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Early warning systems
Science and technology have been 
fundamental to the development 
of early warning systems (EWS), 
which are designed to reduce the 
risk to life, livelihoods and health 
during disasters and other extreme 
events. The USAID-funded Famine 
Early Warning System Network 
(FEWS NET), established in 1985 
as a response to the devastating 
1984–1985 famine in Ethiopia and 
Sudan, is considered the first EWS to 
be implemented at a regional level, 
but efforts to develop such systems 
for other disasters increased rapidly 
following the 2004 Indian Ocean 
tsunami, which killed more than 
230 000 people in 14 countries. 

Japan had initiated the world’s first 
instrument-based tsunami EWS 
in 1941, and the technology was 
replicated in Hawaii in 1949, but 
these early systems relied purely 
on earthquake detection. Since the 
magnitude of earthquakes is not 
directly related to tsunami intensity, 
the USA developed a more accurate 
system, called DART® (Deep-ocean 
Assessment and Reporting of 
Tsunamis), in the late 1990s. This 
relies on a bottom pressure recorder 
(BPR) on the seafloor and a moored 
surface buoy, with data transmitted 
via an acoustic link from the BPR to 
the buoy, and then relayed to ground 
stations via satellite. Following the 
2004 earthquake, DART systems 
were installed by Australia, India 
and Thailand, which operate the 
Indian Ocean Tsunami Warning and 
Mitigation System (IOTWMS) for 
the benefit of 25 member states. 
Similar regional tsunami EWS were 
established in the Atlantic and Pacific 
Oceans.

Other kinds of EWS exist for geologic 
hazards, such as earthquakes, 
volcanoes, avalanches and 
sandstorms, as well as extreme 
weather events and climatic Cover photo

Daleel Lilla

Every care is taken in compiling the contents of 
this publication, but we assume no responsibility 
for effects arising therefrom. The views expressed 
in this magazine are not necessarily those of the 

publisher. Content may be copied or shared with 
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EDITOR’S NOTE

conditions, including tornadoes, 
hurricanes, floods and droughts. 
There are also EWS for infectious 
diseases, and these will undoubtedly 
be the focus of renewed attention 
in light of the COVID-19 pandemic. 
Indeed, researchers in South Africa 
are already taking steps in this regard, 
in collaboration with international 
partners. A five-year project conducted 
with funding from Science and 
Technology Research Partnership for 
Sustainable Development (SATREPS) – a 
Japanese programme for international 
joint research – developed a weather-
based malaria prediction model for 
Limpopo that will now be expanded 
and operationalised into an infectious 
disease EWS, making use of seasonal 
climate forecasts. Future outbreaks or 
resurgence of COVID-19 are expected 
to coincide with seasonal cycles, as is 
the case with other viral respiratory 
infections.  

Of course, it’s no good having high-
tech systems and advance warning of 
an event if people cannot respond in 
a way that offers some protection, or 
because health and other government 
services are unprepared for the 
impacts. In September 2019, the Global 
Preparedness Monitoring Board, set up 
by the World Health Organisation and 
the World Bank in 2018, warned in their 
first annual report, A World at Risk: “The 
world is not prepared for a fast-moving, 
virulent respiratory 
pathogen 
pandemic”. 

Little did they 
know how soon 
that statement 
would be tested.

Sue Matthews
Quest Editor

Lesisiqephu se Quest sizogxila ku hlelo lokuxwayisa ngaphambi kokuba kube 
nenkinga, loluhlelo lakhelwe ukwehlisa ingozi engenzeka ezimpilweni, uma 
kwenzeka izinhlekelele, nokushintsha kwesimo sezulu ngokwendlulele.

Translated by Zamantimande Kunene
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THEME | COVID-19

In the first week of January 2020, before the world had 
woken up to the havoc that COVID-19 was about to cause, 
a small team in Canada were already working on a paper 
about the potential international spread of the then-
unnamed disease. They submitted their paper to the ‘rapid 
communication’ section of the Journal of Travel Medicine 
on 8 January, and it was published online within a week. 
In the paper they listed the top 20 cities they considered 
most at risk, based on travel data and an Infectious Disease 
Vulnerability Index (IDVI) that takes into account a country’s 
demographics, health care and political stability. The travel 
data was from the period January to March 2018, and 
consisted of passenger volumes on commercial flights that 
had originated in Wuhan, China, where the first outbreak 
occurred.

Bangkok in Thailand was at the top of their list, and sure 
enough, Bangkok was the first place outside China to report 
a case of the disease, on 13 January. The remaining cities 
were from 11 countries or territories, eight of which were 
next to report cases, up to 25 January. At the end of that 
month, the six countries with the most confirmed cases 
outside China closely corresponded to those listed by the 
team. By that time they had already published a follow-up 
paper in the same journal, using flight data from the period 
February to April 2019 to indicate the threat to the 50 
international cities receiving the highest passenger volumes 
from mainland China, as well as Hong Kong.

Most of the papers’ authors are associated with BlueDot, 
which was founded by Dr Kamran Khan, an infectious 
disease physician and University of Toronto professor. 
Having experienced the impact of the 2003 SARS outbreak 

in Toronto, Dr Khan knew that countries need a headstart 
in preparing for the possible arrival of infectious diseases. 
In 2008 he launched a scientific research programme 
called BioDiaspora to study the role that commercial air 
travel plays in the worldwide spread of such diseases, and 
converted this to BlueDot in 2014 after having acquired 
venture capital funding. He assembled a diverse group 
of people with expertise in epidemiology, geographic 
information systems (GIS), data analysis, mathematical 
modelling, computer science, software engineering and 
design, and put them to work to develop a global early 
warning system for infectious disease that harnesses 
the power of big data, artificial intelligence and digital 
technologies. 

Today, the BlueDot system can detect outbreaks of more 
than 150 pathogens, toxins and syndromes by continuously 
scanning over 100 000 official and mass media online 
sources in 65 languages every day. It also anticipates 
dispersion of any disease using flight itinerary data as 
well as anonymous location data from millions of mobile 
phones, and assesses the impact of the disease’s arrival by 
analysing climatic conditions, health-system capacity and 
numbers of animal vectors, where applicable. 

During its scanning on New Year’s Eve, the BlueDot system 
had flagged a report about a cluster of pneumonia cases 
in Wuhan, and within two hours had sent an alert to its 
clients, which include a dozen public health agencies and 
some hospitals and airlines. That initial report was on 
ProMED-mail, which was also set up as an early warning 
system of sorts, way back in 1994. An abbreviation of 
Programme for Monitoring Emerging Diseases, ProMED-

C
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Early warning systems

COVID-19 
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mail relies more on a ‘people approach’ than state-of-the-
art technology, because reports of disease outbreaks are 
screened by expert moderators before being made freely 
available. Currently there are about 80 000 subscribers 
to the email notification service, but anyone can access 
the searchable database from the ProMED-mail webpage, 
with information available in several languages. The initial 
Wuhan report, for example, was a machine translation from 
a Chinese business news site, discussing an urgent notice 
from the Wuhan Municipal Health Committee about the 
treatment of pneumonia of unknown cause at a number of 
local hospitals.

The ProMED-mail report was also picked up immediately 
by EIOS – the Epidemic Intelligence from Open Sources 
system being developed by the World Health Organisation 
(WHO) and the Joint Research Centre (JRC) of the European 
Commission. The report prompted WHO to send an official 
request to China, on New Year’s Day, for more information 
under the International Health Regulations. On the same 
day it activated its Incident Management Support Team to 
coordinate the response across its headquarters and its 
regional and country offices.

EIOS is a web-based system that aims to improve early 
detection, verification and assessment of public health risks 
and threats using open-source information. It consolidates 
a number of existing systems including the Early Alerting 
and Reporting system (Global Health Security Initiative), 
the Hazard Detection and Risk Assessment System (WHO) 
and MEDISYS / Europe Media Monitor, all of which were 
developed by JRC. Each day the system collates hundreds 
of thousands of articles from a broad range of sources, and 
uses a series of text mining and analytical modules to sort 
them by category, country, language and source. 

The EIOS governance structure involves multiple 
stakeholders, with the coordination group including 
organisations such as the Centres for Disease Control 
and Prevention (CDC) of the United States, the Food and 
Agriculture Organisation (FAO) of the United Nations, 
and the World Organisation for Animal Health (OIE). 
Collaborating organisations have their own space within 
the system, where they can securely share information. 
For example, FAO hosts the Global Early Warning System 
(GLEWS), set up in 2006 as part of the WHO/FAO/OIE 
tripartite alliance to address heath threats and emerging 
risks at the human–animal–ecosystems interface (see page 
24), but it now uses EIOS for media monitoring, disease 
tracking and information dissemination. 

A more recent early warning system being developed 
for COVID-19 relies on wastewater surveillance. Infected 
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BlueDot’s early warning system used flight itineraries from 
Wuhan, China, to predict the spread of COVID-19 from the 
epicentre to other countries.
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people shed SARS-CoV-2, the coronavirus that causes the 
disease, in their bodily fluids, particularly their faeces. It is 
not yet known to what extent the virus survives in a viable 
and infective state in faecal matter, but its genetic material, 
in the form of RNA fragments, can be detected using 
reverse transcription polymerase chain reaction (RT-PCR) 
analysis. By taking regular samples from sewage arriving 
at wastewater treatment works (WWTW) and analysing 
these for SARS-CoV-2 genetic material, researchers could 
potentially get an indication of COVID-19 hotspots or new 
outbreaks, since WWTWs service a defined geographical 
area. Ongoing surveillance could also provide advance 
warning of a ‘second wave’ of the disease, or its re-
emergence in the future. It is particularly useful given that 
many infected people are asymptomatic, and are thus 
unlikely to be tested for the virus.

The concept is not new, as many countries have been 
conducting such surveillance for polio since the 1980s. 
Wastewater-based epidemiology has also proved effective 
in assessing the use of pharmaceuticals and illicit drugs 
in an area – certain compounds or metabolites will even 
survive the WWTW process and still be detectable in rivers 
receiving the final effluent. Studies are now under way in 
a number of countries to apply the concept to COVID-19. 
In South Africa, the Water Research Commission (WRC) 
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The potential for using wastewater surveillance to monitor 
COVID-19 is being investigated by researchers. Samples 
collected from the wastewater arriving at treatment works 
can be analysed for RNA fragments of SARS-CoV-2 to give an 
indication of the extent of COVID-19 infection in an area.

launched its ‘National programme for monitoring COVID-19 
spread in communities using a water and sanitation-based 
approach’ on 20 May.

Written by Sue Matthews

THEME | COVID-19

STATISTICS & MATHEMATICS?
ARE YOU INTERESTED IN A CAREER INVOLVING

Then our new qualification, the 
Higher Certificate in Mathematical Sciences, 
might interest you.
The qualification provides an alternative pathway to higher level studies, in particular Bachelor 
qualifications with a Mathematics requirement, such as in the fields of Science, Engineering and 
Technology.

Qualifying students will gain basic theoretical and practical skills in Statistics and will be employable 
as entry-level statistical support staff in various sectors.

ADMISSION  REQUIREMENTS:

 � A National Senior Certificate (NSC), with at least 30% in English and 40% in Mathematics,

 � or A Senior Certificate, with at least 30% in English and 40% in Mathematics in terms of the NSC,

 � or A National Certificate (Vocational) Level 4, with at least 30% in English and 40% in Mathematics 

in terms of the NSC.

CONTACT US ON
cset@unisa.ac.za | SoS@unisa.ac.za | www.unisa.ac.za/cset



8 Quest Vol. 16 No. 2 | 2020 QUESTONLINE.ORG.ZA

Climate change is predicted to increase the frequency, 
intensity and impacts of extreme weather events, high-
lighting the urgency of being prepared for such natural 
disasters. In KwaZulu-Natal, and eThekwini Municipality 
in particular, flooding has been the main contributor to 
disaster-related events causing damage to property and 
infrastructure, as well as loss of life. Historically, these 
and many other types of weather-related disasters were 
responded to as they happened around the world. This is 
called a reactive response. 

But what about weather forecasts? While these provide 
warnings about the rainfall an area would receive, the 
information is not necessarily enough to describe the 
impact on the ground. Who would be affected? How would 
they be affected? How badly? At what time? The eThekwini 
Municipality developed an early warning system to address 
these questions for the city of Durban and surrounding 
towns.

The nuts and bolts of early warning systems
An early warning system can be described as a chain of 
information communication systems, and comprises 
sensors, event detection and decision subsystems. To be 
effective, early warning systems need to actively involve 
the communities at risk, facilitate public education and 
awareness of risks, disseminate alerts and warnings, and 
ensure there is a constant state of preparedness.  

Flood WARNINGS
Natasha Ramdass reports on the development of an 

early warning system for Durban’s eThekwini Municipality
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A complete and effective early warning system therefore 
supports four main functions: 
1.  Risk analysis – Understand what/who is going to be 

affected, how badly, and when.
2.  Monitoring and warning – Understand how to track 

the risk and what kind of warning is related to that risk.
3.  Dissemination and communication – The warning 

that is produced from the step above needs to be 
interpreted correctly. Understanding who the warning 
should go to, how it needs to be structured, and when it 
needs to get to the person or organisation is essential. 

4.  A response capability – Once the warning is sent out, 
there should be a planned response to that warning.    

There are weather-related early warning systems that are 
able to manage multiple risks, including flooding, forest 
fires, snow storms and more, for entire continents, and 
others that manage a single risk for a single country or 
city.  But there is no ‘off the shelf’ version – each is a fit-
for-purpose system specifically designed to manage very 
specific needs of the organisation developing it.  

The eThekwini Forecast Early Warning System 
The eThekwini (Durban) Climate Change Strategy is a long-
term plan based on projections for a rise in temperature 
and rainfall to the year 2065 and a 500 mm increase in 
rainfall between 2065 and 2100. In 2013, in anticipation 

THEME | FLOODING
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of an increased risk of damaging storms in the eThekwini 
Metro, the municipality’s Engineering Unit set out to find a 
solution to better manage these storm events. 

A review of best practices around the world revealed that 
the solution was a marriage between engineering skills and 
information technology – a perfect example of Industry 4.0. 
Over the next seven years, a team of technical professionals 
advanced this idea into a structured, first-in-Africa, Forecast 
Early Warning System (FEWS). Initially intended for flood 
early warnings, the potential to apply this system to other 
early warnings such as water quality, risk assessments, 
coastal and real-time data management was recognised as 
time progressed. Hence, FEWS evolved from a Flood Early 
Warning System into the Forecast Early Warning System.  

The flood early warnings are currently operational and 
are assisting the municipality in managing potential flood 
disasters, so let’s focus on how these warnings work.

Risk analysis
To understand the risk associated with a possible storm, 
we first need to simulate what would happen with a certain 
amount of rain. How much it rains and where it falls is 
predicted by meteorologists. The South African Weather 
Service (SAWS) is the only body legally mandated to issue 
weather predictions in our country.   

