON THE COVER
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Why do herbivores 
eat some plants 

more than others?
Peter Carrick helps us understand how 

herbivores chose what they eat
Herbivores eat plants, and, much like us, 
herbivores prefer some plant species to 
others, and find some species downright 
unpalatable. In many areas, particularly 
those with more water, farmers have 
planted species for domesticated 
herbivores, such as goats, to eat. But, in 
areas like the Karoo, it is easy for scientists 
to study how palatable or otherwise the 
naturally occuring plant species are.

Shepherds, farmers, ecologists and 
other scientists have studied, and tried to 
understand, the way that herbivores select 
their diet for decades. A study of goats in 
the natural rangeland of Namaqualand, 
near the tiny town of Paulshoek, showed 
many of the same patterns in herbivore’s 
plant species preference that have 
been found throughout the world.

Measuring plant preferences
The first challenge in the study was to 
find a way to accurately measure which 
plant species were preferred (browsed 
more) by the goats. This is not easy, even 
in domestic browsing animals. Some 
of the common methods used include 
extracting and analysing the contents 
of an animals rumen (gut), or offering 
equal quantities of test plant species to 
animals within a controlled enclosure, in 
so-called ‘cafeteria trials’. These methods, 
however, alter either the physiology of the 
animal or the nature of its environment 
and may not be representative of 
how the animal normally behaves. 

The method developed by these 
scientists involved following focus goats 
within a herd (after getting the herd used 

to the presence of a non-herding person) 
and recording the time spent browsing 
each shrub. The numbers of each species 
of shrub that the focus goat passed were 
also recorded and the total time spent 
browsing on each shrub species was 
divided by the total number of shrubs 
passed. This meant that researchers 
could see what the focus goat prefered 
to eat, and not simply record the shurb 
species that occurred most commonly.

The focus animal was frequently 
changed  – animals were followed for 
2-3 hours, at the same time of day, on 
consecutive days. This was repeated 
over three seasons and the results put 
together in an integrated analysis. 

Sheep and goats show a strong 
preference for flowers and when flowers 
are available they will choose to browse on 
the flowers of even the most unpalatable 
shrubs, rather than on leaves. So, where 
a shrub species was flowering in a 
particular season, the data were recorded 
but excluded from the integrated analysis 
in order to correct for animals that 
were browsing the shrubs for flowers.

Only shrubs with tiny flowers appear 
to escape being eaten. For many species, 
with large showy flowers, browsing 
pressure can considerably reduce the 
average number of flowers, and as a 
consequence, the reproductive potential 
of the shrub in this heavily browsed 
rangeland, meaning that there will 
be fewer of these species available.

The browsing index for a total of 19 
shrub species was recorded. These ranged 
from 0 to 7.6 seconds per plant passed 
(s.plant-1). Succulent shrub species (in the 
plant families Mesembryanthemaceae 

Searsia undulata. Timm Hoffman

Goats browsing on fruits of the shrub 
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and Euphorbiaceae) are little browsed 
while non-succulent shrub species (in the 
Asteraceae family) may be highly browsed, 
(e.g. Tripteris sinuatum and Hirpicium 
alienatum) or browsed very little (e.g. 
Chrysocoma ciliata and Pteronia incana). 

What is in leaves of the plants 
that the animals prefer to eat?
In this study, the researchers looked at 
the concentration of the major chemical 
elements in the leaves and compared 
this with the preference that the animals 
had for eating each species. They found 
that the concentration of nitrogen was 
the most important factor (Figure 1).

The nitrogen concentration is an 
indication of the protein content of the 
leaves (since all proteins contain nitrogen 
in fairly consistent ratios) and is frequently 
the nutrient the herbivores are looking 
for most in their diets (Mattson 1980). So 
herbivores preferred eating leaves with a 
high protein content. Leaves with a high 
protein content are those that have the 
greatest concentration of photosynthetic 
proteins, e.g. chlorophyll. Flowers also 
have a high protein content, because of the 
proteins in pollen and developing seeds.

How does nitrogen content 
determine the mix of plant 
species and herbivores?
What does this mean for the co-existence 
of different species of plants with each 
other, and with herbivores? Since 
the nitrogen concentration in most 
soils is extremely low, and nitrogen is 
fundamental for the growth of plants, 
it is often also the nutrient that limits 

Figure 1. The relationship between goats’ preference for 18 common species of shrubs and their nitrogen concentrations. 
Nitrogen concentrations are expressed per unit dry mass and are the means of analyses of replicate samples of shrub 
species (usually measured in newly matured leaves but in the case of four species with minute leaves, or no leaves at all, 
young shoots were analysed) taken in three consecutive seasons. The browsing index is calculated as the time goats spent 
browsing a particular shrub species relative to the number of shrubs of that species that it passed during a browsing period. 
Virtually all shrubs of species represented by squares have been browsed to a fraction of their adult height, while many of 
the shrubs represented by diamonds were able to grow to their adult height.

Species codes:
Cc – Chrysocoma ciliata 
Cd – Cheiridopsis denticulata 
Ed – Euphorbia decussata 
Em – Euphorbia mauritanica 
Er – Eriocephalus microphyllus 
Ga – Galenia africana 
Ha – Hirpicium alienatum 
Ham – Hermannia amoena 
Hc – Hermannia cuneifolia 
Ls – Leipoldtia schultzei 
Lf – Lycium ferocissimum 
Pe – Pentzia incana 
Pt – Pteronia incana 
Ra – Ruschia aggregata 
Rr – Ruschia robusta 
Tf – Tetragonia fruticosa 
Ts – Tripteris sinuatum 
Zm – Zygophyllum retrofractum.

Peter Carrick

The road to Paulshoek. 

plant growth the most. However, some 
plants are able to take up more nitrogen 
than others, depending on the position 
of their roots, or the root’s physiology. 
Plants with a high concentration of 
nitrogen in their tissues may be able 
to continue growing even after losing 
some of their growth to herbivores, but 
plants lower in nitrogen are more likely 
to be limited in their ability to take up 
to this key nutrient  and will therefore 
have evolved ways of defending their 
tissues against losses to herbivores. 

Prof. Phyllis Coley of the University 
of Utah, USA, proved this theory in 
the rain forests of Panama. She showed 
that plants with high leaf nitrogen grow 
fast but the leaves don’t last long on the 
tree. Essentially it is a gamble for the 
plant – either the leaf will get eaten or it 
will be able to photosynthesise fast and 
contribute to rapid growth of the tree. 
Plants with lower levels of leaf nitrogen 
grow more slowly but they incorporate 
certain chemicals into their leaves that 
prevent herbivores from eating them – 
and effective way to prevent being eaten. 
This also usually means that the leaves 
last longer on the tree. The chemicals may 
be toxic to herbivores, but often they are 
simply chemicals that simply make the leaf 
hard to digest, e.g. tannins and lignins.
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A shrub of Eriocephalus microphyllus reduced in height by heavy browsing. 
Timm Hoffman

about 10 mg.g-1 nitrogen always have a low 
browsing index) are browsed very little 
as they are simply not nutritious enough 
for herbivores, regardless of whether they 
are chemically defended or not. However,  
in a place like Namaqualand, succulent 
plants may also have to defend their leaves 
against being browsed as a source of water. 

