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• How do greenhouse gases regulate the Earth’s temperature?
• Isn’t climate change just part of a long-term natural cycle?
• Will South Africa run out of water?
• Do cow-farts really cause global warming?
• How can I reduce my carbon footprint?
• Is there any chance of runaway global warming?

These and many other questions are answered in this full-colour illustrated book.

Climate change affects us all, but it can be a confusing business. Three leading South African scientists 
who have worked on the issue for over two decades help you to make sense of this topic. The book is 
organized into over fi fty ‘frequently asked questions’, each with a brief, clear and scientifi cally up-to-
date reply. The four main sections take you through the science of how the climate system works, the 
projected impacts in Southern Africa during the 21st century, what this means for South African society, 
and what can be done to avoid harm. The profuse illustrations and local examples help to explain 
complex issues in simple terms.
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W
e have a drought in South Africa at the moment – a severe drought 
that, unless it breaks, means that we will be importing maize and 
other staple foods very soon. It will also mean that many people will 
lose their livelihoods and others their jobs. Livestock are dying and 

crops are failing. The next good rain in these areas of the country is predicted for 
March 2016 – too late for many. The El Niño weather system that affects this part of 
the world every five years or so is cited as the main reason – but El Niño is becoming 
a stronger weather system as the oceans warm and temperatures across the region rise.

In Europe it is the start of winter – and that winter is predicted to be a very 
cold one and already parts of the region are experiencing extreme wind and rain 
conditions. Most climate scientists predict that extreme weather events will become 
more common as our climate changes – something that we are already starting 
to see. There is no longer any doubt that human activities are behind our current 
global climate change. The greenhouse gas emissions that were covered by the failed 
Kyoto Protocol have increased by 80% since 1970 and by 30% since 1990, totalling 
49 gigatonnes of carbon dioxide equivalent (GtCO

2
eq). If current global emission 

trends continue (+2.2% per year between 2000 and 2010), the rise in average global 
temperature should come to between 3.7°C and 4.8°C by 2100 – making large parts 
of the world uninhabitable, changing species distribution, driving many to extinction 
and completely changing life as we know it.

To prevent this we need to limit atmospheric concentrations to 450 ppm CO
2
eq by 

2100 and achieve the goal of keeping global warming below 2°C. To do this, global 
greenhouse gas emissions need to be reduced by 40 - 70% by 2050 compared to 2010 
levels and drop to levels close to zero GtCO

2
eq by 2100.

Between 30 November and 11 December this year, climate scientists and policy 
makers will gather in Paris for the United Nations Conference on Climate Change 
(COP21/CMP11). The aim is to build a Paris Climate Alliance, that can keep the 
average global temperature rise below 2°C compared with pre-industrial levels and 
adapt our societies to existing disruption. To do this, there needs to be agreement by 
all countries, in the north and the south, that greenhouse gas emissions need to be 
contained – and the financial support put in place to allow developing countries to 
move towards low-carbon resilient economies before and after 2020.

Humankind has a poor record of governance on this planet. Perhaps future 
generations can improve on this and provide a better world.

Bridget Farham
Editor – QUEST: Science for South Africa

All material is strictly copyright and all rights are reserved. Reproduction without permission is forbidden. 
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.

Climate change –  
it will affect us all
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A South African perspective on the international climate change 
negotiations, from Xolisa Ngwadla of the CSIR.

Global temperature changes. Left: 1880-1889. Right: 2000-2009. These maps 
compare temperatures in each region of the world to what they were from 
1951 to 1980. NASA’s Goddard Institute for Space Studies conducted the 
analysis using ship-based and satellite observations of sea-surface temperature, 
and data from Antarctic research stations and 6 300 meteorological stations 
around the world. Earth's average surface temperature has increased by about 
0.7°C since 1880. Two-thirds of the warming has occurred since 1975, at a rate 
of roughly 0.15 to 0.20°C per decade.  
Image: Data from NASA Goddard Institute for Space Studies. Courtesy of the NASA Earth Observatory and Mike Carlowicz.

The build-up to  
UNFCCC COP 21

T
his year, the United Nations Framework 
Convention on Climate Change (UNFCCC)’s 
21st Conference of the Parties (COP 21) will, 
once again, in over 20 years of UN negotiations, 

following the unsuccessful effort in Copenhagen in 2009, 
aim to achieve a legally binding and universal agreement on 
climate, with the aim of keeping global warming well below 
2°C. The annual negotiations will take place in Paris from 
30 November to 11 December 2015.

CSIR Competency Area Manager responsible for Global 
Change, Xolisa Ngwadla, is the lead negotiator of the 
African Group of Negotiators to the UNFCCC. ‘There are 
two parts to these negotiations,’ explained Xolisa, ‘there 
is the legal and the technical part’. The binding treaty to 
the UNFCCC addresses both global multilateral conduct 
for all, and specific obligations for countries in respect of 
greenhouse gas mitigation and adaptation. 