Falling raindrops may get absorbed into the ground, or 
get trapped on the surface as ponds or puddles, or even 
evaporate, but the remaining drops flow overland to form 
runoff that eventually gets into rivers and streams. Using 
the SAWS three-day rainfall predictions, this journey of the 
raindrops can be simulated through hydraulic engineering 
(a discipline of civil engineering) to understand where we 
would expect flooding, when and how badly. The FEWS 
team within eThekwini’s Engineering Unit has done this 
by simulating the entire city’s ground conditions using 
engineering design software, together with some smart 
computer programming, to model – or simulate – flooding 

in the following three days. Why three days? Because 
weather patterns change dynamically and a seven-day 
forecast is less reliable than a three-day forecast.

Once this was accomplished, all known flooding hotspots in 
the city were monitored against the simulation outputs. The 
house in the illustration above represents a typical hotspot 
along a river bank or in a floodplain, and could constitute 
homes in a suburb or an informal settlement, an industrial 
building, an economic zone or other site that would 
be adversely affected by flooding. The FEWS identified 
approximately 200 hotspots, each of which has been 
analysed and categorised in accordance with its particular 
risk exposure.

Monitoring and warning
The thresholds (watch, alert and warning) shown for 
different levels of the river in the illustration represent the 
monitoring levels that the simulation checks against. For 
each threshold that is crossed by the simulated water levels, 
predefined notifications are triggered and sent to the FEWS 
team, who then interrogate these messages and evaluate 
the risk probability with the help of SAWS (for weather 
pattern validation).  

The identified risk then initiates real-time monitoring to 
track and validate the forecasted storm impacts. This 
is done using telemetry – the automated collection and 
transmission of data from instruments such as rain gauges, 
water level gauges and wind gauges. Weather radars are 
also used to track the movement of storm clouds.  

This means that while the flood warnings for eThekwini are 
issued by SAWS, the FEWS team is an active contributor to 
the ‘impact-based’ warnings for the region, and translates 
each warning to a local level.

Dissemination and communication
When a flooding threat is identified or suspected, 
communication between the FEWS team, SAWS and the 
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city’s disaster management practitioners commences. 
These three spheres provide essential information to 
the success of the early warning system. The FEWS team 
coordinates the technical aspects of the system, while 
SAWS provides the raw data required to run forecasted 
flood simulations, and Disaster Management coordinates 
actions in response to the early warnings. Communication 
between these spheres results in the information that is 
required for the response to the early warning. The public, 
emergency services, municipal officials and other groupings 
all require a different interpretation of the warning in 
order for them to respond effectively. For instance, while 
meteorologists at SAWS may require technical information, 
disaster management practitioners require location, time 
and severity of the risk in order for effective response, and 
the public only need to understand what to do and when.

During the disaster event, all three spheres meet and 
communicate directly at eThekwini Municipality’s Disaster 
Operations Centre.

 

FEWS Team

SAWS Disaster
Management 

Risk response
The last function of a typical early warning system is 
the risk response capability. This function is entirely 
the responsibility of eThekwini Municipality’s Disaster 
Management Unit, which coordinates the response to 
the early warning. This is done by developing predefined 
response plans for every level of risk, for every known risk 
location. To help get the right message to the right people 
at the right time, a list of stakeholders, including emergency 
services representatives, high-risk infrastructure managers, 
politicians and municipal decision makers are kept 
informed at all times through different platforms.  

What’s next?
The flooding component of the eThekwini FEWS will 
officially be launched this year, although it has been 
operational since 2019. However, since this system is a first 
of its kind in South Africa, as well as Africa, the learning 
never stops for the team. Risk hotspots will continue to be 
identified, while the system itself will continue to grow and 
improve. There are plans to develop a similar early warning 
function for coastal disasters in the near future.

An early warning system needs a network of good 
relationships to make it a success, so the eThekwini FEWS 
team has joined a global flood–climate change working 
group to share information and learn from each other 
on how to address unique challenges, such as predicting 
mudslides, similar to the April 2019 event in Durban. 
Knowledge sharing is paramount, because disasters are 
everyone’s problem.  

Natasha Ramdass is a civil engineer with eThekwini 
Municipality, which she joined shortly after completing her 
B.Eng. Hons (Civil) degree at the Universiti Teknologi Petronas 
in Malaysia in 2010. She completed an MBA at the University of 
KwaZulu-Natal in 2018.
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Predicting DROUGHT
Piotr Wolski explains the complexities of developing an 

early warning system for drought
“Predictions are difficult, particularly about the future,” the 
saying goes. It’s meant to be humorous, of course, but it’s 
also very apt. So much depends on whether we are able 
to foretell, forecast, foresee the future, yet we are strongly 
constrained in our ability to do so. Without knowing how 
COVID-19 will spread in the coming months, for example, 
we cannot plan our social gatherings or sports events, and 
considering an overseas holiday or business trip would 
seem to require a crystal ball!

While pandemics are very rare, advance knowledge of many 
other phenomena can save lives and money. Drought is one 
such phenomenon, familiar to most South Africans. Broadly 
defined as a persistent deficit of water in the environment, 
drought can be differentiated on the basis of its impact into:
•	  meteorological drought, when there’s a prolonged 

period of dry weather, 
•	  hydrological drought, when a decline in river flows, dam 

storage or groundwater levels limits water supply,
•	  agricultural drought, when crops become affected by 

inadequate soil moisture, or
•	  socio-economic drought, when demand for goods 

exceeds supply due to the water shortages, causing 
economic losses and societal impacts such as famine. 

Whatever the type, a drought usually involves low rainfall, 
but it is a relatively slowly evolving event of considerable 
duration. We won’t be talking about drought if there is no 
rain for a couple of days, and we won’t be talking about 
drought in June in Limpopo, because it does not normally 
rain in June in that part of South Africa. We will have a 
drought, though, if rainfall over several weeks, months or 
even years is considerably lower than expected. 

Drought episodes cause a decrease in agricultural yields, 
but drought-induced water shortages also constrain 
production and activities in many other economic sectors, 
from industry to tourism. Drought impacts our health too 
– for example, diarrhea cases tend to rise because water 
shortages mean more limited access to safe drinking water, 
increased use of grey water, and a reduction in personal 
hygiene practices, such as handwashing and bathing.

However, many negative impacts of drought can be 
reduced by appropriate actions prior to and during the 
drought. Dam operators can change water-release patterns 
in anticipation of the drought, or water restrictions can 
be introduced to ‘stretch’ the available resources, or 
augmentation projects like groundwater extraction or 
desalination plants can be fast-tracked. But any such action 
requires a reliable early warning of the coming drought.

To issue a warning, one has to predict the drought – a 
complex, multi-factor phenomenon – months in advance. 
Can we do that?

Let’s start with a rainfall forecast. We are all familiar with 
weather forecasts, which are predictions of weather in 
the next couple of days, and are usually quite reliable. 
These are based on computer models of the global 
climate system. A rainfall forecast for the next months, 
or a seasonal forecast, can be obtained in a similar way, 
simply by running the climate model longer into the future. 
A climate model-based forecast is called a numerical or a 
dynamical forecast. But forecasts can also be statistical, 
based on historically observed relationships between 
rainfall and some driving variables.
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Unfortunately, climate is usually poorly predictable at the 
timescale of several months – we can make a prediction 
by whatever means, but that prediction will not be very 
accurate. This is mostly due to the inherent nature of the 
climate system, but also because of imperfections of the 
computer models and limitations in our understanding 
of climate processes. 

Nothing illustrates the challenge of forecasting better 
than the well-known Cape Town ‘Day Zero’ drought. As 
the crisis was emerging, in April 2017, the community 
of climatologists in South Africa held a meeting aimed 
at formulating a message to the authorities about the 

forthcoming rainy season in the Western Cape. The 
experts looked at several numerical forecasts coming 
from reputable global and local institutions: the European 
Centre for Medium Range Weather Forecast (ECMWF), the 
USA’s National Oceanic and Atmospheric Administration 
(NOAA), the South African Weather Service (SAWS) and the 
University of Pretoria. There was no consensus between 
them – some forecasted a wetter season, some forecasted 
drought. The experts discussed the state of the climate 
system and indications it could give about what to expect. 
And they could not agree either. The consensus message of 
that meeting was as follows:
“...the Western Cape needs to consider the full range of 
possibilities, which comprise that the 2017 winter season may 
be drier than normal (which may greatly exacerbate the current 
situation) or normal (which may fail to relieve the current 
situation) or wetter than normal (which may bring relief to the 
current situation).”

We now know that the Cape Town’s rainy season of 2017 
turned out to be the driest on record.

However, a seasonal forecast might work reasonably well 
in certain locations, seasons and conditions. In South Africa, 
for example, seasonal rainfall is predictable in the northern 
part of the country, but only in the December-February 
period, and only in certain years. This is because that region 
is strongly affected by the El Niño-Southern Oscillation 
(ENSO) cycle – the deviations from normal sea surface 
temperatures in the equatorial Pacific that propagate 
through the climate system. If there’s a (warm) El Niño 
phase we can expect drought, but if there’s a (cool) La Niña 
phase we expect a wet year. The key word here, however, 
is ‘expect’. There are El Niño years that happen to be wet 
or average, and La Niña years that are dry or average. And 
when there are neutral ENSO conditions – in other words, 
neither El Niño nor La Niña – anything can happen!

But forecasting rainfall is only one part of the story. 
The other part is how to translate that forecast into an 
‘actionable’ drought warning. To act, we need to know not 
just how severe the meteorological drought is going to be, 
but also the likely consequences. A strong rainfall deficit 
will not necessarily translate into a hydrological drought, 
and a strong hydrological drought will not definitely result 
in a shortage of water resources, which may or may not 
translate into a disaster. But in particular conditions, even 
a moderate rainfall deficit can cause a severe hydrological 
drought.

So climate science has to engage other disciplines: 
hydrology, agriculture, health or financial planning. 
Unfortunately, each of those disciplines speaks another 
‘language’ and is based on a slightly different set of 
concepts, hampering the interaction. This means that 
predicting the implications of meteorological drought is 
very difficult.  

Take hydrology, for example. Our ability to forecast 
river flows or groundwater recharge is affected by our 
level of knowledge of rainfall and temperature, as well 
as parameters describing the hydrological system. The 
implication is that, providing we had perfect knowledge 

THEME | DROUGHT

Satellite images reveal the dramatic effect of the Western 
Cape drought on Theewaterskloof Dam, Cape Town’s main 
water source.
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of these, we would be able to issue a perfect forecast – in 
other words, a forecast that is always correct. Yet climate 
forecasting will still be highly uncertain, even if we had a full 
and perfect knowledge of the system, due to the chaotic 
nature of that system and the ‘internal variability’, as well as 
other sources of uncertainty. 

Then there is the practicality of handling climate forecast 
data, and implementing models and analyses. Climate 
forecasts are available from various institutions around 
the world, and the ‘state-of-the-art’ approach is to integrate 
and combine various pieces of information from these 
sources into what is called an ‘ensemble’ forecast, rather 
than attempt to single out the ‘best’ forecast. But climate 
modellers use different computer operating systems, 
different file formats, different nomenclature (or rather, 
jargon) to those used by hydrological or water resource 
modellers. How are the hydrologists to negotiate that 
unbelievably large global data and information landscape?

Yet another important aspect is the issue of forecast skill. 
One has to remember that whatever forecasting system 
one looks at, the numbers will be there. But are they 
believable… and are they correct? And how does one 
measure ‘correct? Climate forecasts are typically formulated 
as: “there is a 60% probability of drought”. Such a forecast 
is ‘correct’ irrespective of whether the event actually occurs 
(the forecast will never be for 100%), and thus there is 
always only a certain probability associated with the actual 
observed outcome (60% of drought, but then 40% of ‘no-

drought’). Of course, there are strict mathematical ways 
of expressing the level of correctness, or skill, of such a 
probabilistic forecast. But they are usually rather complex 
and not very transparent to someone who is not a specialist 
in forecasting. 

And this brings us to the last aspect – communicating the 
forecast and its uncertainty, and formulating the eventual 
drought warning. Here, one has to find a balance between 
two ends of the spectrum. On the one side is the “here 
is the data, explore and make your own interpretation” 
approach. In that case, an early warning system presents 
a wide range of basic forecast data and skill measures, 
perhaps with some information about the context, and 
leaves the interpretation of those to ‘decision makers’ or 
‘users’, under the assumption that they will best be able to 
interpret these results in their specific context. On the other 
end of the spectrum is the “here is a warning, trust us” 
approach; the interpretation of all the information is done 
by the ‘analyst’, or a forecaster, distilling all the complex 
information into a straightforward message. 

The first of those approaches bears the risk that the 
recipients will find it difficult to engage with the process; 
the second, that the nuance of a particular context is 
overlooked, the message appears definitive and thus 
might clearly be wrong, and the recipients will dismiss 
it on the basis of inaccuracy. Emerging in recent years 
are approaches that evolve around ‘co-exploration’ and 
learning, where the proverbial ‘analyst’ and the ‘users’ 

THEME | PREDICTING DROUGHT

A hydrological drought may cause perennial rivers to cease flowing, or prolong the period that intermittent rivers remain dry. 

THEME | DROUGHT
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The drought early warning system 
developed as part of a Water Research 
Commission project shows the three-
month rainfall forecast in March 2017 
according to the North American Multi-
Model Ensemble’s (NMME) GEM_NEMO 
model. The darker the area, the higher 
the probability of below normal rainfall. 

GLOSSARY

Anomaly: something that deviates from what is 
standard, normal or expected.

Dynamical forecast: relies on a mathematical model 
that describes the change in state of phenomena, and 
interactions between variables, over time.

Quaternary catchment: the fourth level in the 
hierarchy of catchment size, after primary, secondary 
and tertiary, and the basic unit of water resource 
management in South Africa. 

A three-month ‘Grand Ensemble’ rainfall forecast, issued 
in April 2020. Quaternary catchments shaded dark teal are 
predicted to receive rainfall in excess of 45 mm per month.

THEME | PREDICTING DROUGHT
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are jointly engaged in the process of generating the 
forecast and creating an in-depth and context-relevant 
understanding of the outcome.

As a consequence, creating an ‘actionable’ drought warning 
is a rather demanding task that requires analysing and 
processing a large amount of data from a number of 
global sources in a multidisciplinary setting, mixed with a 
substantial dose of creativity and contextual expertise in 
presenting the information. Perhaps that’s the reason for 
the very few such operational systems in South Africa?

In this complex landscape, a number of hydrologists 
and climatologists came together for a Water Research 
Commission funded project, titled ‘The development of 
an integrated (early warning) system for adaptation and 
mitigation to hydrological drought in South Africa’. The 
focus is on the climatological and hydrological forecast, at 
the spatial level of quaternary catchments, and it involves 
linking a hydrological model with a suite of dynamical 
and statistical seasonal forecasts. The system recognises 
limitations of quality and availability of climate and 
hydrological data and involves: 

•	  dynamical climate forecasts from the European ECMWF, 
the US-based Climate Forecast System (CFS) and the 
North American Multi-Model Ensemble (NMME),

•	  a statistical forecast based on relationships between 
seasonal rainfall and phenomena such as ENSO, Atlantic 
Multidecadal Oscillation (AMO) and Indian Ocean Dipole 
(IOD), and 

•	  a forecast of end-of-season rainfall anomaly, based on 
rainfall monitoring and the persistence of the emerging 
rainfall anomaly. 