Shrubs that have intermediate levels 
of leaf nitrogen (between about 10 
and 20 mg.g-1) suffer varying levels 
of browsing. Toxic and defensive 
chemicals may best explain the browsing 
selection of those in the intermediate 
category. Some may gamble with faster 
growth but have low levels of chemical 
defence, while others incorporate 
toxins and other defensive chemicals 
into the plant tissues and are therefore 
browsed less, but have less chlorophyll 
and sacrifice fast growth rates.

Losing the game
However, under the very heavy browsing 
pressure of the Paulshoek rangeland, the 
gamble proposed by Prof. Coley has not 
paid off for plants. Most of the highly 
preferred shrub species are browsed to 
near ground level and only manage to 
reach adult size by growing within the 
canopy of less preferred species. Only 
two highly preferred species managed 
to escape being browsed to a fraction 
of their adult height, on this rangeland 
– both were larger woody shrubs that 
were thorny (Lycium ferocissimum) or 
had stems that were effectively spiny 
(Zygophyllum retrofractum). So, not even 
thorns and spines prevent browsing, 
but they do limit the quantity of tissue 
that is lost in a given unit of time 
(Cooper and Owen-Smith 1986).

Researchers still don’t know which 
mechanisms for protecting leaves from 
herbivores combine most effectively 

Goats browsing on herbs growing 
within the shrub Galenia africana.  
Timm Hoffman

Close up of goats browsing on leaves 
of Searsia undulata. Timm Hoffman

Close up of goats browsing on leaves of Searsia undulata. Timm Hoffman

Goats browsing on leaves of the shrub 
Searsia undulata. Peter Carrick

By looking at the data in the study at 
Paulshoek, Prof. Peter Grubb from the 
University of Cambridge, UK, takes the 
theory a step further. He proposes that 
shrubs with high leaf nitrogen are heavily 
browsed (in Fig. 1. plants with more 
than 20 mg.g-1 nitrogen always have a 
high browsing index) and probably cope 
with browsing by re-growing leaves. 
These shrubs may not have chemicals in 
their leaves that discourage herbivores 

from browsing them because even if 
they do the animals will find ways to eat 
them as they are simply too nutritious. 
For example, herbivores will dilute the 
effect of the defensive chemicals in 
their leaves by eating and mixing other 
leaves without these chemicals into their 
diet, or some herbivores may evolve a 
tolerance to the toxins in the leaves. 

On the other hand, shrubs with low leaf 
nitrogen (in Fig. 1. plants with less than 
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(e.g. a combination of specific toxins 
and thorns), and whether this would be 
the same in wet or dry or other types of 
environments (Agrawal 2011). However, 
the concentration of nitrogen in the 
plants leaves is a pretty good predictor 
of whether animals will eat the plant 
or not, in all these environments.

Dr Peter Carrick has a BSc (Hons) from 
the University of Cape Town and a 
PhD from the University of Cambridge 
in plant ecology, and has particular 
research interests in the mechanisms 
driving vegetation change, and the 
major drivers of ecosystem function in 
southern Africa’s arid regions. Since 2003 
he has been applying and developing 
this understanding to the creation 
of interventions that are necessary 
to restore indigenous ecosystems in 
previously mined and other degraded 
landscapes. Since 2010 he has been 
an Honorary Research Associate at the 
Plant Conservation Unit at the University 
of Cape Town. In 2005 he started the 
NRI, a programme which has developed 
methods for restoring biodiverse 
ecosystems to previously mined 
landscapes over large areas of South 
Africa’s arid west coast. Current research 

Various species of mesembs or vygies 
that have escaped browsing and are 
growing and flowering in high stony 
habitats. Peter Carrick

and from competition among 
plants and among animals. 1992. 
Journal of Ecology 80: 585-610.

Mattson WJ. Herbivory in relation 
to plant nitrogen content. 1980. 
Annual Review of Ecology 
and Systematics 11:119-61.

Todd SW. Patterns of seed production 
and shrub association in two 
palatable Karoo shrub species under 
contrasting land use intensities. 
African Journal of Range and 
Forage Science. 2000. 17:22-26.

continues  to focus on understanding 
and utilising ecological dynamics to 
re-create soil pattern and function, and 
to re-establish complex indigenous plant 
communities (i.e. the interface of ecology 
and restoration), but is increasingly 
expanded to recognise the patterns and 
the mechanisms driving these ecological 
dynamics in arid regions of the globe.
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So often when we think of a ‘superhero’ 
our minds wander off to a world where 
characters like Spiderman, Batman, 
Supergirl, Wonder Woman and even 
Superman exist. As a child growing up, 
the thought of being a superhero often 
crosses your mind, but you quickly 
dismiss that, thinking that you will 
probably never be as super as the hero 
and heroine on the television. I guess as 
we grow older, all the fantasies that we 
imagined as kids are replaced by learned 
abilities. We are constantly reminded by 
society that superheroes and heroines 
don’t exist, that we all should conduct 

ourselves a certain way. However, 
sometimes, as you grow older and do 
extraordinary things, you quickly see that 
perhaps society was wrong and being 
special is your own superpower. For 
most part of their childhood years, Sipho 
Mabusela, a PhD candidate and Sipokazi 
Nyeleka, a Masters candidate, both from 
the University of Fort Hare, also used 
to imagine themselves as superheroes 
and today share with us their journeys 
which led them to discovering their 
superpowers – ‘being research students 
in the field of Animal Science, with 
particular interest in poultry nutrition’.

Sipho’s journey 
My road to becoming a superhero began 
on 22 August 1991, in Cape Town, with a 
loud cry. That was my way of announcing 
myself to the world and telling them that 
the boss was here. I, unfortunately, had 
to leave my mom and head back to the 
Eastern Cape where I stayed with my aunt 
for the first four years of my life. When I 
was five years old my mother passed away, 
and I moved to stay with my uncle and 
his wife, who I now refer to as mom and 
dad. Each of us has defining moments 
in our lives where we find a fork in the 
road and must stand up and make a 
brave decision. After all, there aren’t any 

Sipho Mabusela

during his MSc graduation. 
Sipho Mabusela and his sisters 

Each of us has 

defining moments 

in our lives where 

we find a fork in 

the road and must 

stand up and 

make a brave 

decision. After 

all, there aren’t 

any spineless 

superheroes. 

www.assaf.org.za | Volume 14 | Number 1 | 201828

FEATURE

Sipho Mabusela and Sipokazi Nyeleka tell 
Quest how they achieved their dreams.

I am an animal 
scientist and that’s 
my superpower, 
what’s yours?



spineless superheroes.  For me, losing 
my mother was one of them and I had 
to decide between sulking for the rest of 
my life and wondering how things could 
have gone differently had my mother 
been alive, or to embrace the challenge 
of losing my mom at a young age and 
to live every moment as a celebration 
of the little memory that I had of her. 

It wasn’t always fun, games and 
rainbows. At times, I had to walk long 
distances to get to school and also 
had to come home and help with the 
household chores. During all of that, I 
also needed to make sure that I kept the 
grades up because, in my eyes, academic 
excellence was my only salvation. Does 
that sound familiar? At the age of 16, 
my goal was to perform well in my 
matric year, and get a bursary because 
I knew that my uncle and aunt would 
not be able to afford my tuition. 

Through hard work and dedication, 
I managed to save up enough money to 
apply for admission at the University of 
Fort Hare and by September I had been 
provisionally accepted, depending on my 
year-end results. Going to varsity wasn’t 
a new thing to me because all my siblings 
had degrees and some even had master’s 
degrees. That meant that expectations 
were high, not only from myself, but also 
from my family. Like any other teenager, 
there was a point in my life where I 
felt alone, like it was just me, that I was 
doing this for me and no one else. I think 
this came from the style of parenting 
I received from my uncle and aunt. 

Most of my life, I have always had an 
attitude of taking negative situations and 
finding ways to make them positive. This 
wasn’t any different, my situation built 
me up, made me an overachiever and it 
taught me to treat every decision as a life-
defining one. This has been a cornerstone 
towards developing my superpower and 
ultimately any form of success that I have 
attained through the years. Just like many 
superhero stories, mine also has a happy 
conclusion. I am currently a 2nd year 
PhD student in Poultry Nutrition. I am 
also a Junior Account Manager at one of 
the prominent animal-vitamin, enzyme, 
and premix manufacturing companies 
in South Africa. I am hoping to use my 
research to develop feeding strategies 
that can make poultry production more 
affordable and accessible to emerging and 
commercial farmers all over the world. 

Sipokazi’s journey
My journey to attaining my superpower 
began in Mthatha on 17 October 1992. 
I later completed my primary and high 
school schooling years there as well. 
Growing up, I never could really decide 
what it was that I wanted to do with my 
life. Almost everything interested me. The 
possibilities were endless, perhaps linked 
to the imagination that I never really lost 
as I got older. When I was considering 
my career path during my matric year, it 
occurred to me that the field I loved the 
most was agriculture. It’s strange because, 
during those days, a career in agriculture 
was not very popular among my peers, 
and at times I wondered if I had made 
the right choice. They all wanted to be 
lawyers, doctors, accountants and other 
professionals. But I guess my love for 
agriculture and stubborn nature shone 
through and I decided to go with it 
anyway. Ever since can remember, I had 
dreamed of helping my grandmother 
improve the range of animals she kept in 
my village home in Mqanduli; this career 
choice fell in line with that. I made up 
my mind and enrolled for a Bachelor of 
Science in Agriculture, Animal Science 
with the University of Fort Hare.

During the course of my degree, I 
developed a special interest in chickens, 
their diet, and how to make their 
products more affordable, especially for 
people like my grandmother who are 
subsistence farmers. Having obtained 
the BSc, I registered for a Masters’ degree 
(which I am currently completing), 
with a special interest in broiler chicken 
nutrition. I am investigating alternative 
protein sources that the broiler industry 
can use in order to make chicken feed 
more affordable. My hope is that more 
people can afford to buy commercial 

chicken feed so that they can raise their 
own chickens, instead of having to buy 
at expensive prices. This will ultimately 
lead to a more food secure country, with 
decreased levels of poverty and crime. 
At times, I feel like giving up because it’s 
never easy, but I always remind myself 
why I took this path and that one day, 
maybe soon, my superpower of being an 
Animal Scientist will assist in improving 
food security and creating more 
employment in our beautiful country. 

In a nutshell, life is what you make it. 
Look at Batman or even The Arrow; they 
don’t have any extraordinary abilities, 
they are ordinary guys like you and 
me who have decided to work hard to 
make themselves extraordinary. You 
don’t have to be an animal scientist or 
a poultry nutritionist like us to be a 
superhero. You just have to believe in 
your abilities and work very hard to hone 
them. Everything you do should be to 
better yourself and the community that 
you exist in. We can’t all be born with 
a silver spoon in our mouths and that’s 
just how life is. That doesn’t make you a 
loser or any less fortunate, it just means 
that you will have to work harder in 
school and in life. Take it from these two 
superheroes, it all pays off in the end.

graduation. Sipokazi Nyeleka

Sesethu at their undergraduate 
Sipokazi Nyeleka (left) and her twin 
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The programme annually recognises 18 
first-year students studying in the science, 
medicine and engineering fields. A young 
man and woman are chosen from each of 
the nine provinces. These students must 
have received top marks in mathematics 

and physical science in the 
national Senior Certificate 

examinations (Grade 
12) of the previous 
year (2016). The NSTF 
Brilliants programme 
is sponsored by the 
Carl and Emily Fuchs 

Foundation.  

AIMS OF THE BRILLIANTS 
PROGRAMME 

The aims are to:
• Recognise and honour top performers 

in physical science and mathematics
• Inspire and motivate 

these top performers by: 
o enabling access to potential 

role models and mentors, and advice 
from experts who can address 
their study and career concerns
o encouraging top students 

to complete their studies and to 
pursue science, engineering, and 
technology (SET)-related careers 
o exposing young talented people 

to science and engineering in the 
field and contact with experts.

ACTIVITIES OF THE 
BRILLIANTS PROGRAMME

•  Reward top performers with 
sponsored travel to Emperors Palace, 
hotel accommodation, certificates, and 
recognition during the NSTF-South32 
Awards gala dinner in the presence of 
NSTF Awards finalists, SET professionals, 
VIPs, and senior government officials. 
The recognition includes publicity for the 
students and their schools and provinces. 

•  Inspire these talented young people 
with exposure to SET-related industries 
and careers in the field – through an 
educational tour during their stay.

•  Conduct a motivational speakers’ 
programme during their stay, to provide 
advice, encouragement, and interaction 
with experts and role models.

THE NSTF BRILLIANTS 
PROGRAMME

The NSTF Brilliants Programme is about South 
Africa’s future innovators – top science and maths 
matriculants from 2016, who are currently studying 

at various South African universities. 

Brilliants on stage during the NSTF-South32 Awards Evening. NSTF

Adriana Dodkins.
Voluntary paticipant student, 
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The Southern African Large Telescope (SALT) in Sutherland. NSTF

NSTF Brilliants Programme Astronomy Edu-tour at 

SELECTION OF 
BRILLIANTS STUDENTS

The NSTF requests the lists of top 
performers in physical science (in the 
national Senior Certificate) from all the 
provincial education departments. Two 
students from each province are selected, 
based on their performance in both 
mathematics and physical science, as 
well as their chosen field of study. Thus, 
the Brilliants Programme consists of top 
first year students with a passion for SET, 
registered at South African universities 
for science-related qualifications.