The results from this suite of forecasts are synthesised in 
terms of probability of meteorological and hydrological 
drought of various levels of drought severity, highlighting 
the level of agreement of the different forecast systems and 
models. The skill of the individual models, and that of the 
entire ensemble of models, is clearly articulated.  Results 
are presented through a publicly accessible website at two 
levels of complexity – basic, with simple, straightforward 
messages, and advanced, allowing exploration of nuances 
of the procedure and underlying models. The page will 
be available through the website of the Climate Systems 
Analysis Group: www.csag.uct.ac.za.

Dr Piotr Wolski is a researcher at the Climate Systems Analysis 
Group, based in the University of Cape Town’s Department of 
Environmental and Geographical Sciences.
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THEME | INDIGENOUS KNOWLEDGE

Quest reports on a 
drought prediction tool 

that makes use of 
indigenous knowledge

Deep in the rural areas of Africa, small-scale farmers 
generally don’t have access to web-based forecasting 
systems. Although they may tune in to short-term weather 
reports on the radio, they’re less likely to benefit from 
longer-term forecasts for the coming weeks, or seasonal 
climate forecasts that predict the likelihood of drought, 
particularly if those use technical jargon that the farmers 
don’t understand. Besides, regional forecasts may not be 
very accurate at the local level, so farmers tend to rely on 
information that has been passed down from generation 
to generation – how the blooming of particular flowers, 
the behaviour of various animals, and changes in the 
numbers of certain insect species or migratory birds are 
indicators of approaching weather or seasonal transition.

Prof. Muthoni Masinde, who heads the Department 
of Information Technology at the Central University 
of Technology (CUT) in the Free State, grew up in an 
Mbeere community in eastern Kenya, where she learned 
some of this indigenous knowledge from her mother 
and other members of her village. After completing her 
undergraduate degree at the University of Nairobi, she 
moved to Brussels for her MSc, and then to Cape Town 
to do her PhD in UCT’s Department of Computer Science. 
Her thesis, submitted in November 2012, was titled 
‘ITIKI: Bridge between African indigenous knowledge and 
modern science on drought prediction’.

ITIKI was the prototype of a drought early warning 
system for small-scale farmers that she developed for 
her doctoral research, and began testing in her home 
village. The name ITIKI refers not only to the acronym 
for ‘Information Technology and Indigenous Knowledge 
with Intelligence’, but also to the Mbeere word for a type 
of bridge made of sticks. Traditionally, these bridges 
would be built by members of the community who had 
acquired indigenous knowledge on their sturdy and safe 
construction. The ITIKI tool is likewise a bridge allowing 
two-way information exchange to integrate indigenous 
and scientific drought forecasting techniques. 

Prof. Masinde continued working on the tool with the 
postgraduate students she supervised at CUT, where she 
founded the Unit for Research on Informatics for Drought 
in Africa (URIDA). In 2016 she was the first recipient of the
Department of Science and Technology’s Distinguished 

Young Woman Scientist: Research and Innovation Award, 
and she subsequently received a US$5 000 grant from 
USAID’s Securing Water for Food programme, which 
allowed her to acquire the business skills needed to 
commercialise the prototype. In June 2019, ITIKI was 
officially launched in a ceremony at CUT, and it is now 
being implemented at sites in South Africa and Mozam-
bique as well as Kenya. 

Currently, the South African site – located in uMgun-
gundlovu District Municipality in the Pietermaritzburg 
area of KwaZulu-Natal – is the smallest of the three, 
encompassing only 1 000 hectares, but some 1 000 tonnes 
of food is produced on that land, sustaining almost 
2 000 people. In each country, workshops were held with 
community members, and liaison officers recruited, to 
gather indigenous knowledge from the local small-scale 
farmers. This was used to populate a database of possible 
weather-related indicators, specific to each region, which 
were then built into a mobile app. Smartphones with the 
app installed were issued to the liaison officers, allowing 
the community members’ observations to be recorded on 
a day-to-day basis. 

This information is supplemented with data from wireless 
sensor networks serving as automatic weather stations, 
recording temperature, humidity, atmospheric pressure, 
wind, soil moisture and rainfall. All of this information and 
data is fed into computer models that harness artificial 
intelligence, in the form of artificial neural networks and 
fuzzy logic, to downscale forecasts issued by the South 
African Weather Service (SAWS) to the local level. These 
forecasts are communicated to farmers via SMS, with the 
intention that they will provide a decision support system.

“If farmers can predict when and where rain will or will not 
fall in a specified region, they can plan accordingly with 
water conservation, planting and irrigation,” Prof. Masinde 
explained. This would not only improve crop yields, but 
also ensure that scarce resources are used efficiently, 
increasing the farmers’ resilience in times of drought. 

•	  View Prof. Masinde’s CNN feature at: 
https://edition.cnn.com/videos/business/2020/03/05/
innovate-africa-drought-prediction.cnn

Prof. Muthoni Masinde being filmed for a feature on CNN’s 
Innovate Africa programme.

https://edition.cnn.com/videos/business/2020/03/05/innovate-africa-drought-prediction.cnn
https://edition.cnn.com/videos/business/2020/03/05/innovate-africa-drought-prediction.cnn
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Space weather, as the name implies, originates in space 
and can often be traced to physical processes in the 
Sun. Like its meteorological counterpart, it is hard to 
predict accurately due to its complexity, but over the last 
half-century it has become better understood thanks to 
improved instrumentation, data sharing and international 
collaboration. Scientists have learnt to trace space weather 
from its origin in plasmas below the solar surface, through 
the plasmas of interplanetary space to approximately 
100 km above the Earth’s surface, where they can detail its 
impacts.

In physics, a plasma is a gas consisting 
of a mixture of ions and electrons that 

have been freed from atoms or molecules 
by high temperatures 

The science behind space weather
The Sun’s ultraviolet radiation takes approximately eight 
minutes to reach the Earth’s ‘day side’, where it ionises 
the upper atmosphere to form a charged layer called the 
ionosphere. This layer extends from around 60–1 000 km in 
altitude and, at its lower ranges, overlaps with the neutral 
atmosphere. The ionosphere has for many years been used 
for shortwave radio communication. 

Apart from this radiation, the solar surface exhibits two 
phenomena important in the origin of space weather: solar 
flares and coronal mass ejections (CMEs). Both are caused 
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The southern lights, or aurora australis, form a spectacular 
backdrop to the South African Antarctic base, SANAE IV. 
These curtains of light – called aurora borealis in the 
northern polar regions – appear in the sky when high-energy 
particles from the Sun enter the Earth’s atmosphere during a 
geomagnetic storm.
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Schematic showing a 2D cut through the Earth’s magneto-
sphere. The solar wind blows from the Sun (out of view on 
the left) towards and beyond the Earth, forming a supersonic 
shock wave called the bow shock on the ‘day side’ of the 
magnetosphere. Magnetic field lines from the solar wind are 
shown in white, while those originating from the Earth are 
in red. The point where the two meet is the magnetopause, 
which is the outer boundary of the Earth’s geomagnetic field.

THEME | SUPERDARN

SuperDARN
Judy Stephenson tells us about the radar network’s contribution to 

space weather prediction and warning
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by a conversion of magnetic energy – magnetic field lines 
on the Sun’s surface become so twisted that they ‘snap’ like 
elastic bands. This can create a burst of radiation, evident 
as a solar flare, which accelerates very high-energy particles 
towards Earth. More problematic are the CMEs, which can 
be likened to plasma bubbles with an associated magnetic 
field being ‘coughed’ out of the Sun and typically taking 
around three days to reach Earth.  In addition, there is at 
all times a steady stream of particles and magnetic field 
escaping from the Sun, called the solar wind. 

The plasmas from the CMEs and flares interact with the 
plasmas of the Earth’s magnetosphere – the area of space 
controlled by our planet’s geomagnetic field, formed 
by swirling currents of molten lava above its core. The 
interaction is particularly strong if a component of the 
magnetic field in the solar wind and the geomagnetic field 
at the magnetopause boundary are oppositely directed, 
which is similar to what happens if the north and south 
pole of two magnets are brought together. This allows the 
CME plasma to enter the magnetosphere, and since the 
geomagnetic field and the solar wind magnetic field are 
now connected, the plasma within the magnetosphere is 
dragged along with the speed of the solar wind, significantly 
enhancing the circulation rate in the magnetosphere. 

This interaction is transferred throughout the magneto-
sphere and down into Earth’s ionosphere. The ‘day side’ 
of the magnetosphere becomes highly compressed, 
while on the ‘night side’ it is stretched out to form the 
magnetotail. Similar to the letting go of a stretched 
elastic band, when this stretched magnetotail relaxes, it 
leads to acceleration of charged particles associated with 
these field lines into the polar ionosphere – one result of 
which is an auroral display. In addition, many associated 

plasma processes are excited, such as different types of 
waves, instabilities and wave-particle interactions. Such a 
description is referred to as a geomagnetic storm, which 
is the most dramatic form of space weather, comparable 
to a cyclone or tornado in atmospheric weather.

The need for monitoring 
Estimates of damage to technological infrastructure from 
an extreme space weather event are around US$2 trillion. 
Land-based and Earth-to-satellite communications can 
be disrupted by the perturbing effects on the ionosphere, 
while lags and disruptions in signals to and from GPS 
satellites may cause errors in positioning. Space weather 
can even destroy power-grid transformers by creating 
geoelectric fields that cause strong underground currents, 
in the past resulting in power outages for more than 100 
million people over several months. It can also disrupt or 
destroy electronic systems in Earth-orbiting spacecraft and 
in aircraft, or expose astronauts, pilots and crew to unsafe 
levels of radiation.

Given these hazards, the South African National Space 
Agency’s (SANSA) space science division in Hermanus 
hosts a regional warning centre, which monitors cameras 
on satellites placed in different orbits around the Sun. As 
space weather phenomena are spotted, models are run 
and predictions are made of their impacts on Earth. Alerts 
are provided to stakeholders in the defence, aeronautics, 
navigation, energy generation and communication sectors.

The role of SuperDARN 
SuperDARN is the Super Dual Auroral Radar Network, 
an international scientific network of high-frequency 
(HF) radars, 33 of them currently active. The radars are 
located in the polar and mid-latitude regions, where they 

The Super Dual Auroral Radar Network (SuperDARN) circa 2018. Another radar has since been added in the Antarctic. Each radar 
has a limited field of view (shaded shapes), but together they monitor a substantial portion of the southern and northern polar 
regions for the effects of space weather.
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observe the ionosphere directly. The polar ionosphere 
may be understood as a screen onto which space weather 
processes are projected, because magnetic field lines at the 
poles connect to remote parts of the magnetosphere. Since 
space plasma processes are aligned with the magnetic 
field, these field lines act as a funnel, focusing the effects of 
phenomena in the distant magnetosphere onto this small 
part of Earth’s ionosphere.  

The first SuperDARN radar came online in 1984 at Goose 
Bay in Labrador, Canada. After 1994, when political 
conditions in South Africa made it possible, Prof. ADM 
(David) Walker of the University of KwaZulu-Natal was 
approached by American and British space scientists to join 
the network. A SuperDARN radar was assembled by the 
University of Potchefstroom – now part of the North-West 
University – and deployed at the South African National 
Antarctic Expedition (SANAE) base in 1997. 

SuperDARN radars transmit in the 8–20 MHz band. Electro-
magnetic radiation at these frequencies is refracted in the 
ionosphere. Most of the time, after some refraction, the 
radiation from the radar encounters plasma instabilities 
(corrugations) in the ionosphere, and it is reflected from 
them back to the radar. These instabilities are the main 
targets of SuperDARN radars. By knowing the timing of 
the pulse of transmitted radiation as well as characteristics 
of the pulse, the backscattered power (from the target), 
Doppler velocity (speed of target away and towards the 
radar) and spectral width (how many frequency com-
ponents make up the target) can be determined. These 
parameters allow a wide range of space phenomena to 
be traced and studied. There are times when ionospheric 
plasma conditions are such that the transmitted ray is 
refracted so much that it is bent back towards the ground 
some distance from the radar, making it possible for two to 

three hops (ground reflections) to take place. This allows the 
radar to observe over ranges of several thousand kilometres.  

The main product of the SuperDARN network is the 
ionospheric convection map, which is produced for each 
hemisphere at two-minute intervals. This ‘space weather 
map’ is similar to a meteorological weather map, but 
instead of temperature and pressure differences driving 
wind speed, here plasma convection (or velocity) is 
determined by the movement of the magnetic fields (due to 
solar wind and other plasma processes) and electric fields. 
The resulting convection velocity is shown by red and blue 
contour lines, equivalent to isobars on a weather map. 
Using such maps, skilled interpreters can provide detailed 
accounts of the prevailing space weather and its potential 
impact.

Information from the maps also improves our under-
standing of space processes, which allows scientists to 
advise design engineers on how to incorporate protection 
in devices. Furthermore, SuperDARN data is valuable as 
an input into models that combine physics knowledge and 
data for forecasting and prediction purposes. The model 
outputs essentially serve as an early warning system, 
enabling potentially affected systems to be configured to 
improve resilience. For example, within about 10 seconds 
of space weather impacts, satellite navigation systems can 
correct for most of the positional errors that arise from 
the effects of solar flares on the ionosphere. Predictive 
capability is vital considering that, for every year that 
goes by, our rapid advance in technology increases our 
vulnerability to space weather dramatically.

Apart from operational uses, SuperDARN’s data is an 
important contributor to understanding how energy is 
transported around the magnetosphere. This comes 
from its ability to monitor and be a diagnostic tool for 
space plasma processes such as ultra-low frequency 
waves, plasma instabilities and wave-particle interaction. 
It can also track the boundaries of many different plasma 
regions, increasing understanding of how the different 
regions of space respond to space weather. There are well 
over 600 papers in the scientific literature utilising data 
from SuperDARN, which has won awards for its valuable 
contribution to space physics, most notably from NASA and 
the Royal Astronomical Society. 

As a collaborative programme where data is shared 
between all investigators and the general science 
community, SuperDARN is a shining example of the 
international cooperation that is key to furthering our 
knowledge in the field of space physics.

•	  For more information on space weather and its 
prediction, see SANSA’s webpage: 

  https://www.sansa.org.za/products-services/space-
science-2/

Dr Judy Stephenson is the data manager for the SANAE HF 
radar and is based in the School of Chemistry and Physics, 
University of KwaZulu-Natal. She also assists masters 
and doctoral students in their research in the field of 
magnetospheric physics. Her area of research specialisation 
is ultra-low frequency magnetohydrodynamic pulsations.