TOUR TO A SET-
RELATED FACILITY 

This year, the NSTF collaborated with 
the Square Kilometre Array (SKA) South 
Africa to reward the selected Brilliants 
students with a national astronomy 
tour that took place from 22-29 June 
2017. The tour and recognition of the 
deserving Brilliants students appropriately 
coincided with Youth Month. The 
astronomy tour involved the Brilliants 
students visiting various astronomy sites, 
including the SKA site outside Carnarvon, 
South African Large Telescope (SALT) 
outside Sutherland, and South African 
Astronomical Observatory in Cape Town. 
Brilliants students also did stargazing 
in the Karoo to learn about stars and 
planets, participated in an ‘introduction 
to big data workshop’ by Google, and 
visited various scientific tourism sites in 
Cape Town. The tour exposed students 
to new fields of study and careers in SET, 
bursary opportunities at SKA SA, and 
role models in SET and innovation in 
South Africa. The aim was also to inspire 
the students to promote astronomy and 
astronomy tourism in South Africa.

BRILLIANTS MOTIVATIONAL 
SPEAKER PROGRAMME 

The purpose of this programme is 
to create awareness of opportunities 
in their careers and the importance of 
personal and professional development. 
Students are encouraged to continue 
with their chosen field of studies, and 
to find their way to an appropriate 
career path. The Brilliants motivational 
speaker programme for 2017 was held 
on 29 June in Kempton Park, Gauteng. 
There were seven speakers at the event.

AWARDS GALA DINNER 

The Awards Gala Dinner exposes 
the Brilliants students to SET role 
models, potential contacts for future 
opportunities, and stakeholders who 
determine the environment. The 
Brilliants group are introduced to the 
audience on stage and a few are given 
the opportunity to address the audience 

on why they chose a career in SET. Four 
students voluntarily participated: Dylan 
Maluleka, Jane Mouton, Marlie Harris, 
and Adriana Dodkins. Minister Naledi 
Pandor responded with her personal 
congratulations and appealed to the 
audience to give support where possible.

The NSTF promotes and invests 
in SET, including mathematics 
and innovation among the youth. 
This is important because:

• SET subjects open doors for 
learners to pursue fulfilling careers

• The future of SET and innovation 
depends on young people being 
inspired to explore the subjects, study 
courses and exciting careers that 
exist already, and be prepared for the 
new ones that will exist in future.

sponsored by SKA SA #astrotour. NSTF

NSTF Brilliants Programme Astronomy Edu-tour, 

ON THE COVER ##NSTF BRILLIANTS PROGRAMMEFEATURE
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verywhere 
you look, 
you’ll see 
science hard 
at work, 

making society a better 
place in which to live. 
From the food you 
eat to the clothes you 
wear; from the battery 
in your cell phone to the 
mp3 files in your music 
player, it’s all about the 
science.

South Africa needs 
more scientists if it is 
to compete on a global 
scale; people who are 
enthusiastic about 
finding solutions to 
today’s challenges and 
pushing the frontiers of 
the future.

If you want to make a 
real difference, consider 
a career in science.

e
SCIENCE IS THE GLUE
THAT HOLDS EVERYTHING TOGETHER
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SCIENCE IS THE GLUE
THAT HOLDS EVERYTHING TOGETHER

South Africa is currently 
considered one of the 
most technologically 

advanced countries in 
Africa, and has moved up 
five places in the 2014 
Global Innovation Index. 
Ranked 53rd out of 143 
countries, South Africa 
is working to profile its 
scientific achievements 
and to advance its 
position among the 
world’s scientifically and 
technologically advanced 
countries. 

The strategy for advancing 
science engagement in 
South Africa is intended to 
improve the coordination 
of and encourage science 
promotion, communication 
and engagement activities.

Here are our four 
strategic aims for science 
engagement:  >>>

Find out more 
www.saasta.ac.za

We are building a society that is scientifically literate.

To popularise 
science, 
engineering, 
technology 
and innovation 
as attractive, 
relevant and 
accessible in 
order to enhance 
scientific literacy 
and awaken 
interest in 
relevant careers. 
Generally, in this 
thrust initiatives 
will fall under 
three broad 
categories, which 
are science for the 
public, science 
for education 
support, and 
the promotion 
of careers in 
science. Crucially 
important 
in science 
popularisation is 
the strengthening 
of science centres, 
and capacity 
building for 
science promotion 
personnel.

To develop a critical 
public that actively 
engages and 
participates in the 
national discourse 
of science and 
technology to the 
benefit of society. 
Around disputed 
developments 
and issues with 
a strong science 
and technology 
component, the 
Department 
seeks to provide 
support to timely, 
broad dialogues 
through managed 
engagements across 
key stakeholders. 
The South African 
Agency for Science 
and Technology 
Advancement and the 
Academy of Science 
of South Africa 
constitute important 
institutional 
platforms for this 
support. Where 
necessary, other 
platforms will be 
created for public 
discussions on policy 
directions regarding 
the uptake of new 
technologies, and 
policy decisions 
involving science-
driven ventures.

To promote science 
communication 
that will 
enhance science 
engagement in 
South Africa. 
Without 
effective science 
communication 
no science 
engagement 
is possible. 
But science 
communication is 
underdeveloped in 
South Africa, both 
as a professional 
discipline and as a 
medium. Extending 
traditional 
journalism to 
advance science 
engagement, 
developing 
and nurturing 
the culture of 
communicating 
science to the 
public, incentivising 
scientists and 
researchers to 
communicate their 
work, and targeting 
higher education 
institutions and 
school-level 
learners will 
be among the 
interventions to 
address this aim.

To profile South 
African science and 
science achievements 
domestically and 
internationally, 
demonstrating 
their contribution 
to national 
development and 
global science, 
thereby enhancing 
its public standing. 
Attention will be 
focused on profiling 
among others (a) 
scientific areas in 
which the country 
has a geographic 
and knowledge 
advantage, including 
associated scientific 
and technological 
developments; 
(b) state-of-the-
art research 
infrastructure 
that positions 
South Africa as an 
international research 
destination; and (c) 
local inventions and 
discoveries that have 
the potential to or 
have changed the 
world. Through such 
efforts, the concept 
of science tourism 
will be explored.

1 2 3 4

QuestAD.indd   2-3 2018/02/14   02:26:20 PM



verywhere 
you look, 
you’ll see 
science hard 
at work, 

making society a better 
place in which to live. 
From the food you 
eat to the clothes you 
wear; from the battery 
in your cell phone to the 
mp3 files in your music 
player, it’s all about the 
science.

South Africa needs 
more scientists if it is 
to compete on a global 
scale; people who are 
enthusiastic about 
finding solutions to 
today’s challenges and 
pushing the frontiers of 
the future.

If you want to make a 
real difference, consider 
a career in science.

e
SCIENCE IS THE GLUE
THAT HOLDS EVERYTHING TOGETHER

B r i n g i n g   s c i e n c e   a n d   l e a r n e r s   t o g e t h e r   t o   b u i l d   t h e   f u t u r e .   w w w. s a a s t a . a c . z a

SCIENCE IS THE GLUE
THAT HOLDS EVERYTHING TOGETHER

South Africa is currently 
considered one of the 
most technologically 

advanced countries in 
Africa, and has moved up 
five places in the 2014 
Global Innovation Index. 
Ranked 53rd out of 143 
countries, South Africa 
is working to profile its 
scientific achievements 
and to advance its 
position among the 
world’s scientifically and 
technologically advanced 
countries. 

The strategy for advancing 
science engagement in 
South Africa is intended to 
improve the coordination 
of and encourage science 
promotion, communication 
and engagement activities.

Here are our four 
strategic aims for science 
engagement:  >>>

Find out more 
www.saasta.ac.za

We are building a society that is scientifically literate.

To popularise 
science, 
engineering, 
technology 
and innovation 
as attractive, 
relevant and 
accessible in 
order to enhance 
scientific literacy 
and awaken 
interest in 
relevant careers. 
Generally, in this 
thrust initiatives 
will fall under 
three broad 
categories, which 
are science for the 
public, science 
for education 
support, and 
the promotion 
of careers in 
science. Crucially 
important 
in science 
popularisation is 
the strengthening 
of science centres, 
and capacity 
building for 
science promotion 
personnel.

To develop a critical 
public that actively 
engages and 
participates in the 
national discourse 
of science and 
technology to the 
benefit of society. 
Around disputed 
developments 
and issues with 
a strong science 
and technology 
component, the 
Department 
seeks to provide 
support to timely, 
broad dialogues 
through managed 
engagements across 
key stakeholders. 
The South African 
Agency for Science 
and Technology 
Advancement and the 
Academy of Science 
of South Africa 
constitute important 
institutional 
platforms for this 
support. Where 
necessary, other 
platforms will be 
created for public 
discussions on policy 
directions regarding 
the uptake of new 
technologies, and 
policy decisions 
involving science-
driven ventures.

To promote science 
communication 
that will 
enhance science 
engagement in 
South Africa. 
Without 
effective science 
communication 
no science 
engagement 
is possible. 
But science 
communication is 
underdeveloped in 
South Africa, both 
as a professional 
discipline and as a 
medium. Extending 
traditional 
journalism to 
advance science 
engagement, 
developing 
and nurturing 
the culture of 
communicating 
science to the 
public, incentivising 
scientists and 
researchers to 
communicate their 
work, and targeting 
higher education 
institutions and 
school-level 
learners will 
be among the 
interventions to 
address this aim.

To profile South 
African science and 
science achievements 
domestically and 
internationally, 
demonstrating 
their contribution 
to national 
development and 
global science, 
thereby enhancing 
its public standing. 
Attention will be 
focused on profiling 
among others (a) 
scientific areas in 
which the country 
has a geographic 
and knowledge 
advantage, including 
associated scientific 
and technological 
developments; 
(b) state-of-the-
art research 
infrastructure 
that positions 
South Africa as an 
international research 
destination; and (c) 
local inventions and 
discoveries that have 
the potential to or 
have changed the 
world. Through such 
efforts, the concept 
of science tourism 
will be explored.

1 2 3 4

QuestAD.indd   2-3 2018/02/14   02:26:20 PM



34 www.assaf.org.za | Volume 14 | Number 1 | 2018

NEWS EXTRA!

UCT researchers discover bone 
disease in a 265 million-year-old 

mammal ancestor

Researchers at the University of 
Cape Town’s Biological Sciences 
Department have discovered an 

unusual bone tissue pattern that was 
suspected to be osteomyelitis in the 
femur of an omnivorous therapsid, more 
specifically known as a dinocephalian. 

 Osteomyelitis is a degenerative bone 
disease caused by a bacterial infection 
which eats away bone. It is common in 
modern mammals and reptiles as well 
as in their earliest prehistoric ancestors, 
which predated the dinosaurs. 

 Christen Shelton, Department 
of Biological Science and first 
author of the paper published in the 
International Journal of Paleobiology, 
Historical Biology, said: ‘While 
analysing thin sections of the femur 
under a microscope, I noticed 
that the bone tissue did not follow 
the normal growth pattern as that 
observed in other specimens’.

 The earliest occurrence of this disease 
was discovered in the backbone of the 

dorsal sailed pelycosaur. This ‘mammal-
like reptile’ lived 280 million years ago 
and was part of a group that gave rise to 
the mammals we know today. Linking 
modern mammals and pelycosaurs is 
another group of advanced ‘mammal-like 
reptiles’ known as the therapsids. Until 
now osteomyelitis was assumed to exist 
in this group of mammal-like reptiles as 
well, but no proof had ever been found.

 Shelton suspected this was something 
special and sought expert advice 
from Professor Anusuya Chinsamy, a 
palaeobiologist at UCT. She concurred 
that this was indeed unusual, pointing 
out areas of the bone tissue which 
showed some bone layers growing 
perpendicular to each other. Chinsamy 
noted that: ‘This pattern is often 
indicative of a pathology, something 
that either damaged or disrupted 
the normal bone tissue growth’  

 Bruce Rothschild, MD of the West 
Virginia University School of Medicine, 
who has worked extensively researching 

bone pathologies in dinosaurs, joined 
the team of researchers and identified 
that: ‘The unusual bone pattern was 
in fact due to a bacterial infection 
and the animal’s response to it’ 

 ‘This made sense because on the 
femur we found two teeth puncture 
marks, which we believe resulted 
from a bite by a predator during its 
lifetime. This potential bite became 
infected and resulted in the pathology 
we discovered here,’ Shelton added.

 Chinsamy, a global expert on the 
microscopic structure of the bones of 
extinct and extant vertebrates, noted 
that: ‘Researchers have long assumed 
that osteomyelitis must have occurred in 
therapsids, but now we can back up those 
assumptions with histological proof ’

Thanks to this research, there 
is now further evidence of the 
link between mammals and their 
‘mammal-like’ reptile ancestors.
Issued by UCT Communication 

and Marketing Department

Wikimedia Commons

A fossil of an extinct therapsid
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First-ever unveiling of ground-breaking 
Sterkfontein discovery turns a crucial 

page in the story of humankind 
Introducing Little Foot:  
South Africa’s oldest, 
virtually complete fossil 
human ancestor, previewed 
for the first time in a 
completely cleaned and 
reconstructed state

South Africa’s status as a major 
cradle in the African nursery of 
humankind has been reinforced 

with today’s unveiling of ‘Little 
Foot’, the country’s oldest, virtually 
complete fossil human ancestor. 

Little Foot is the only known virtually 
complete Australopithecus fossil 
discovered to date. It is by far the most 
complete skeleton of a human ancestor 
older than 1.5 million years ever found. 
It is also the oldest fossil hominid in 
southern Africa, dating back 3.67 million 
years. The unveiling will be the first 
time that the completely cleaned and 
reconstructed skeleton can be viewed by 
the national and international media.