An example of a southern hemisphere SuperDARN convection 
map. It represents a snapshot of the space weather over 
Antarctica (as seen looking from inside the Earth outwards) for 
the two-minute period 12:02–12:04 UT on the 5th March 2016. The 
Sun (and local midday) is at the top, which implies that the solar 
wind flows from top to bottom (local midnight) of the map.
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At the end of February 2020, Travis Duck arrived back in 
Cape Town on the SA Agulhas II, having departed on the ship 
in December 2018 for SANAE IV, South Africa’s Antarctic base. 
Travis was contracted by SANSA to oversee the SuperDARN 
installation during the 2018/2019 ‘takeover’. He wrote an 
article for the SANAE IV newsletter halfway through his stint, 
explaining what this entailed.

“The radar operates 24 hours per day and is only shut 
down during excessive winds of at least 60 knots (around 
120 km/h) or when maintenance is needed to be carried 
out on the system,” he wrote. “This takeover we replaced 
the cables and cable trays leading to the 16 antennas. This 
required measuring and cutting each cable to exactly the 
same length of 146 meters. We needed to be accurate to a 
millimetre, so it was a rather intensive task.” 

He explained that this level of accuracy was important 
because of the propagation delay between the antennas, 
and ensured that the radar will give correct readings on the 
location of detections. 

“The radar operates inside a hut near the antennas. Inside 
the hut are the 16 transceiver boxes, timing box and two 
servers (one for backup). The system sends its data to the 
servers at UKZN each night, and from there it is uploaded to 
the international SuperDARN server.” 

Travis noted that the current installation is the second 
version of the radar. “The first one was a TV style antenna 
(log-periodic) array, and could not handle the high wind 

speeds and rough weather here. One poor radar engineer, 
years ago, had the terrible experience of going outside and 
finding that one antenna had fallen over and hit another 
one, like a domino effect. This is my worst fear as I have no 
idea what I would do to fix that!”

“The current antenna design is a twin-terminated folded 
dipole, and has a much smaller surface area for the wind to 
catch. This upgrade was done during the 2008/2009 take-
over. The radar was further upgraded from an analogue 
system to a digital system in the takeover of 2013/2014. 
The current digital radar was designed and built in-house at 
SANSA in collaboration with the Australians.” 

“I have had to climb the antennas a few times during the 
year and found that it is a rather exhilarating experience. 
We never climb in wind speed above 10 knots, and even at 
10 knots it’s unforgiving. I try for around five knots as the 
wind chills you to the bone and makes simple tasks like 
tying knots extremely difficult.”

“The radar is working brilliantly and has only given me a few 
curve balls to figure out during the year. So far, it has been 
a fun and interesting experience.”

This article is adapted from the August 2019 edition of the 
SANAE IV Newsletter.

THEME | SUPERDARN

The 16 SuperDARN antennas are about 25 meters high and 
have to be climbed for inspection in case anything is broken 
or needing to be replaced.
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The Radar Engineer’s Report
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Harmful algal blooms in the sea are commonly called 
‘red tides’, but the colour depends on the pigments in 
the phytoplankton species.

Harmful algal blooms are typically associated with excess 
nutrients, but in South Africa’s marine environment 
the nutrient source is normally upwelling, which brings 
nutrient-rich bottom water to the surface. Upwelling 
driven by strong south-easterly winds in spring and 
early summer favours the development of diatom 
blooms on the West Coast, while dinoflagellate blooms 
tend to develop in the calmer months of late summer 
and autumn. This is partly because dinoflagellates can 
maintain their position in the sunlit surface waters by 
beating their whip-like flagella, while diatoms need 
well-mixed, turbulent water to prevent them sinking 
to the dark depths. Onshore currents transport the 
dinoflagellate blooms inshore and condense them 
further, particularly in sheltered bays. Depending on the 
species and its dominant pigments, blooms can colour 
the water various shades of red, green, brown, yellow 
or purple.

THEME | HARMFUL ALGAL BLOOMS
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OCIMS Fisheries and Aquaculture Decision 
Support Tool
The Oceans and Coast Information Management System 
(OCIMS) is an initiative of Operation Phakisa, a government 
strategy to unlock the economic potential of South 
Africa’s oceans. The CSIR was nominated by the national 
environmental department in mid-2015 to co-develop and 
implement OCIMS, which is intended to provide information 
relevant to stakeholders in a user-friendly manner. OCIMS 
includes a number of tools, including the vessel-tracking 
one featured in Quest Vol. 15.2 (ZACube-2 article), and the 
Fisheries and Aquaculture Decision Support Tool, generally 
called the ‘HABs app’, although it is not currently optimised 
for mobile phones.

As their name implies, Harmful Algal Blooms (HABs) have a 
range of detrimental impacts, potentially affecting human 
and animal health, and sometimes causing enormous 
economic losses. While monitoring in the form of regular 
cell counts and chlorophyll measurements can indicate 
a bloom’s presence in an area, the view from space 
provided by satellite imagery can give advance notice of 
its development and approach.

Here, Quest reports on early warning systems for HABs in 
the marine and freshwater environments.

The need for a HABs-
specific tool was 
recognised from the 
outset, because a 
few months before 
the project began a 
rock lobster ‘walkout’ 
associated with a bloom 
at Elands Bay on the 
West Coast had resulted 
in the death of some 
200 tons of the animals 
– commonly known 
as crayfish or kreef – 
valued at over R100 
million. This was just the 
latest in a long history of 
such events, which are 
caused by rock lobsters 
moving into shallow 
water in search of oxygen, and then getting washed up onto 
the shore by wave action, or stranded at low tide. 

Like all plants, phytoplankton such as diatoms and 
dinoflagellates release oxygen through photosynthesis 
and take up oxygen for respiration, but they occur in such 
dense concentrations in a bloom that oxygen may be used 
up faster than it can be produced. This results in oxygen 
depletion – or hypoxia – of the water column, typically in 
the early hours before sunrise, when photosynthesis begins 
again. What’s more, the bloom begins to die off as it uses up 
the available nutrients, and respiration by bacteria involved 
in the decomposition process further reduces oxygen levels.

Apart from causing low-oxygen conditions, HABs can 
suffocate fish and other marine organisms by clogging or 
irritating their gills to the point that they cannot extract 
enough oxygen from the water. And some HABs are 
composed of toxin-producing phytoplankton species that 
cause mass mortalities of marine life, as well as shellfish 
poisoning in humans. Filter-feeding organisms, such 
as mussels and oysters, accumulate the toxins, which 

Truckloads of dead abalone were transported to waste 
disposal sites in Hermanus when a harmful algal bloom caused 
mass mortalities in aquaculture farms in early 2017. 
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The dinoflagellate Lingulodinium 
polyedrum has formed extensive 
blooms along the south coast in 
recent years, and contributed to 
losses at abalone farms estimated 
at over US$30 million in 2017.
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necessitates periodic suspension of harvesting operations 
at aquaculture farms on the West Coast.

However, it was a toxic HAB event affecting the land-
based abalone farms in Gansbaai and Hermanus on the 
south-west coast that prompted the CSIR to make a draft 
version of the HABs app available in mid-2017. Earlier that 
year, a bloom dominated by two yessotoxin-producing 
dinoflagellate species, Lingulodinium polyedrum and 
Gonyaulax spinifera, caused abalone mortalities amounting 
to over 250 tons, worth an estimated US$33 million. A 
similar bloom occurred in 2019, but this time there were no 
reported mortalities because – based on information from 
the HABs app and additional support from the scientists 
behind it – the abalone farms were able to shut off their 
intake pumps when the bloom approached, and rely on 
the filtration and recirculation systems they’d invested in 
since the 2017 event to recycle seawater through the tanks 
for a few days at a time. 

The HABs app initially used data from the Moderate 
Resolution Imaging Spectroradiometer (MODIS) on NASA’s 
Terra and Aqua satellites, but now relies primarily on the 
Ocean and Land Colour Imager (OLCI) on the European 
Space Agency’s Sentinel-3 satellites. These sensors detect 
spectral variations in reflectance, which is essentially a 
measure of the sunlight reflected back from the ocean 
once it has been ‘scattered’ and absorbed by the water 
and its constituents. Estimates of the concentration 
(mg/m3) of the photosynthetic pigment chlorophyll-a, 
which serves as a proxy for phytoplankton biomass, are 
derived using algorithms that have been optimised for 
South Africa’s coastal waters.

Dr Stewart Bernard, the CSIR’s principal researcher 
heading the development of the OCIMS remote sensing 
products, explains that although other online platforms 
– such as NASA’s State of the Oceans and EUMETSAT’s 

The OCIMS ‘HABS app’ shows a remote sensing image depicting the chlorophyll concentration of a dense bloom (in red) in 
St Helena Bay on the West Coast, and a HAB Risk panel indicating bloom persistence. Sea surface temperature (SST) images 
are also available.

EUMETView websites – show chlorophyll too, they use 
standard algorithms that work best for deep oceanic 
waters, rather than the highly productive and relatively 
shallow coastal waters of the Benguela upwelling system, 
west of Cape Agulhas.

More specifically, the standard algorithms use reflectance 
in the blue and green region of the electromagnetic 
spectrum, while reflectance in the red and near-infrared 
(NIR) region is preferred for deriving chlorophyll estimates 
in coastal and inland waters, which typically have much 
higher biomass of vegetative material. However, coastal 
upwelling brings bottom waters to the surface, and newly 
upwelled water is very clear because it is practically devoid 
of phytoplankton.  

Dr Bernard’s colleague, Dr Marie Smith, found that the 
most accurate results are obtained for South Africa’s 
upwelling regions if a blue-green algorithm is used for 
low and moderate biomass, and a red-NIR algorithm for 
moderate to high biomass, with a weighted blend of the 
two in the transition between these two categories. The 
HABs tool now makes use of this ‘switching’ algorithm, 
which ensures that phytoplankton biomass is not 
overestimated.

More recent research has even allowed for differentiation 
between blooms made up of dinoflagellates versus those 
dominated by Pseudo-nitzschia, the only toxin-producing 
diatom known from the Benguela upwelling system. In a 
paper published in Frontiers in Marine Science in February 
2020, co-authors Dr Smith and Dr Bernard outline the 
methodology behind their ‘probabilistic phytoplankton 
community classification’ (PPCC), but stress that it is based 
on a limited dataset, and its accuracy will be refined as 
more data becomes available. What’s needed are more 
examples of field-based radiometric measurements and 
sampling of blooms – so that phytoplankton counts and 
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Using their probabilistic phytoplankton community 
classification (PPCC), the CSIR Ocean Colour team can 
differentiate the algal biomass, indicted by the chlorophyll-a 
concentration (top), into a dinoflagellate bloom with high-
biomass (red) and low-biomass (green) areas, a bloom with 
a high likelihood of Pseudo-nitzschia (yellow), or a mixed 
assemblage bloom with moderate biomass (blue) and low 
biomass (pink). White areas show either cloud, algorithm 
failure, or no data.
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Cyanobacteria are also known as blue-green algae because 
they contain the blue pigment phycocyanin, as well as 
chlorophyll, to harvest light for photosynthesis.

Cyanolakes
In freshwater environments, HABs are a symptom of 
eutrophication, or nutrient enrichment, which is often 
a result of human activities. The cumulative impact of 
wastewater effluents discharged into rivers, as well 
as runoff from fertilised farmlands and golfcourses, 
accelerate the natural build-up of nutrients in water-
bodies downstream. 

The most common HABs in South Africa’s lakes and dams 
are formed not by algae, but by photosynthetic bacteria 
called cyanobacteria, although they are also known as 
blue-green algae. Both names refer to their cyan-blue 
phycocyanin pigment, which acts as an accessory to 
chlorophyll in harvesting light for photosynthesis. 

Like HABs in marine environments, cyanobacteria blooms 
sometimes cause mass mortalities of aquatic life – typically 
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chlorophyll analyses can be done – at approximately the 
same time that the satellites are overhead. The PPCC 
method can nevertheless support existing monitoring 
activities, such as the microscopic counts and species 
identification conducted by the abalone farms, by 
providing information about the size, movement and 
status of blooms.

The PPCC images are not yet available on the HABs app, 
but shared via a Tumblr blog every week to 10 days 
during the HAB ‘season’ in the late summer and autumn 
months, or when high-risk blooms develop. Dr Bernard 
explains that the HABs app makes the satellite imagery for 
chlorophyll and sea surface temperature (SST) routinely 
available to users, but the team also shares information 
via WhatsApp groups and ‘alert’ emails. “As soon as you 
get a situation where there’s a bloom around, people 
really want human interaction – and our ecosystem 
knowledge about what’s likely to happen next – to help 
their decision-making, so we provide advisories and 
additional data,” he says.

This information is provided in collaboration with Dr Grant 
Pitcher, the marine HABs expert at the Department of 
Environment, Forestry and Fisheries (DEFF). He and his 
colleagues have conducted most of the field research 
that has not only improved understanding of HABs in 
the Benguela upwelling system, but also provided data 
needed to validate the ocean colour algorithms.

“The reason we could implement the HABs app was 
because we had a long history of doing a lot of work on 
ocean colour – understanding the signal, building new 
algorithms, doing validation by measuring chlorophyll, 
taking hyperspectral light measurements, and measuring 
the scattering and absorbing properties of water – 
and also on the ecology and oceanography of HABs, 
understanding the role of wind, temperature and 
stratification on bloom growth and movement,” says Dr 
Bernard. “The really exciting part for me is going from 
research to operation – finally we’re taking this mature 
science and making it count.”

•	  The HABs app can be viewed on: 
https://www.ocims.gov.za/hab/app/

https://csiroceancolour.tumblr.com/
https://www.ocims.gov.za/hab/app/
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The CyanoLakes free service provides an advisory on cyanobacteria and nutrient status in large waterbodies, based on remote 
sensing data, while clients get more detailed information and maps. Cyanobacteria blooms can be distinguished from algal 
blooms and floating weeds.

‘fish kills’ – due to oxygen depletion of the water column. 
More importantly, they cause taste and odour problems 
in drinking water supplies, and may produce toxins that 
result in skin, eye and respiratory irritation, as well as 
gastrointestinal effects and even death when people or 
animals drink untreated water. 

Although the standard chlorophyll products obtained from 
satellite data can give an indication of HABs in freshwater 
systems, it was not possible to differentiate between 
cyanobacteria and algal blooms, and get a biomass 
estimate for each, until Mark Matthews* developed an 
algorithm to do so for his PhD, which was supervised by 
Dr Bernard. This was the first algorithm in the world to 
distinguish cyanobacteria and algae in a quantitative way, 
and was well received by the international remote sensing 
community. 

After being awarded his PhD in mid-2014, Dr Matthews 
set up CyanoLakes to provide a public information service 
and early warning system for cyanobacteria blooms. 
He also continued work on the algorithm, including 
enhancing the detection of floating weeds such as water 
hyacinth and salvinia. Furthermore, the algorithm had 
been developed using data from the Medium Resolution 
Imaging Spectrometer (MERIS) on the European Space 
Agency’s Envisat satellite, but the Envisat mission had 
ended in 2012 when communication with the satellite was 
lost. Fortunately, the OLCI sensor on the two Sentinel-3 
satellites – launched in February 2016 and April 2018 – is 
essentially an upgraded version of MERIS, so the algorithm 
just needed to be ‘tweaked’ a little. Additional calibration 
and validation was needed, though, and this was done 
during a two-year research project funded by the Water 
Research Commission (WRC). 
 
The WRC also funded the three-year EONEMP project, 
officially titled ‘The Integration of Earth Observation into 
the National Eutrophication Monitoring Programme’. One 
of the objectives was to apply the algorithm to MERIS 
data for more than 100 waterbodies around the country 
for the period 2002 to 2012 to provide a time series of 
cyanobacteria blooms and eutrophication. This was done 
within six months of the start of the project, and the 
data was integrated into the Department of Water and 
Sanitation’s online Water Management System.

During the project, an operational system was developed 
to automate the processing of satellite data and make the 
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results available to the public via a user-friendly online 
portal. It included information on cyanobacteria cell 
counts and the level of nutrient pollution, based on the 
chlorophyll concentration. Following the completion of 
the project, the EONEMP portal is no longer available, but 
the CyanoLakes website still makes summary information 
available on a ‘dashboard’ as a public service. Colour-
coded icons on an interactive map indicate the health 
risk due to cyanobacteria at a glance, and clicking on an 
icon provides a nutrient pollution status and recreational 
advisory for that waterbody.

Dr Matthews reports that the WRC will be providing 
more funding during 2020, allowing CyanoLakes to offer 
free-tier accounts that will enable anyone to sign up and 
access the most recent information and maps for up to 
three waterbodies of their choice. The funds will also be 
used to develop a mobile app that will mirror the existing 
information on the dashboard as a free service, with 
additional functionality for paid subscribers.

“Since EONEMP ended we’ve commercialised the 
product, and have focused on water utilities as the main 
customers,” explains Dr Matthews. “They’re using it as 
an early warning surveillance tool in their cyanobacteria 
toxin management programmes, to help them with their 
decision-making. Just being able to see what’s going on in 
their reservoirs is a game changer for them, but we also 
provide lots of support services, helping them understand 
the data and have confidence in it by comparing it with 
their own measurements.” 

The existing clients are all in the United States and 
Australia, but demonstration projects will soon be 
conducted with South Africa’s largest water utilities – 
Rand Water, Umgeni Water and City of Cape Town – using 
funding from WADER (Water Technologies Demonstration 
Programme, a WRC and Department of Science and 
Innovation partnership). These three utilities already 
have comprehensive protocols in place for monitoring 
cyanobacteria and adjusting water treatment processes 
when blooms occur, but the CyanoLakes service would 
potentially allow them to reduce their sampling and 
laboratory costs. 

•	  The CyanoLakes free service can be viewed on:  
https://online.cyanolakes.com/

* No relation to the Quest Editor.

https://online.cyanolakes.com/
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Quest reports on pathogens that 
jump the species barrier

The scientific consensus is that SARS-CoV-2, the corona-
virus responsible for the COVID-19 pandemic, probably 
originated in bats. Less clear at present is how it ‘jumped’ to 
humans. It’s likely that an intermediate host was involved, 
the initial suspects being snakes or pangolins, both of which 
are traded in the ‘wet markets’ of Wuhan, China, where 
COVID-19 was first detected. 

When the earlier Severe Acute Respiratory Syndrome (SARS) 
outbreak occurred in China in late 2002, the disease was 
linked to palm civets. These animals, from the same family 
as genets, are also sold in markets and eaten as a delicacy 
in China. A few years later, it was realised that civets were 
an intermediate host, but horseshoe bats probably serve as 
the reservoir of the virus. Likewise, Middle East Respiratory 
Syndrome (MERS) – first identified in Saudi Arabia in 
2012 but with ongoing sporadic outbreaks – is known to 
be passed to humans from camels, but genetic analysis 
has indicated that the virus originated in bats and was 
transmitted to camels sometime in the distant past. 

All of these viruses are coronaviruses, but bats are also 
known to harbour other kinds of viruses that cause diseases 
in humans and the animals they keep. As a result, bats have 
become the subject of intense research effort by virologists 
around the world, as well as in South Africa. Stellenbosch 
University, for example, has awarded two PhDs on the 
subject, with Ndapewa Ithete having investigated viruses 
in bats, rodents and shrews for her thesis, completed in 
2013, while Nadine Cronjé focused in on coronaviruses in 
southern African bat populations for her study, which she 
finished in 2017. 

But it is the University of Pretoria that has been producing 
much of the research output in recent years, under the 
leadership of Prof. Wendy Markotter. She not only occupies 
the DST-NRF South African Research Chair in ‘Infectious 
Diseases of Animals (Zoonoses)’, but is the Director of the 
university’s Centre for Viral Zoonoses, established in 2016 
to strengthen collaboration between researchers in the 

three faculties of Health Sciences, Natural and Agricultural 
Sciences, and Veterinary Science. Prof. Markotter also 
heads the centre’s Biosurveillance and Ecology of Emerging 
Zoonoses (BEEZ) research group. Apart from collecting data 
on pathogen presence in bats and other small mammals 
in various African countries, the BEEZ group studies host 
ecology and environmental factors so that the conditions 
leading to ‘spillover’ from these animals to people can be 
determined. 

Many zoonotic diseases are endemic in certain regions, 
where they represent an ongoing threat to people. These 
include rabies, Rift Valley Fever, tick bite fever, sleeping 
sickness, leptospirosis, brucellosis and bovine tuberculosis, 
among many others. New zoonotic diseases – such as 
COVID-19, avian influenzas and the Zika virus – are referred 
to as ‘emerging’. The World Health Organisation (WHO), the 
United Nations Food and Agriculture Organisation (FAO) 
and the World Organisation for Animal Health (OIE) agreed 
in 2004 on the following definition: “An emerging zoonosis 
is a zoonosis that is newly recognised or newly evolved, 
or that has occurred previously but shows an increase 
in incidence or expansion in geographical, host or vector 
range”.

In 2009, during the H1N1 influenza (‘swine flu’) pandemic 
that started in the United States and spread around 
the world, the United States Agency for International 
Development (USAID) launched its Emerging Pandemic 
Threats (EPT) programme to pre-empt or combat other 
diseases that could cause future pandemics. In the initial 
phase, the programme sought to build capacity in 20 
countries around the world, with technical assistance from 
the US Centres for Disease Control and Prevention (CDC). It 
consisted of four projects:

A zoonosis (plural: zoonoses) is any disease or infection 
that can be transmitted from vertebrate animals to 
humans. A zoonotic agent may be a bacterium, virus, 
fungus or parasite. Sometimes an invertebrate vector 
may be involved, as when a tick carries Rickettsia africae 
bacteria from cattle or wildlife to people, potentially 
causing African tick bite fever. Nearly 75% of all new 
human diseases are zoonoses, and the threat is 
growing due to drivers such as human encroachment 
into natural areas, habitat destruction, agricultural 
intensification, the wildlife trade, climate change and 
globalisation.
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Zoonosis

Bats perform vital ecosystem services such as pollination, 
seed dispersal and pest control, but they are also natural 
reservoirs for a variety of viruses.
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•	  PREDICT focused on the detection and discovery of 
zoonotic diseases at the wildlife–human interface,   

•	  PREVENT focused on characterising risks associated with 
disease transmission between animals and people, and 
developing risk-mitigation strategies,

•	  IDENTIFY focused on strengthening laboratory capacity 
to safely diagnose and report common animal and 
human pathogens, and was implemented by the WHO/
FAO/OIE alliance,

•	  RESPOND focused on pre-service workforce training, 
and strengthening outbreak response capacity.

In 2014 the EPT programme was renewed for a second five-
year phase, and the PREDICT project along with it. It was 
due to cease in March 2020, but following press coverage 
and political lobbying after COVID-19 had been declared a 
pandemic, the project was given a six-month extension to 
provide emergency support to other countries for outbreak 
response, including technical support for early detection of 
SARS-CoV-2. During its 10-year lifespan, PREDICT-associated 
researchers had detected almost 1 000 novel viruses (i.e. 
‘new’ viruses that had not previously been identified), 
including over 100 coronaviruses and an ebolavirus. They 
had also sampled some 130 000 animals, mostly bats, and 
strengthened laboratory systems in more than 60 labs 
around the world. 

The PREDICT project was led by the One Health Institute 
of the University of California, Davis, School of Veterinary 
Medicine, which USAID has now awarded a five-year project 
called One Health Workforce – Next Generation. It will 
expand upon the One Health Workforce project led by the 
University of Minnesota during the second phase of the 
EPT programme, providing training in selected countries to 
build capacity relating to disease threats using a One Health 
approach. 

So what exactly is One Health? The CDC describes it as a 
collaborative, multisectoral and transdisciplinary approach 
– working at the local, regional, national and global levels 
– with the goal of achieving optimal health outcomes, 
recognising the interconnection between people, animals, 
plants and their shared environment.

South Africa was not one of the African countries 
selected for intervention as part of the EPT programme, 
because it was already benefiting from such training and 
capacity-building initiatives through the CDC, which had 
established an office here in 1995 to assist with HIV and TB 
programmes. A decade later, the need to help strengthen 
surveillance, laboratory and workforce capacity for 
influenza and other epidemics was recognised, so a number 
of additional initiatives were rolled out over time. 

For example, the South African Field Epidemiology Training 
Programme (SAFETP) was introduced from 2007 and 
continues to this day, with an average of 10 candidates per 
year being accepted for the two-year, full-time residency. 
It began as a collaboration between the CDC and the 
National Department of Health, the National Institute 
of Communicable Diseases (NICD) and the University of 
Pretoria, but Wits University is now involved too.

In July 2010, South Africa was selected by the CDC to be 
one of the 10 countries in which it would establish a Global 
Disease Detection Regional Centre. The South Africa 
Regional Global Disease Detection Centre (SARGDDC) was 
set up in partnership with the NICD, which is a division of 
the National Health Laboratory Service (NHLS). Funding 
and technical assistance to strengthen laboratory and 
surveillance systems was provided through the CDC’s 
International Emerging Infections Programme. 

In 2014 a One Health programme was initiated at 
SARGDDC, with a major focus on the expansion of zoonotic 
disease surveillance. The programme’s director was Prof. 
Marietjie Venter, who had worked on zoonotic viruses at 
the NICD before joining the University of Pretoria in 2005. 
In 2016 she returned to the university to head the Zoonotic 
Arbo- and Respiratory Virus (ZARV) research group in the 
newly established Centre for Viral Zoonoses.

Meanwhile, by 2012 the NICD had established the Centre 
for Emerging Zoonotic and Parasitic Diseases (CEZPD) 
by amalgamating six former sections. Headed by Prof. 
Janusz Paweska, the CEZPD has a strong track record in 
the diagnosis, surveillance and research of pathogens 
of public health importance. Members of the team have 
been involved in much of the aforementioned research on 
viruses in bats, and have participated in Ebola, Marburg and 
Rift Valley Fever outbreak responses elsewhere in Africa. 
They are now heavily engaged in SARS-CoV-2 work that will 
facilitate development of diagnostics, vaccines, molecular 
epidemiology and clinico-pathological studies.

•	  Watch this explainer video for more information:
  https://ed.ted.com/lessons/how-do-viruses-jump-from-

animals-to-humans-ben-longdon
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The USAID’s Emerging Pandemics Threat programme provided 
training in laboratory techniques for virus detection in a 
number of countries in Africa.
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Homo erectus, or ‘upright man’, is considered our earliest 
ancestor with nearly human-like anatomy and aspects 
of behaviour. Its fossil remains were first discovered in 
1891 on the Indonesian island of Java, but until recently 
the oldest known Homo erectus fossils, dated to 1.8 million 
years ago, were from Dmanisi in Georgia, sandwiched 
between Turkey and Russia on the eastern edge of the 
Black Sea. Other important fossil finds from East Africa have 
supported the theory that Homo erectus arose in that part of 
the continent before migrating into Europe and Asia. 

But the discovery of a Homo erectus fossil in South Africa 
has shown that the species existed 150 000 to 200 000 
years earlier than previously thought, and was already 
further south. What’s more, the additional find of a new 
Paranthropus robustus fossil at the same site has indicated 
that – given the overlapping timeline – the two species 
would have been sharing the landscape two million years 

ago with Australopithecus sediba. Both Paranthropus robustus 
and Australopithecus sediba were hominins from a ‘side 
branch’ of our evolutionary tree, rather than our direct 
ancestors.

This important finding was outlined in the research article 
‘Contemporaneity of Australopithecus, Paranthropus, and early 
Homo erectus in South Africa’, published in the journal Science 
in early April. Lead author Prof. Andy Herries is from La Trobe 
University in Australia, while his 26 co-authors are from 
13 institutions in five countries, including the University of 
Johannesburg and University of Cape Town in South Africa.

The fossils are cranial bones from the top of the skull, and 
were unearthed at the Drimolen archaeological site, which 
is part of the Cradle of Humankind, situated north-west 
of Johannesburg. Drimolen’s ‘main quarry’ site is a former 
cave that was mined for its lime in the early 1900s. Its 
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Tweaking the timeline of 

Quest reports on a fossil discovery that suggests at least three hominin 
species lived in the Cradle of Humankind two million years ago

HUMAN EVOLUTION
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archaeological potential was discovered by André Keyser 
in July 1992, and by April 2000 – when papers describing 
its fossils were published in the South African Journal of 
Science – almost 80 hominin specimens had been found 
by Keyser and his collaborators. These were mostly 
teeth, jawbones and fragments of other bones from both 
Paranthropus robustus and unidentifiable Homo species, but 
more significant was Keyser’s discovery in 1994 of the most 
complete Paranthropus robustus skull ever found.

After Keyser’s death in 2010, Colin Menter directed research 
and excavations at the site for the following six years, and 

then Stephanie Baker of the University of Johannesburg’s 
Palaeo-Research Institute took over the permit in 2017. She 
acts as co-Director of the Drimolen excavation activities with 
Prof. Herries, who manages an Australian Research Council 
Discovery Project at the site. There’s been considerable 
international involvement at Drimolen for many years, 
though, with annual field schools offered by foreign 
universities since 2006. Initially these were operated by two 
universities in Italy and Canada, but more recently run in 
collaboration with La Trobe University – where Prof. Herries 
heads the Department of Archaeology and History – and 
Washington University in St Louis (Missouri, USA). 
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Drimolen is a former dolomitic cave, the roof of which has eroded away. The ‘main quarry’ was excavated during lime-mining in 
the first half of the 20th century.

A 3D laser scan of Drimolen main quarry showing the discovery 
location of the new Homo erectus (DNH 134) and Paranthropus 
robustus (DNH 152) crania relative to the position of the complete 
Paranthropus robustus skull (DNH 7) found by Keyser in 1994. 

Co-director of the Drimolen excavations and University of 
Johannesburg PhD candidate, Stephanie Baker, with the Homo 
erectus skull, thought to be that of a small child. It was pieced 
together from about 150 individual fragments.
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It was one of these field school students who found the first 
fragments of what turned out to be the Homo erectus skull. 
“We could see that they were parts of a skull. But they 
weren’t immediately identifiable,” said Stephanie. “Over the 
course of the field season, more and more fragments were 
uncovered. We began piecing them together. No one could 
decide what this skullcap was from, until one night it all 
came together – and we realised we were looking at 
a hominin!”