Discovered by Professor Ron Clarke 
from the Evolutionary Studies Institute 
at the University of the Witwatersrand 
(Wits) in Johannesburg, South Africa, the 
fossil was given the nickname of ‘Little 
Foot’ by Prof. Phillip Tobias, based on 
Clarke’s initial discovery of four small 
footbones. Its discovery is expected to 
add a wealth of knowledge about the 
appearance, full skeletal anatomy, limb 
lengths and locomotor abilities of one of 
the species of our early ancestral relatives. 

‘This is one of the most remarkable 
fossil discoveries made in the history 
of human origins research and it is 
a privilege to unveil a finding of this 
importance today,’ says Clarke.

After lying undiscovered for more 
than 3.6 million years deep within the 
Sterkfontein caves about 40 km north-
west of Johannesburg, Clarke found 
several foot bones and lower leg bone 
fragments in 1994 and 1997 among other 

fossils that had been removed from rock 
blasted from the cave years earlier by lime 
miners. Clarke sent his assistants Stephen 
Motsumi and Nkwane Molefe into the 
deep underground cave to search for any 
possible broken bone surface that might 
fit with the bones he had discovered in 
boxes. In July 1997, they found such a 
contact in only two days of searching. 
In the 20 years since the discovery, they 
have been hard at work to excavate and 
prepare the fossil. Now Clarke and a team 

of international experts are conducting 
a full set of scientific studies on it. The 
results of these studies are expected 
to be published in a series of scientific 
papers in high impact, peer reviewed 
international journals in the near future. 

Clarke realised soon after the discovery 
that they were on to something highly 
significant and started the specialised 
process of excavating the skeleton in the 
cave up until 2012, when the last visible 
elements were removed to the surface 

Prof. Ron Clarke reminisces on the Little Foot find. Paul Myburg
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In 2010, Little Foot skull was lifted 
to the surface. Paul Myburg

In 2013, Little Foot skull was separated 
from its block. Paul Myburg

Upper surfaces of Little Foot bones are exposed, after a lengthy and careful excavation process. Paul Myburg

Stephen Motsumi and 
Nkwane Molefe. Paul Myburg

in blocks of breccia. ‘My assistants 
and I have worked on painstakingly 
cleaning the bones from breccia blocks 
and reconstructing the full skeleton 
until the present day,’ says Clarke.

This is the first time that a 
virtually complete skeleton of a 
pre-human ancestor from a South 
African cave has been excavated in 
the place where it was fossilised. 

‘Many of the bones of the skeleton 
are fragile, yet they were all deeply 
embedded in a concrete-like rock 
called breccia,’ Clarke explains.

‘The process required extremely careful 
excavation in the dark environment 
of the cave. Once the upward-facing 
surfaces of the skeleton’s bones were 
exposed, the breccia in which their 
undersides were still embedded had 

to be carefully undercut and removed 
in blocks for further cleaning in the 
lab at Sterkfontein,’ says Clarke.

The 20-year long period of excavation, 
cleaning, reconstruction, casting, and 
analysis of the skeleton has required 
a steady source of funding, which 
was provided by the Palaeontological 
Scientific Trust (PAST) – a Johannesburg-
based NGO that promotes research, 
education and outreach in the sciences 
related to our origins. Among its 
many initiatives aimed at uplifting the 
origin sciences across Africa, PAST 
has been a major funder of research at 
Sterkfontein for over two decades.

Professor Adam Habib, Vice-
Chancellor and Principal of the 
University of the Witwatersrand says: 
‘This is a landmark achievement for 

the global scientific community and 
South Africa’s heritage. It is through 
important discoveries like Little 
Foot that we obtain a glimpse into 
our past which helps us to better 
understand our common humanity.’

PAST’s chief scientist Professor Robert 
Blumenschine labels the discovery a 
source of pride for all Africans. ‘Not only 
is Africa the storehouse of the ancient 
fossil heritage for people the world over, 
it was also the wellspring of everything 
that makes us human, including our 
technological prowess, our artistic ability, 
and our supreme intellect,’ he says.

The scientific value of the find and 
much more will be unveiled in a series 
of papers that Prof. Clarke and a team of 
international experts have been preparing, 
with many expected in the next year.
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Thinking big by burning small
Creative management of grazing through the 
use of small fires can draw back herbivores to 
grazing areas that are avoided by animals

A recent paper by scientists from Wits University in 
South Africa shows how creative fire management 
can increase habitat for wildebeest and other 

grazing animals in national parks. The work, published in 
the Journal of Applied Ecology (http://onlinelibrary.wiley.
com/doi/10.1111/1365-2664.12956/full), shows that small, 
repeated fires can have a concentrating effect on animals, 
and create ‘grazing-lawn ecosystems’ where food quality is 
higher and herbivores can see predators from further away. 

The research was initiated through a collaboration 
between the University of the Witwatersrand (Wits) and 
the South African National Parks (SANParks). SANParks 
managers within Kruger National Park (South Africa’s largest 
protected area) have been managing fire since as early as 
1957, with fires applied to achieve particular objectives. 

However, recent self-analysis raised concerns that the 
fire-policy in the Kruger Park was resulting in a switch to 
fire-adapted grasses that excluded grazing animals who 
need higher quality graze, such as wildebeest. Managers 
were specifically worried that large fires resulted in 
grazers spreading out into the large burn scars after a 
fire and reduced grazing pressure in the local area. 

Navashni Govender from SANParks joined up with Prof. Sally 

Visual artist Hannelie Coetzee (left) and Wits University 
ecologist Dr Sally Archibald worked together in creating a 
large-scale burn of an image of a locust and a grasshopper 
in order to visually communicate Archibald’s research. 
Shivan Parusnath, Wits University

Archibald from Wits University and Prof. Catherine Parr from 
the University of Liverpool. Together with a team of graduate 
students and technicians, and with the support of Working 
on Fire, Govender, Archibald and Parr set up a large-scale 
experiment near Satara Restcamp in the Kruger Park in 2013. 

Over the following 3 years fires of varying sizes were lit 
annually in the early- and late-dry season of each year and the 
type and number of grazers visiting burns was monitored by 
looking for the presence of dung on burn sites. The response 
of grass to the grazing herds was also measured with plots 
that were never burnt used to compare any changes. 

‘After 5 years the results are conclusive,’ says Archibald. ‘Our 
PhD student, Jason Donaldson, has shown that all grazers 
increase their use of small burns (<25 ha) after a fire, and 
that the number of animals on these smaller burns is large 
enough to keep grass short and palatable for longer periods.’ 

Wildebeest remained on these small burns and actively 
selected them over areas where burns were absent, and grass 
was taller. The continued high number of wildebeest on 
small burn patches ultimately kept grass very short (<5 cm) 
over large areas of the plots and made it impossible for plots 
to be burnt again. This is in contrast to the large, landscape 
fires that generally occur in this system, which only create 
good habitat for wildebeest for a few weeks after the fire. 