Eventually, through a painstaking process of careful 
scraping and brushing, about 150 individual fragments 
were collected. One of Prof. Herries’ PhD students 
at La Trobe University, Jesse Martin, was tasked with 
assembling them all properly, back in the lab. At the end 
of April, following the publication of the research, he was 
interviewed on a science programme called Einstein A Go-
Go on the Melbourne-based radio channel Three Triple R 
(102.7FM, 3RRR). The host, Dr Shane, remarked that many 
people were doing jigsaw puzzles during lockdown, but 
generally they had the picture on the box to guide them. 
He asked Jesse how he’d managed to reconstruct the skull 
out of 150 weathered pieces, with no idea of what it was 
supposed to look like.

“Very very slowly, and very very carefully,” quipped Jesse. 
“But you’ve described it perfectly – it really is just a big 
three-dimensional jigsaw puzzle. You certainly don’t have 
the picture of what it’s supposed to look like, but – to follow 
the metaphor – you’re also missing a good portion of the 
pieces. So when you start putting it back together, you 
work from the biggest bits to the smallest bits. You try and 
get – like a jigsaw puzzle – some of the more distinct parts 
together, and from that you can build the small parts.”

He added that the smallest parts were about a third of the 
size of his pinky fingernail. Fortunately, his efforts earned 
him second authorship on the Science paper, but he expects 
to be busy with his PhD for another year at least.

On the day the paper was published, La Trobe University 
issued a media release in which Prof. Herries was quoted 
as saying, “The Homo erectus skull we found, likely aged 
between two and three years old when it died, shows its 
brain was only slightly smaller than other examples of adult 
Homo erectus. It samples a part of human evolutionary 
history when our ancestors were walking fully upright, 
making stone tools, starting to emigrate out of Africa, but 
before they had developed large brains.”

The University of Johannesburg also put out a media 
release, which gave more detail about the dating 
techniques used. While on site, the field research team had 
collected soil samples from around the fossils as well as 
fragments of small animals, such as bats and lizards, with 
their positions precisely recorded and then mapped, based 
on a 3D laser scan of the site. Later, every possible available 
dating technique, namely palaeomagnetism, electron spin 
resonance, uranium-lead dating and faunal dating, was 
used to pin down an accurate date for the deposit. 

The results showed that the Homo erectus and Paranthropus 
robustus fossils found by the team date to 2.04–1.95 
million years ago, making each the oldest example of its 
species ever found. If both hominins did indeed co-exist 
with Australopithecus sediba, which is known from fossils 
discovered in Malapa Cave, about 10 km away, they might 
have needed to use different parts of the landscape to 
avoid competing with one another.

“Paranthropus robustus ate things like roots and tubers, 
which is why their teeth are really big,” Stephanie explained. 
“They used their enormous teeth for grinding down what 
we call fall-back foods – tough, hard plants.”

In comparison to the other two species, Homo erectus 
hominins were tall and slender. They ate more easily 
digestible foods, such as fruits and berries, as well as meat, 
which they probably scavenged initially from carnivore kills.

“We also know that they were able to cover long distances. 
Which turned out lucky for them, because during their 
time, the climate changed in southern Africa,” she added. 
“Paranthropus and Australopithecus evolved in warm and 
humid climates, and were used to that. But then the 
weather began to shift from warm and humid, to cool 
and dry.” 

Gradually the tree cover diminished, and the landscape 
became dominated by grasslands. The cooler weather 
suited the more mobile and social Homo erectus better, and 
it was able to thrive. In fact, fossil evidence reveals that the 
species was still around as recently as 110 000 years ago. 
Compare this long existence to that of our species, Homo 
sapiens, which only arose 300 000 years ago.

But lest we presume that we’re in for a similarly long reign 
on Earth, Prof. Herries sounds a cautionary note. 

“As the last surviving human species, we should not think 
we are immune to the same fate as Australopithecus, who 
likely became extinct as a result of the changing climate two 
million years ago.”

•	  For a good overview of research conducted at Drimolen, 
search YouTube for ‘Drimolen palaeocave’.

A Drimolen field school team, with Stephanie Baker at front 
left, Prof. David Strait at back left and Prof. Andy Herries 
at back right. The field school has fee-waiver scholarships 
for African students and supports UJ’s palaeo-anthropology 
honours programme.

A
nd

y 
He

rri
es

, T
w

itt
er

CURRICULUM CORNER
LIFE SCIENCES: GRADE 10
History of life on Earth: Fossil formation and dating

LIFE SCIENCES: GRADE 12
Human evolution: Out of Africa hypothesis   

FEATURE | PALAEONTOLOGY



QUESTONLINE.ORG.ZA  Quest Vol. 16 No. 2 | 2020     29

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 off 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 off ers extensive sporting, cultural and 
extramural facilities.

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

• We off 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 off er excellent teaching and academic support.  
Over 600 academic and support staff  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 fi elds.

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

*  Visit our websit: caes.ukzn.ac.za    *    Find us on Facebook : www.facebook.com/ukzn1 

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

*  Email us on frosts@ukzn.ac.za



30 Quest Vol. 16 No. 2 | 2020 QUESTONLINE.ORG.ZA

JUPITER’S water mystery
NASA’s Juno spacecraft captured this image of Jupiter’s 
southern equatorial region in September 2017. The image is 
oriented so Jupiter’s poles (not visible) run left-to-right of frame.

NASA’s Juno mission has provided its first science results 
on the amount of water in Jupiter’s atmosphere. Published 
recently in the journal Nature Astronomy, the Juno results 
estimate that water makes up about 0.25% of the molecules 
in Jupiter’s atmosphere at the equator – almost three times 
that of the Sun. 

These are the first findings on the planet’s abundance of 
water since the agency’s 1995 Galileo mission suggested 
Jupiter might be extremely dry compared to the Sun 
(the comparison is based not on liquid water but on its 
components, oxygen and hydrogen, present in the Sun).

An accurate estimate of the total amount of water in 
Jupiter’s atmosphere has been on the wish lists of planetary 
scientists for decades. It represents a critical missing piece 
to the puzzle of our solar system’s formation, given that 
Jupiter was likely the first planet to form, and it contains 
most of the gas and dust that wasn’t incorporated into the 
Sun.

The leading theories about its formation rest on the amount 
of water the planet soaked up. Water abundance also 
has important implications for Jupiter’s meteorology and 
internal structure. Although Voyager and other spacecraft 
observing Jupiter had detected lightning – a phenomenon 
fuelled by moisture – an accurate estimate of the amount of 
water deep within Jupiter’s atmosphere remained elusive.

Before the Galileo probe stopped transmitting in December 
1995, it radioed out spectrometer measurements of the 
amount of water in Jupiter’s atmosphere down to a depth 
of about 120 km, where the atmospheric pressure reached 
about 22 bar. The scientists working on the data were 
dismayed to find 10 times less water than expected.

Even more surprising, the amount of water the Galileo 
probe measured appeared to be still increasing at the 
greatest depth measured, far below where theories 
suggest the atmosphere should be well mixed. In a well-
mixed atmosphere, the water content is constant across 
the region and more likely to represent a global average 
– in other words, it’s more likely to be representative of 
water planet-wide. When combined with an infrared map 

obtained at the same time by a ground-based telescope, 
the results suggested the probe mission may have just 
been unlucky, sampling an unusually dry and warm 
meteorological spot on Jupiter.

“Just when we think we have things figured out, Jupiter 
reminds us how much we still have to learn,” said Scott 
Bolton, Juno principal investigator at the Southwest 
Research Institute in San Antonio, Texas. “Juno’s surprise 
discovery that the atmosphere was not well mixed, even 
well below the cloud tops, is a puzzle that we are still trying 
to figure out. No one would have guessed that water might 
be so variable across the planet.”

Measuring water from above
A rotating, solar-powered spacecraft, Juno was launched in 
2011 with a mission to obtain water abundance readings 
across large regions of the immense planet. Its microwave 
radiometer – a new kind of instrument for deep space 
planetary exploration – observes Jupiter from above using 
six antennas that measure atmospheric temperature 
at multiple depths simultaneously. The measured 
temperatures are used to constrain the amount of water 
and ammonia in the deep atmosphere, as both molecules 
absorb microwave radiation.

The Juno science team used data collected during the 
spacecraft’s first eight science flybys of Jupiter to generate 
the findings. They initially concentrated on the equatorial 
region because the atmosphere there appears more well 
mixed, even at depth, than in other regions. From its orbital 
perch, the radiometer was able to collect data from 150 km 
into Jupiter’s atmosphere, surpassing the record set by the 
Galileo probe.

“We found the water in the equator to be greater than what 
the Galileo probe measured,” said Cheng Li, a Juno scientist at 
the University of California, Berkeley. “Because the equatorial 
region is very unique at Jupiter, we need to compare these 
results with how much water is in other regions.”

NEWS | JUPITER
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Northward bound
Juno’s 53-day orbit then moved northward, as intended, 
bringing more of Jupiter’s northern hemisphere into 
sharper focus with each flyby. The science team is eager to 
see how atmospheric water content varies by latitude and 
region, as well as what the cyclone-rich poles can tell them 
about the planet’s global water abundance.

Juno’s 25th science flyby of Jupiter occurred on April 10, 
2020.

“Every science flyby is an event of discovery,” said Bolton. 
“With Jupiter there is always something new. Juno has 
taught us an important lesson: we need to get up close and 
personal to a planet to test our theories.”

•	  The public can follow the mission on Facebook and 
Twitter at ‘NASAJuno’.

Issued by NASA and Southwest Research Institute.
NASA’s Jet Propulsion Laboratory in Pasadena, California, 
manages the Juno mission for the principal investigator, 
Scott Bolton, of the Southwest Research Institute. Juno is part 
of NASA’s New Frontiers Programme, which is managed at 
NASA’s Marshall Space Flight Centre in Huntsville, Alabama, for 
NASA’s Science Mission Directorate. The Italian Space Agency 
contributed the Jovian Infrared Auroral Mapper and the Ka-
Band translator system. Lockheed Martin Space in Denver built 
and operates the spacecraft.

Jupiter: 10 facts

1.  Jupiter is the largest planet in the solar system, being 
approximately 143 000 km wide at its equator. 

2.  It is more than twice as massive as all the other 
planets combined. More than 1300 Earths would fit 
inside Jupiter!

3.  Jupiter is the fifth planet from the Sun, with about 
775 000 km of space between them. 

4.  Its average distance from the sun is 5.2 astronomical 
units, or AU. This is a little more than five times the 
distance from Earth to the Sun (1 AU). 

5.  Jupiter rotates once every 10 hours (a Jovian day), but 
takes about 12 Earth years to complete one orbit of 
the Sun (a Jovian year). 

6.  When viewed from Earth, Jupiter is usually the second 
brightest planet in the night sky, after Venus. 

7.  Jupiter is called a gas giant planet. Its atmosphere is 
made up mostly of hydrogen gas and helium gas, like 
the Sun. Its stripes and swirls are cold, windy clouds 
of ammonia and water. 

8.  Jupiter’s Great Red Spot is a giant storm – bigger than 
Earth – that has raged for hundreds of years.

9.  Jupiter has more than 75 moons. The largest are 
Ganymede, Callisto, Io and Europa. These four moons 
are called the Galilean satellites because they were 
discovered by Italian astronomer Galileo Galilei in the 
year 1610.

10.  The planet is named after Jupiter, the king of the 
Roman gods in mythology.

NASA
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Glaucoma
The genetic link
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FEATURE | GLAUCOMA

Glaucoma is the most common cause of irreversible 
blindness in the world. It’s estimated that by 2040 there will 
be about 112 million people in the world with glaucoma 
– mostly in Africa and Asia. The best that medical science 
can do at present is identify it early and slow or halt its 
progression.

The disease affects the optic nerve, which normally sends 
signals from the eye to the brain. With glaucoma, this nerve 
doesn’t work properly. The first sign is loss of peripheral 
vision. This gradually progresses to tunnel vision and, 
ultimately, blindness.

The most important risk factor for developing glaucoma 
is having high pressure inside the eyeball. Reducing this 
pressure is currently the only way to treat glaucoma. It’s 
done with eye drops, laser treatment or surgery.

The most common type of glaucoma is primary open-
angle glaucoma, which typically begins in middle to older 
age. Visual loss is only noticeable at an advanced stage of 
the disease. It’s more common in populations of African 
descent than in those with European or Asian ancestry. In 
African populations it starts at an earlier age and progresses 
faster. The prevalence of primary open-angle glaucoma in 
Africans between the ages of 40 and 80 is about 4.2%.

The cause and mechanisms underlying this condition are 
poorly understood. But it’s known that family members of 

affected individuals are much more likely to get the disease. 
We conducted a study to identify genetic risk factors for 
primary open-angle glaucoma in African populations.
Identifying glaucoma-associated genetic factors could make 
it easier to identify patients at risk before they develop the 
disease. It could also shed light on the cause and unlock 
new treatments.

We found a new genetic association that may help us 
achieve these goals.

Existing knowledge and gaps
Most primary open-angle glaucoma is inherited in a 
complex manner. In other words, there is not just one 
mutation in a single gene that is sufficient to cause the 
disease. Rather, there are small variations in several genes 
that contribute to an increase in risk for the disease.

Genetic risk factors have been identified using association 
studies. In these studies thousands of affected individuals 
are compared with even larger numbers of unaffected 
individuals. This identifies associations between certain 
genes and either glaucoma or characteristics associated 
with glaucoma (like high pressure inside the eye). Each 
association provides information about the diseases.

Most of these studies have been performed on European 
populations. Genetic enquiry in African populations is 

Susan Williams explains how African genetic studies offer hope 
for preventing a common cause of blindness
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challenging because there is so much more diversity within 
African genomes.

The genome is the complete set of genetic material we 
carry in all the cells of our bodies. Genes are the parts of 
the genome that contain instructions to make proteins. All 
humans’ genomes are almost identical but tiny variations 
occur. It is these ‘variants’ that determine our individuality. 
The more ancient a population, the more time there has 
been for ‘variants’ to develop and the more genetic diversity 
there will be in that population.

This diversity means that African populations are valuable 
in studies of the links between genes and diseases like 
glaucoma.

We found new associations
Our group of researchers (the Genetics of Glaucoma in 
People of African Descent Consortium) recently published 
an association study of close to 10 000 primary open-angle 
glaucoma patients of African descent.

We identified a new association, with a gene called APBB2. 
It occurs in all populations, but the variant associated with 
glaucoma was only found in Africans.

We demonstrated that this genetic variant results in 
increased amyloid deposition in both the eye and the part 
of the brain responsible for vision. Amyloid is a protein that 
is toxic to brain tissue and is associated with Alzheimer-type 
and related dementias. We can’t yet say for certain that 
amyloid depositions cause glaucoma, but this seems likely. 
If further studies can prove this, drugs that were developed 
to treat dementias might be useful to treat primary open-
angle glaucoma. 

There is no evidence that glaucoma occurs more frequently 
in individuals with dementia or vice versa. But this study 
found a genetic link that could help explain how the optic 
nerve is damaged in glaucoma.