The collaborators are now investigating whether smaller 
animals, like grasshoppers, benefit from the management 
intervention, and have found three families that were unique 

The Working on Fire team manages a controlled burn near 
the Satara Rest Camp in the Kruger National Park in south 
Africa. Working on Fire managed the controlled burn events 
for all the burns done in the study. Wits University
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to short-grazed patches, increasing biodiversity overall. 
‘The research adds to a growing understanding of the 

interactions between fire, grazers and grass structure and 
function in savannas and highlights the importance of 
understanding feedbacks between fire management policies 
and wild herbivores,’ says Donaldson. ‘The collaborators have 
been testing this management tool in other ecosystems in 
Africa, and are also, with collaborators from the University 
of Pretoria, exploring what this means for rangeland systems, 
where, cattle, not wildebeest are the dominant grazers.’ 

Fire management may seem like a contradictory idea to 
some, who view it as a destructive force of nature, but humans 
have been making use of effect of fire on vegetation structure 
and animal movement since before the rise of modern man. 

‘In his book Sapiens, Yuval Noah Harari states: “Some 
human species may have made occasional use of fire 
as early as 800 000 years ago … A carefully managed 
fire could turn impassable barren thickets into prime 
grasslands teeming with game”,’ says Donaldson.

Modern day land managers still rely heavily on fire to 
manage grasslands in Africa with commercial farmers and 
migratory pastoralists both burning savannas to provide fresh 
growth for livestock and to keep areas clear of thick brush. 

‘The research presented here adds a new layer to 
this story, as fire size has seldom been considered in 
these management decisions,’ says Archibald. 

The Kruger National Park is exploring the possibility of using 
this new insight to manage the southern Basalt plains, which 
are notoriously low in animals despite their high soil fertility. 

Science and art

Achibald teamed up with visual artist Hannelie Coetzee to 
interpret this work through burning an artwork titled Locust 
and Grashopper (2017) in a Highveld savannah landscape. 
Coetzee created the images of a locust and grasshopper 
facing each other, and used the savannah landscape as her 
canvas to plot them in, with 5D Surveys. With the assistance 
of fire management organisation, Working on Fire, they 
performed their work in a live-burn demonstration at the 
Nirox Sculpture Park in the Cradle of Humankind.

Through her art, Coetzee asks the question of how 
human behaviour impacts on our environment.

‘Science and art are often conflicting schools of 
thought, but they can work in parallel, providing a 
meeting of the head and heart,’ says Coetzee.

‘The representation of the locust and grasshopper 
expands on the ideas of diversity, but also emphasizes 
the idea that something so small can play such a large 
role in our environment. It is only when we look at the 
intricate detail of these elements that we can communicate 
these complex issues to the public in a visual way.’

The emblem representation of these two creatures 
expands on the ideas of diversity but also emphasizes 
the role something so small can play in the ecosystems 
of our environment. It is once we expand and educate 
ourselves on these intricate elements of our environment 
that we make complex systems visible for the public.
Issued by Schalk Mouton, Senior Communications 
Officer, University of Witwatersrand

An aerial view of the live Grashopper Locust burn event at 
the Nirox Sculpture Park in Muldersdrift, South Africa. The 
image was created by visual artist, Hannelie Coetzee, to 
visually depict the grazing study. Shivan Parusnath, Wits University
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TRIO OF DEAD STARS KEY TO UNDERSTANDING PART OF EINSTEIN’S THEORY OF GRAVITY

Observations of a trio of dead stars 
have confirmed that a foundation of 
Einstein’s gravitational theory holds 
even for ultradense objects with strong 
gravitational fields. The way that these 
three stars orbit each other sticks to 
a rule called the strong equivalence 
principle. According to general relativity, 
an object’s composition has no impact 
on how gravity pulls it, i.e. Earth’s 
gravity accelerates spheres of iron at 
the same rate as spheres of lead. This is 
called the weak equivalence principle. 

But according to the strong equivalence 
principle, not only do different materials 
fall at the same rate, but so does the 
energy bound up in gravitational fields. 
This means that an incredibly dense, 
massive object with a correspondingly 
strong gravitational field should fall with 
the same acceleration as other objects. 

To test this theory, scientists measured 
the timing of signal from a pulsar (a 
spinning, ultradense collapsed star 
that emits beams of electromagnetic 
radiation that sweep past Earth at regular 
intervals) called PSR J0337+1715. This 
pulsar has two companions – two white 
dwarf stars at different distances away. 

If the strong equivalence principle 
holds, the paired-up pulsar and white 
dwarf should both fall at the same 

rate in the gravitational field of the 
second white dwarf. But if the pulsar, 
with its intense gravitational field, fell 
faster toward the outermost white 
dwarf than its nearby companion, the 
pulsar’s orbit would be pulled toward 
the outermost white dwarf, tracing a 
path in the shape of a rotating ellipse.

Scientists can use the timing of a 
pulsar’s signals to deduce its orbit. As 
a pulsar moves away from Earth, for 
example, its pulses fall a little bit behind 

its regular beat. So if J0337+1715’s orbit 
were rotating, signals received on Earth 
would undergo regular changes in 
their timing as a result. Archibald and 
colleagues saw no such variation. That 
means the pulsar and the white dwarf 
must have had matching accelerations, 
to within 0.16 thousandths of a percent.

These results were presented at a 
January 2018 meeting of the American 
Astronomical Society. 
Sciencenews.org

NEW SPECIES OF PELICAN 
SPIDERS DISCOVERED

Scientists have found 18 new species 
of pelican spider in Madagascar. 
Hannah Wood, an arachnologist at 
the Smithsonian National Museum 
of Natural History in Washington, 
DC, analysed the genes and anatomy 
of live and museum pelican spiders 
specimens to find these new species. 
They are described in an online paper 
published in January 2018 in ZooKeys. 

Pelican spiders have an elongated 
‘neck’and beaklike pincers, called 
chelicerae. They use these chelicerae 
to strike from a distance, which is why 
their other name is ‘assassin spiders’. 
The prey is impaled on these hooks 
and die from injected venom.
Sciencenews.org

1.bp.blogspot.com

A pelican spider

TRIPLE THREAT: A threesome of dead stars has allowed a new test of a tenet of 
Einstein’s theory of gravity. The trio includes a pulsar (illustrated, with bands of 
electromagnetic radiation in blue) in orbit with a nearby white dwarf. A second 
white dwarf orbits farther afield (red, upper right). NRAO outreach/VIMEO.com
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QUEST MATHS 
PUZZLE NO. 44
What is the five-digit 
number, no zeroes, in 
which the second digit is 
three times the first, the 
third is one more than 
the second, the fourth 
is four times the first, 
and the last is one-half 
more than the second?

 
 
 
 
 
 
 
 
 

Answer to Maths Puzzle no. 43:  
43 – all the others are 1 greater than 
a square.

WIN A PRIZE!
Send us your answer (fax, 
e-mail or snail-mail) together 
with your name and 
contact details by 15:00 
on Friday 9 March 2018.

THE FIRST CORRECT ENTRY 
THAT WE OPEN WILL BE 
THE LUCKY WINNER. WE’LL 
SEND YOU A COOL TRULY 
SCIENTIFIC CALCULATOR! 