We recently confirmed this direct genetic link in a large 
analysis of data from different studies all over the world. 
The analysis identified another three genes that are known 
to cause Alzheimer-type dementias and are also associated 
with primary open-angle glaucoma.

How this could change management of 
glaucoma
Discovering the genetic associations of an inherited disease 
is an important step. It identifies biological pathways that 
may cause the disease.

In a complex condition like primary open-angle glaucoma, it 
is likely that there are several different pathways involved, 
which all end up with damage to the optic nerve. Only 
by studying multiple populations will a true picture of all 
the genetic associations emerge. There may already be 
treatments available that target the biological functions of 
these associated genes, and which could then be used to 
treat glaucoma. Alternatively, new treatments targeting these 
functions could be developed specifically for glaucoma.

Knowing about genetic associations in specific populations 
will make it possible to focus prevention and treatment 
on those who will benefit most, sparing expense and side 
effects from those who will not.

Ultimately genetics could pave the way for precision 
medicine in glaucoma: tailoring care to the individual patient.

•	  The Genetics of Glaucoma in People of African Descent 
(GGLAD) Consortium, 2019. Association of genetic 
variants with primary open-angle glaucoma among 
individuals with African ancestry. JAMA. 322 (17): 1682-
1691. doi:10.1001/jama.2019.16161

Dr Susan Williams is a lecturer in ophthalmology at the 
University of the Witwatersrand, where she completed both 
her undergraduate medical degree and her specialist training 
in ophthalmology. She received a PhD in ophthalmology 
and genetics in 2013, and conducts research as part of a 
postdoctoral fellowship funded by the Carnegie Corporation 
of New York. She runs the glaucoma unit at Charlotte Maxeke 
Johannesburg Academic Hospital.

 This article is republished from The Conversation under a 
Creative Commons license (CC BY-ND 4.0).
https://theconversation.com/how-african-genetic-studies-offer-
hope-for-preventing-a-common-cause-of-blindness-135714
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I Glaucoma isifo esiphatha kakhulu abantu abangabokud-
abuka e Africa kunalabo abadabuka e Europe noma e 
Asia. Lesisifo siqala emazingeni aphansi eminyaka, sib-
hebhetheke ngokushesha. Ucwaningo lofuzo lungasiza 
ukuthola izindlela zokusivikela noma zokuselapha.

Translated by Zamantimande Kunene
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NANOTECHNOLOGY
for pollination studies
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Applying what you’ve learnt about nanotechnology in 
cancer research to your own pollination studies… training 
bees to take part in your lab experiments by rewarding 
them with a sustained supply of artificial nectar (i.e. sugar 
water)… designing and 3D printing your own microscopy 
equipment, then making the plans freely available so 
that others can try it too – this is the kind of innovation, 
dedication and collaboration that deserves to receive 
recognition.

Dr Corneile Minnaar, currently a postdoctoral researcher 
at Stellenbosch University, was recently awarded the 
Robert May Prize for the best paper by an early career 
researcher published during 2019 in Methods in Ecology 
and Evolution, one of the British Ecological Society’s journals. 

The research for his winning paper was carried out for his 
PhD, supervised by Prof. Bruce Anderson, who heads the 
Biological Interactions research group in the Department 
of Botany and Zoology at Stellenbosch University. Corneile 
had relocated from Pretoria in 2015 to join the group, as he 
explains in his profile on the group’s webpage.

“I was fascinated by the work on co-evolution that Bruce 
had done, and wanted to do a PhD that strongly addressed 
the role of pollen vectors in shaping floral evolution. Pollen 
vectors are clearly vital to the reproductive success of 
most flowering plants, so understanding how they transfer 
pollen between flowers is crucial in understanding the 
co-evolution between plants and their pollinators. I soon 
realised, however, that up until now pollination biologists 
have been unable to fully understand the role of pollinators 
in floral evolution, because they have been unable to track 
pollen grains as they are transferred from flower to flower.”

Corneile decided to try to develop a technique that would 
allow individual pollen grains to be tracked. He had first 
read about the use of quantum dots in cancer research, 
and knew that these offered an alternative to fluorescent 
dyes for biolabelling. Quantum dots are semiconducting 
nanocrystals that can be made using a variety of different 
elements, and range in diameter from 2 to 10 nm (there 
are a million nanometres in a millimetre). They act as 
artificial atoms, in that they emit energy in the form of light 
when excited by light or electricity. The colour of the light 
produced will depend on the size of the particle – because 
bigger dots emit longer wavelengths (towards the red 
end of the spectrum) than smaller dots – as well as its 

Dr Corneile Minnaar won the British Ecological Society’s Robert 
May Prize for his paper describing the pollen-tracking technique.

NEWS | POLLINATION BIOLOGY

Doses of quantum dot-labelled pollen grains are applied to 
flowers using a micropipette.
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composition and structure. Apart from having applications 
in biological and medical research, quantum dots are 
increasingly used in solar panels, television and display 
screens, and LED lighting. 

Corneile purchased quantum dots that consisted of a 
copper indium selenium sulphide (CuInSeS) core and a zinc 
sulphide (ZnS) shell, making them more ‘environmentally 
friendly’ than the more typical versions containing cadmium 
or lead, both of which are toxic heavy metals. He made 
up test solutions of quantum dots suspended in hexane 
and then applied various experimental doses to the 
ripe, open anthers of flowers, using a micropipette. The 
hexane evaporated rapidly, leaving the quantum dots 
stuck to the pollen on the anthers. He tested the method 
on four species with different flower structures – the bulb 
Wachendorfia paniculata, the iris Sparaxis villosa, the Cape 
daisy Arctotheca calendula and the purple woodsorrel Oxalis 
purpurea – and also conducted the bee experiments to 
check whether the presence of quantum dots influenced 
pollen transport. His results indicated that the quantum 
dots have no effect on pollen attaching to bees that come 
into contact with the anthers, nor on the subsequent 
attachment to stigmas as the bees move from flower to 
flower. 

But how could he count the quantum dots, given that 
they’re too small to see with the naked eye? Corneile 
designed a simple fluorescence box that can be placed 
under any standard dissection microscope. It uses four LED 
lights as the UV excitation source, and has a small drawer 
for holding either microscope slides or insects. Corneile 
constructed the box using 3D printing, and made the design 
files as well as guidelines for its assembly and use available 
as supplementary information to the paper. This means 
that even people without access to 3D printers could send 
the files to an online service, such as 3D Hubs, to print the 
parts. A PhD student in New York tweeted his thanks for the 
technique a few months later.

The box would typically cost between R5 000 and R10 000 to 
make, depending on the exchange rate and printing service, 
while labelling the pollen with quantum dots costs less than 
40 cents per anther. The method will allow Corneile and 
other researchers who apply it to answer various questions 
relating to pollination biology, such as the degree of pollen 
loss during various stages of the pollen movement, and the 
role of specific pollinators in ensuring the survival of plants 
of economic and conservation importance.

Apart from the prestige of winning the prize, Corneile was 
awarded £250 and membership of the British Ecological 
Society. Robert May, after whom the prize is named, was a 
former president of the society who passed away at the end 
of April, at the age of 84. An Australian by birth, he obtained 
his PhD in theoretical physics from the University of 
Sydney, where he was subsequently employed as a physics 
professor for a 10-year period. He then switched disciplines 
to population biology and moved to Princeton University 
in the USA, remaining there for 15 years. During this time 
his classic book Stability and Complexity in Model Ecosystems 
was published, which applied mathematical techniques to 
population dynamics, as well as his 1976 paper in Nature 
that showed how chaos theory could be applied to biology. 
He also published widely on topics ranging from fisheries 
management to infectious diseases. In 1988 he relocated to 
Oxford University in the United Kingdom to take up a joint 
professorship with Imperial College London. He served as 
Chief Scientific Adviser to the UK government from 1995 to 
2000, and president of the Royal Society from 2000 to 2005. 
He was knighted in 1996 and granted a peerage for his 
contributions to science in 2001, taking the title Lord May 
of Oxford.

Following his death, Corneile tweeted: “Robert May 
was a rebel. He jumped fields and challenged long-held 
paradigms using radical computational approaches. As 
an ecologist, your work undoubtedly contains ripples 
emanating from his ideas and methods: Be a rebel!”

•	  Minnaar, C & Anderson, B 2019. Using quantum dots 
as pollen labels to track the fates of individual pollen 
grains. Methods Ecol Evol. 10: 604–614. https://doi.
org/10.1111/2041-210X.13155

•	  The paper is freely available in a special virtual issue of 
the journal dedicated to the Robert May Prize: 

  https://www.britishecologicalsociety.org/publications/best-
paper-by-an-early-career-researcher/robert-may-prize/ 

•	  To view a 
two-minute 
video on 
Corneile’s 
research, 
search 
YouTube 
for ‘Tracking 
pollen with 
quantum 
dots’.
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The fluorescent box designed by Corneile for use with a 
dissection microscope.

The fluorescing quantum dots show where pollen has adhered 
to a bee that visited a labelled flower.
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SCIENCE 
through the lens

The South African Agency for Science and Technology 
Advancement (SAASTA) recently announced the 
results of the biennual SA Science Lens® competition. 

For this 11th round of the competition, SAASTA teamed 
up with the Human Sciences Research Council (HSRC) to 
celebrate all natural and social sciences for the 20-year 
anniversary of the National Research Foundation (NRF) 
and the 50-year anniversary of the HSRC. SAASTA is a 
business unit of the NRF, with the mandate to advance 
public awareness, appreciation and engagement of 
science, engineering, innovation and technology.

Through the SA Science Lens® competition, SAASTA and 
the HSRC aim to encourage researchers and scientists to 
invite the public into their world through inspiring curiosity 
in beautiful, dramatic or interesting photographs of their 
research. The competition also aims to encourage the 
public to appreciate and find science in their everyday 
lives, showing how they can view the world around them 
from a scientific perspective. 

There were four categories in the competition, but the 
HSRC also contributed a special award for the best photo 
from any category representing social science.

Quest presents only the winning images here, but the full 
results of the competition can be found at: 
https://www.saasta.ac.za/competitions/sa-science-lens/.

Science as Art  
This photo was taken during a necropsy (animal autopsy) 
on a caracal conducted by Dr Laurel Serieys and PhD 
student Gabriella Leighton at the University of Cape 
Town, as part of the Urban Caracal Project. Necropsies 
are done to determine the likely cause of death, to collect 
data on morphology, and to obtain samples for disease- 
and pesticide-testing, all of which are important for 
wildlife conservation. Here, artist Sujay Sanan is making 
a rough anatomical sketch of the dead caracal. This was 
preliminary work for watercolour paintings, displayed 
at his solo exhibition, A Place I Know, which documented 
the landscapes, flora and fauna of the Western Cape in a 
unique way. 

Kervin Prayag recently completed his MSc in biological 
sciences at UCT, where his research explored climate 
change effects on the nutritional value of maize and wheat 
plants. He is now an intern at C4 EcoSolutions, but enjoys 
nature and wildlife photography in his spare time.

‘Meowy Muse’ by Kervin Prayag

Science Close-up
The smiling face that resembles a theatrical mask, and 
other seemingly laughing shapes around it, are tiny 
crystals of fluorite, the mineral form of calcium fluoride 
(CaF2). The brown background is the mineral goethite, an 
iron-hydroxide. This is a 4 cm wide area on a sample from 
a fluorite mine in Gauteng. South Africa has some of the 
world’s largest reserves of fluorite, which is used in a wide 
variety of chemical, metallurgical and ceramic processes. 
The term ‘fluorspar’ is used for fluorite sold as a bulk 
material or in processed form. 

Bruce Cairncross is Professor of Geology at the University 
of Johannesburg, and has a special interest in mineralogy. 
He has written a number of books, most recently on the 
minerals and gemstones of East Africa.

‘Happy Faces’ by Bruce Cairncross 
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Science in Action
A white-browed sparrow weaver (Plocepasser mahali) 
undergoes surgery in the Kalahari for insertion of a 
miniature data logger, which will allow researchers to study 
its thermal regimes. To make the procedure easier and less 
stressful for the birds, a researcher will catch them in their 
roosting chambers at night, anaesthetise them, make a 
tiny incision, insert the data logger and stitch them up − all 
within a few minutes. It has only been possible in the last 
few years to build data loggers that are small enough to fit 
into such tiny birds without constraining their movements, 
particularly their flying abilities. This study was the first 
to implant data loggers into this species, with the aim of 
improving understanding of a small piece of the Kalahari 
ecosystem.

Thilo Beck came to South Africa from Germany in 2018 to 
do his MSc degree at the University of the Witwatersrand 
(Wits). His research focuses on the impact of climate 
change on Cape cobras and boomslang in the Kalahari.

‘Small-scale Surgery’ by Thilo Beck

The Dignity of All South Africans
Scientific solutions to everyday problems don’t need to be 
fancy. In the face of Cape Town’s water crisis, a community 
member created a solution that allowed more users to 
collect water from Newlands Spring in an efficient manner. 
The simple pipe system − cobbled out of PVC pipe, string, 
wire and corks − transformed one awkward, muddy access 
point into 26 outlets for filling containers. With strict water 
restrictions in place to relieve pressure on dangerously 
low dam supplies, this system of pipes let thousands of 
people collect water from a natural spring to augment their 
household allocations of municipal water and reduce their 
water bills. It also saw people from disparate communities 
coming together to cooperate in a shared communal 
space. 

Morgan Trimble grew up in the USA but completed her 
MSc and PhD degrees in ecology at the University of 
Pretoria. She is now a freelance photographer and writer

‘Newlands Spring’s Community Spirit’ by Morgan Trimble

based in Cape Town. She has received a number of 
photography awards, including the Royal Photographic 
Society’s 2019 Science Photographer of the Year.

Social Science Award
Apartments in the inner-city suburb of Doornfontein, 
Johannesburg, seem to be decorated with giant metallic 
flowers in the form of satellite dishes. This is an 
impoverished area of immigrants and students, where 
people are crammed into small apartment spaces built 
to house a substantially smaller number of people. As 
satellite television generally includes programmes from 
around the globe, it allows many immigrants to receive 
entertainment from their home countries, connecting 
them to their own people and cultural heritage.

Dhruti Dheda obtained her MSc degree in chemical 
engineering at Wits, where she is now a researcher in 
the Industrial and Mining Water Research Unit. She plays 
an active role in Engineers Without Borders South Africa 
and Geeky Girl Reality, an initiative focused on increasing 
female representation in science, technology, engineering 
and maths (STEM).

‘Connecting Worlds’ by Dhruti Dheda
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MINERAL RESOURCES
for energy storage

South Africa’s Council for Geoscience, under the theme 
‘Geoscience for Minerals and Energy’, is undertaking 
research into hydrothermal and magmatic mineralisation in 
the Bushveld Basin. One of the key mineral resources being 
investigated is vanadium. 

The demand for vanadium has traditionally been primarily 
from the steel market, but recent interest in vanadium 
centres on its role as a potential battery element for energy 
storage. Bushveld Minerals will be rolling out vanadium-
based electricity storage devices for Eskom as part of their 
flagship 360 MW/1440 MWh battery energy storage system 
(BESS). South Africa, the third largest producer of vanadium, 
is particularly well positioned for the development of 
vanadium redox batteries (VRB) because of the abundant 
vanadium resources in the Bushveld Complex. It is 
anticipated that the increase in battery usage for large-scale 
energy storage, particularly at wind farms and solar power 
plants, will stimulate market demand for vanadium.

The Rustenburg Layered Suite of the Bushveld Complex 
has the world’s largest resource of high-grade primary 
vanadium, found in vanadium titanomagnetite pipes (VTMP) 
and as layers of magnetitite. The magnetitite pipes occur 
erratically from the base of the Main Zone up to the Upper 
Zone, transgressing the stratigraphy of the Rustenburg 
Layered Suite. The vanadium pentoxide (V2O5) content of the 
magnetitite pipes seems to correspond approximately to 
that of the layers in their vicinity, with the lowermost layers 
containing the highest V2O5 content. Pipes occurring below 
the main magnetitite layer may contain higher V2O5 grades. 

Enormous quantities of rubble associated with outcropping 
magnetitite pipes form small conical hills in the Main Zone.

A Council for GeoScience team reports on vanadium-related research

Fieldwork and laboratory analyses
During fieldwork undertaken in the 2018/19 financial year, 
outcropping magnetitite pipes in the Main Zone were 
sampled. Here, the magnetitite pipes form enormous 
quantities of magnetitite rubble and, in places, small 
conical hills. The dimensions of these pipes are difficult to 
determine in the field because of sand cover, with evidence 
of minor rubble on the surface in places.

A map of the Bushveld Complex, showing the position of mines 
exploiting iron, titanium and vanadium.
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Samples from 10 magnetitite pipes within the Main 
Zone returned consistent grades of 1.7% V2O5 (whole-
rock XRF analysis) and 1.9% V2O5 (electron microprobe 
analysis [EMPA] of magnetite) respectively, and compare 
favourably with the average resource grade of the Mapoch 
Mine (estimated to be 1.52% V2O5 according to an ASX 
Announcement dated 22 March 2018). EMPA results of 
five samples exceeded 2% V2O5, which is higher than many 
prominent vanadium-producing mines globally. These 
results further promote the advancement of the project, as 
they suggest that the pipes contain high-grade vanadium 
with strong potential to underpin a simple low-cost, high-
grade direct shipping ore (DSO), which can be sold to end 
users as feedstock for a downstream processing plant, or 
as a solution to meet growing energy-storage demand. 

Since these results were received, investigations into 
the potential for other pipes in the eastern limb of the 
Bushveld Complex from a number of current and historical 
sources have been undertaken. These include historical 
reports, geological maps, high-resolution aeromagnetic 
data, remote sensing data as well as Landsat imagery. 
Additionally, further work on the subsurface extent, length 
and geometry of these pipes is required to determine 
their potential contribution to future mineral resource 
estimations. For example, the high-grade Steelpoortdrift 
(SPD) vanadium project under development by Australian-
based Vanadium Resources (VR8, formerly Tando) in the 
Nebo mapped area, north of the study area, is already 
estimated to host a resource three times bigger than similar 
projects, at over 500 million tonnes. The discovery of further 
magnetitite pipes outside of that resource could indicate 
significant potential upside. 

The advantage of magnetitite pipes is that they comprise 
almost 100% magnetite, meaning that there is no stripping 
of waste material required to obtain the mineral-bearing 
ore. Ore from the Kennedy’s Vale Mine was extracted using 
the direct leaching method, which simplifies the processing, 
resulting in a higher-purity vanadium product. Similarities 
between the SPD project, Mapoch Mine and the Kennedy’s 
Vale Mine mean that these operations could also possibly 
extract the magnetite using direct leaching, which would 
make exploitation attractive to makers of vanadium redox 
batteries. These types of deposits may virtually amount to 
‘dig and ship’ operations. Given that the areas are relatively 
small, they will be reasonably quick to drill out, and if 
these operations are successful in finding a number of the 
magnetitite pipes, yielding a 5−10 million tonne resource, 
they would provide at least five years’ worth of feed. 
Selectively mining the pipes means that these operations 
could fast-track production.

Other minerals 
Apart from containing valuable vanadium, the magnetitite 
pipes have a high iron and titanium content. In the past, 
the exploitation of these resources for titanium has been 
restricted by a combination of the economic viability 
of smelting such titanium-rich iron ore, the shortage of 
vanadium (used as a strengthening agent in titanium alloys), 
and metallurgical problems with the extraction of titanium 
oxide (TiO2) from the slag.  

Recent research has, however, resulted in the development 
of economic processes for the simultaneous recovery 

of iron (Fe) and V2O5, and the production of high-titania 
products is now technically feasible. On the other hand, 
the recovery of economic minerals depends largely on 
parameters such as grain size distribution, chemical 
composition, texture, and the presence of inclusions or 
intergrowths with other minerals.

An assessment was therefore conducted on the potential of 
vanadium-bearing titaniferous iron ores from the sampled 
magnetitite pipes to be used as raw materials for the 
recovery of V2O5, TiO2 and Fe. The results are considered 
applicable to all Fe-TiO2 pipes in the Upper Main Zone and 
Lower Upper Zone of the Bushveld Complex.

A microscopic assessment of the mineralogical character 
of the samples was undertaken with the aid of an optical 
microscope as well as scanning electron microscopy 
(SEM) equipped with energy dispersive x-ray spectroscopy 
(EDS). The aim was to identify minerals and investigate the 
textural properties, phase association and grain size. The 
magnetitite pipes typically consist of 90% magnetite and 
10% granular ilmenite. Most of the vanadium (± 1−2 wt.% 

Hand specimen of vanadiferous titanomagnetite from the 
Roossenekal mapped area.

Photomicrographs of magnetite and ilmenite from magnetitite 
pipes in the Main Zone of the Rustenburg Layered Suite. The 
magnetite is characterised by coarse ilmenite lamellae, as well 
as finer lamellae down to submicron level.
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V2O5) is incorporated in the magnetite, but ilmenite hosts 
higher concentrations of titanium (± 50 wt.% TiO2). The 
magnetite grains are massive and very coarse, with variable 
sizes of ilmenite (<1 µm and >1 mm). 

The pipes offer huge economic potential due to the high 
vanadium (~2% V2O5) and titanium (~12%) content. The 
magnetite can be recovered by magnetic separation 
after comminution (i.e. reduced to a smaller size by 
grinding, crushing, vibrating, etc), and then subjected to 
hydrometallurgical processes involving roasting, leaching 
and precipitation to recover vanadium as V2O5 powder. The 
non-magnetic fraction of the magnetite ore can be targeted 
to recover ilmenite grains for their titanium content. 

The inorganic compound vanadium pentoxide (V2O5) is the 
most recovered form of vanadium, found in about 80 different 
mineral ores.
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Bushveld Minerals owns vanadium mines at Brits and Mokopane, as well as two processing facilities.
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CURRICULUM CORNER
GEOGRAPHY: GRADE 10
Geomorphology: The structure of the earth

GEOGRAPHY: GRADE 11
Geomorphology: Topography
Resources and sustainability: Non-conventional 
energy sources

GEOGRAPHY: GRADE 12
Economic geography of South Africa: Mining

PHYSICAL SCIENCES: GRADE 10 
Matter and materials: Periodic table

PHYSICAL SCIENCES: GRADE 11
Chemical systems: Lithosphere

Alternatively, the pyrometallurgical approach can be used 
to produce pig iron, with vanadium being recovered from 
the slag. The titanium present in a variety of extremely 
fine-grained micro intergrowths cannot be liberated by 
mechanical means.

Adapted from two articles in the Council for Geoscience 
newsletter, GeoClips, written by:
•	  Flora Maja, Hakundwi Mandende, Chris Hatton & Senza 

Ndumo. GeoClips 58, September 2019
•	  Hakundwi Mandende, Themaba Mothupi & Flora Maja. 

GeoClips 60, March 2020.

For more information on vanadium and vanadium redox 
batteries, see the article ‘10 Transition Metals’ in Quest Vol. 15.1.
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Books
Peacocks & Picathartes: 
Reflections on Africa’s birdlife

By Rupert Watson. 216 pp. Struik Nature. R220

The title of this book is a good 
hint at the contents, which 
are the musings of a lifelong 
birdwatcher, and may only 
appeal to other committed 
birders who’d know what a 
picathartes is. Or perhaps 
many would not, since there 
are only two species of the 
bird, and they’re found in the 
Atlantic rainforests of West 
and Central Africa. 

But while it might be assumed 
that the peacocks of the title 
refer to alien birds in Africa 
– since the common peacock 
was widely introduced from the Indian subcontinent as 
an ornamental bird – the species covered in the book 
is actually the Congo peacock, which was discovered in 
the 1930s, and hailed as one of the most sensational 
ornithological events of the 20th century. The author, Rupert 
Watson, describes his failed attempt to see the bird himself 
in the Democratic Republic of the Congo (DRC).

Watson trained as a lawyer but is now a self-employed 
mediator, and his work regularly takes him from his home 
in Kenya, where he has lived for 40 years, to other parts of 
Africa. He makes the most of the opportunity to indulge 
his passion for his birdwatching hobby, and this book is 
essentially a collection of essays on various bird groups. 
It covers his own observations as well as those by others, 
so the essays typically include the birds’ distribution and 
taxonomy, accounts of their sometimes quirky behaviours, 
interesting anecdotes, historical notes and modern-day 
scientific findings.

You won’t find any colour 
photos here, the only pictorial 
content being some black-and-
white illustrations, but it’s an 
informative and entertaining 
offering in the natural 
history genre that would be 
an appropriate gift for the 
birdlovers of the family.

Watson has written two other 
books, including the coffee-
table book The African Baobab, 
as well as numerous articles, 
mostly on natural history, for 
a range of publications.

Legends of South African Science II 

Academy of Science of South Africa. Free eBooklet (4.25 MB PDF) 
at: https://www.assaf.org.za/index.php/publications/books

This eBooklet is a follow-up to the first Legends of South 
African Science, published in 2017 as part of the 20-year 
celebrations of the Academy of Science of South Africa 
(ASSAf). It profiles 62 ASSAf Members elected between 
1993 and 2000, making them some of the longest-standing 
Members, who represent the apex of academic excellence, 
societal contribution and knowledge advancement. 

Each narrative begins with a brief entry under three 
standard headings: ‘Awards, honours and achievements’, 
‘Defining moment’ and ‘What people might not know’. 
This last section turns up some interesting titbits. Former 
Stellenbosch University rector Prof. Chris Brink, for 
example, was a skilled knife-thrower as a youngster, while 
Dr Phil Mjwara, the Director General of the Department of 
Science and Innovation, considers himself a failed musician, 
having tried the trumpet, guitar and piano, without 
getting quite good enough at any of them. The former 
Editor-in-Chief of the South African Medical Journal, Prof. 
Daniel Ncayiyana, wanted to be a train driver as a boy but 
ultimately learned to fly single-engine planes, and retired 
physicist Prof. Manfred Hellberg became the resident 
cricket statistician for two newspapers while still at school. 

The more detailed body of each narrative provides a 
personal account of how the various accomplished 
scientists and scholars made their mark in their field of 
study. These are not only highly readable and inspiring, but 
offer a unique perspective on a slice of history. 

Sadly, three of the profiled Members – Prof. Anthony (Dave) 
Walker, Prof. Michael Feast and Dr Neville Comins – have 
passed away since work began on the publication. 
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Test your knowledge QUEST MATHS
PUZZLE NO. 53

You are a prisoner 
sentenced to death. The 

Emperor offers you a 
chance to live by playing 
a simple game. He gives 
you 50 black marbles, 

50 white marbles and 2 
empty bowls. He then says, 
“Divide these 100 marbles 

into these 2 bowls. You 
can divide them any way 

you like as long as you use 
all the marbles. Then I will 
blindfold you and mix the 
bowls around. You then 

can choose one bowl and 
remove ONE marble. If the 
marble is WHITE you will 
live, but if the marble is 
BLACK... you will die.”

How do you divide the 
marbles up so that 

you have the greatest 
probability of choosing a 

WHITE marble?

Answer to Maths 
Puzzle no. 52
a) Paint the small cubes.
b) Choose whichever 
option you wish, they’re 
both equally expensive.
c) Paint the big cube.

All of the answers can be found in
this issue of Quest

WIN A 
PRIZE!

Send us your answer 
(fax, e-mail or snail-mail) 
together with your name 
and contact details by 

15:00 on 31 August 2020.

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. 53’ and send it to:  
Fax: 086 671 0953 E-mail: 

info@livingmaths.com. 
Snail-mail: Quest Maths 
Puzzle, Living Maths, P.O. 
Box 195, Bergvliet 7864, 
Cape Town, South Africa

For more on Living Maths 
phone 082 360 0076 and visit 

www.livingmaths.com

DOWN
1. The current pandemic __19
2.  Acronym for South Africa’s weather forecasting 

agency
3. A solvent with six carbon atoms
4. A type of flare that affects space weather
5.  Acronym for the frequency band of waves in 

the magnetosphere
6.  The Rustenburg Layered Suite is part of the __ 

Complex 
11. The part of a plant that produces pollen
12.  An emerging disease caused by a mosquito-

borne virus 
13.  The eThekwini FEWS provides warnings for 

this
15. The genus that humans belong to
17. The southern lights are an __ display
18. A weather prediction
21. SuperDARN uses this technology
23. Describes a gas of ions and free electrons
24. Prefix for a type of photosynthetic bacteria 
26. Artificial intelligence systems may use __ logic
27.  Semiconducting nanocrystals that can be 

used for biolabelling
31. An autopsy conducted on animals
32. South Africa’s space agency
33. Part of the skull
34. The opposite of El Niño
35.  Refers to an oxidation-reduction reaction, 

used in VRBs
37.  The H1N1 influenza pandemic was known as 

__ flu
38.  A coronavirus disease associated with camels
40.  A prefix meaning very small, or a millionth of 

a millimetre
42. Jupiter is known as a __ giant planet

ACROSS
1. SARS-CoV-2 is one of these
3. An acronym relating to phytoplankton blooms
7.  An early warning system for major animal 

diseases
8. The mineral form of calcium fluoride
9. A prolonged period of low rainfall
10. Describes a Jupiter day
14. An approach used to address disease threats
16.  An indigenous knowledge app for drought 

warnings
19. A NASA mission to Jupiter
20.  An archaeological site in the Cradle of 

Humankind
22.  The ocean colour sensor on the Sentinel-3 

satellites
25. One of Jupiter’s moons
28.  This element is in high demand for energy-

storage batteries 
29.  The most common cause of irreversible 

blindness
30. A disease transmitted from animals to humans 
36.  Common name for an algal bloom caused by 

dinoflagellates 
39. These __ pipes are a rich source of V2O5

41.  The National Oceans and Coastal Information 
Management System

43. South Africa’s Antarctic base
44.  This emerging disease has caused outbreaks of 

severe haemorrhagic fever in Africa
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