► Mark your answer  
‘Quest Maths Puzzle no. 44’ 
and send it to: Quest Maths 
Puzzle, Living Maths, P.O. Box 
195, Bergvliet, 7864, Cape 
Town, South Africa .  
Fax: 0866 710 953.

Email: livmath@iafrica.com. For more  
on Living Maths phone (083) 308 3883  
and visit www.livingmaths.com.

SCIENCE

ICE SHEETS ON MARS

Shallow ice sheets found on Mars 
could help future astronauts, who 
could use the water to drink, or to 
create oxygen to breathe or even to 
make fuel for returning spacecraft. 

The newly discovered ‘red planet’s’ 
ice sheets are buried by only 1-2 m of 
soil. They were found by Colin Dundas 
and colleagues, planetary scientists from 
the US Geological Survey in Flagstaff, 
Arizona, using the Mars Reconnaissance 
Orbiter satellite to observe eight regions 
where steep slopes, called scarps, seem 
to reveal ice. These scarps are closer to 
the planet’s equator than to its poles.

High-resolution images show that the 
ice is arranged in thin layers. Dundas says 
that the layers probably started as snowfall 
millions of years ago when the north pole 
pointed in a difference direction. There 
are also large boulders emerging from 
the ice, suggesting that the ice is being 
erroded by a few millimetres every year.
Sciencenews.org

A cross-section of a thick sheet of 
underground ice is exposed at the 
steep slope (or scarp) that appears 
bright blue in this enhanced-colour 
view from the High Resolution Imaging 
Science Experiment (HiRISE) camera 
on NASA’s Mars Reconnaissance 
Orbiter. NASA

Bleached coral in among colourful corals that have not lost their algae.
globalcolarbleaching.org
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make fuel for returning spacecraft. 
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ice sheets are buried by only 1-2 m of 
soil. They were found by Colin Dundas 
and colleagues, planetary scientists from 
the US Geological Survey in Flagstaff, 
Arizona, using the Mars Reconnaissance 
Orbiter satellite to observe eight regions 

where steep slopes, called scarps, seem 
to reveal ice. These scarps are closer to 
the planet’s equator than to its poles.

High-resolution images show that the 
ice is arranged in thin layers. Dundas says 
that the layers probably started as snowfall 
millions of years ago when the north pole 
pointed in a difference direction. There are 
also large boulders emerging from the ice, 
suggesting that the ice is being erroded by 
a few millimetres every year. 
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Subscription does not carry over to the next 
calendar year, provide postal address only.

Subscribe now to have four 
quest issues mailed to you 
and place your order for back 
issues (subject to availability).

SUBSCRIBE!

SUBSCRIPTION FORM 2018
Please fill in and return this form with proof of payment.

I would like to subscribe to 4 issues of Quest:  Science for South Africa. My details are (please print):
Title:  Name/Initials: Surname:
Company/university/institution/school: Student number (to qualify for student rates):
Postal address:  
     Code:
Work tel.: (        )  Home tel.: (        )
Cell:   e-mail:   
How did you hear about QUEST?  
If you are already a subscriber, are you satisfied with the subscription service?  □ Yes  □ No
When would you like your subscription to begin?   □ Tick here if this is an institutional subscription
(Please fill in below.)   □ Tick here if this is an individual/personal subscription
Volume Number:  Issue Number: □ Tick here if this is a gift subscription
Date:    Signature:   
 
Subscription  rates* (4 issues incl. postage) Please tick appropriate rate. 
No VAT is charged, as the publisher is not registered for VAT.

South Africa □ Individuals/Institutions – R130.00  □ Students/Schoolgoers – R 65.00
Neighbouring countries (Southern Africa)  □ Individuals/Institutions – R280.00  □ Students/Schoolgoers – R169.00
Foreign □ Individuals/Institutions – R234.00  □ Students/Schoolgoers – R182.00

 
Payment  options  and  contact  details.

Payment options
Please make payment by electronic transfer or cash deposit into the following bank account:
Bank: Standard Bank Account Name: Academy of Science of South Africa  
Account number: 07 149 422 7 Branch name (code): Hatfield (011-545)
Reference: QUEST SUB + your name (or institution’s name)
Send the completed Subscription Form together with the proof of payment to:
POST: Quest Magazine, PO Box 72135, Lynnwood Ridge, 0040, South Africa 
E-mail: tsepo@assaf.org.za Subscription enquiries: tel. 012 349 6645 OR e-mail: tsepo@assaf.org.za
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The Universe is right next door
We work with leading astronomers and 
scientists to unwrap the mysteries of the 
cosmos and continue to play an important role 
in new discoveries.

We also operate some amazing technologies 
such as SALT, the biggest optical telescope in 
the Southern Hemisphere.

If you are thinking of a career in astronomy, the technology behind it or just interested 
in what goes on in the Universe, why not visit us?

  Tours and visits to SALT and the Cape Town Observatory
  Astronomical information
  Science resources and activities for schools 
  Astronomy career information 
  In-service technical training 
  Scholarships 
  National Astrophysics and Space Science Programme

The South African Astronomical Observatory (SAAO) brings the Universe closer to home.

Website: www.saao.ac.za
Telephone: 021 447 0025 
Email: enquiries@saao.ac.za
Fax: 021 447 3639
Address: P.O. Box 9, Observatory, 7935
               Observatory Road, Observatory, Cape Town
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Come study at UKZN’s
College of Agriculture, Engineering & Science

INSPIRING GREATNESS

UKZN’s College of Agriculture, Engineering and Science consists of � ve Schools:  
*  Agricultural, Earth & Environmental Sciences *  Chemistry & Physics  *   Engineering *  Life Sciences  

*  Mathematics, Statistics & Computer Science

• Spread over the Pietermaritzburg, Westville and 
Howard College Campuses, we o� er inspiring, vibrant 
and beautiful surrounds.

• You will make lifelong friendships with likeminded 
people - over 8500 students choose to study in our 
College each year.

• UKZN o� ers extensive sporting, cultural and 
extramural facilities.

• Our Bachelors, Honours, Masters and Doctoral 
Degrees are internationally recognized.

• We o� er something for everyone - you can choose from 
5 Schools and 45 areas of subject specialisation.

• We are committed to high academic standards. UKZN 
is rated amongst the top three universities in Africa.

• We o� er excellent teaching and academic support.  
Over 600 academic and support sta�  will be there for 
you throughout your degree.

• We have an outstanding research output, which is 
the highest in the university.

• We are proud of our international reputation - a 
number of our scientists are rated as international 
leaders in their � elds.

• 84% of our graduates are employed within six 
months.

*  Visit our websit: caes.ukzn.ac.za    *  Find us on Facebook  www.facebook.com/studyatukzn

*  Phone us on 033 260 5695 (Pietermaritzburg) / 031 260 7979 (Westville) / 031 260 8038 (Howard College)

*  Email us on frosts@ukzn.ac.za
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