‘Developed countries on the other hand have specific 
obligations of taking the lead in mitigation and are expected 
to provide support, technology, finance and capacity 
building to developing countries to help them mitigate and 
adapt to climate change,’ said Xolisa. The technical part of 
the negotiations is that it is informed by science, particularly 
the latest findings of the Intergovernmental Panel on 
Climate Change (IPCC)’s 5th Assessment Report, of which 
CSIR scientists have played, and are increasingly playing a 
role in these periodic global assessments. 

Towards a new approach
A new ‘bottom up’ approach has gained traction in the 
negotiations discourse. ‘Countries will communicate 
emission targets, but are not responsible for the outcome 
of targets they communicate,’ explained Xolisa. This is a 
departure from the Kyoto Protocol top-down approach 
where countries had a commitment to both conduct and 

outcome. International agreements have an impact on how 
economies transition towards low-carbon and resilient 
development. ‘The new treaty to be signed this year is 
expected to be better than the Kyoto Protocol in terms of its 
coverage being more than mitigation, as well as that it will 
be applicable to all countries. The true test, however, will be 
if it can send a strong political signal to the private sector 
despite its weakness of not committing countries to the 
outcomes of their targets.’

Implications for SA
‘We are struggling to meet the everyday demands for energy, 
and South Africa has to increase its generation capacity, 
particularly industrial energy in a global context where it is 
increasingly becoming difficult to get international funding 
if we are using coal,’ cautioned Xolisa. ‘We are trying to 
present a South Africa that is progressive in investing in 

Key dates in 2015 on climate talks

8-13 February: Geneva negotiations on text on new treaty
31 March: Deadline for countries to commit to specific greenhouse gas cuts
31 May: Deadline to agree to draft treaty
3-14 June: Bonn negotiations resume
1 November: UN calculates if carbon-cutting pledges made by individual 
nations will collectively limit global warming to +2°C
30 November - 11 December: Paris Agreement on new treaty to come into 
effect in 2020
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renewables, building on the Renewable Independent Power 
Producer Procurement Programme, and other initiatives.’

Climate change adaptation is regarded by some developed 
countries as part of a country’s normal development 
process, so there is no need for international support. 
According to Xolisa, this ideology does not work well for 
South Africa and Africa, ‘because climate impacts are an 
additional burden’. He said: ‘Our position is that it should be 
an international problem with solutions being shared across 
the globe as it is driven by global inaction on reducing 
emissions. South Africa contributes 1 - 1.5% of the global 
emissions and we are already investing 60% of the amount 
of climate funding needed by 2020 - 2050’.

If international law weakens the obligation on developed 
countries to assist developing countries in responding to 
climate change, the latter will suffer huge developmental 
setbacks, explained Xolisa. ‘South Africa and the rest of the 
continent have natural-resource-dependent economies, as 
well as a dire need for both increasing access to electricity, 
and scaling-up of energy investments to support industrial 
development’. The current state of technological maturity 
is an important consideration; hence an energy mix policy 
is appropriate for African countries. ‘At this stage it would 
be difficult to mine on solar power,’ quipped Xolisa, ‘but 
we can shift some domestic demand to increase available 
industrial energy’.

Nevertheless, it is important to adopt renewable energy 
soon. ‘It would tip the scales in our favour in terms of 
trade if we target manufacturing capabilities in certain 
technologies’, explained Xolisa. When an international 
agreement is signed, it becomes hard law. However, Xolisa 
is of the opinion that it becomes realistically difficult to 
enforce since all states have a right to withdraw. 

In the past, Canada withdrew from the Kyoto Protocol 
because the country was not meeting its GHG emission 
targets. ‘This is, however, not an option in South African 

diplomacy which is strongly embedded in multilateralism. 
Furthermore we live in a world where trade and investment 
is indirectly used to encourage countries to honour their 
international obligations.’

Xolisa notes the disproportionate nature in which the 
global population grew, relative to CO

2
 emissions: From 

1800 to 2000 the population grew 6-fold, but CO
2
 emissions 

increased 40-fold, which suggests an unsustainable 
relationship between human development and use of 
resources. 

UNFCCC playground dynamics
The UNFCCC negotiations, due to take place in Paris from 
30 November to 11 December 2015, have evolved from the 
North-South divide, which challenges negotiator creativity, 
as most negotiation groups are based on interest rather than 
political allegiance. 

Despite such evolution, the African Group still negotiates 
as a political bloc, and negotiates on the basis of a common 
position, which Xolisa is central in crafting and negotiating. 
This is despite the fact that, the diversity of African country 
interests is a microcosm of the global negotiation. 

Some of the major players at the UNFCCC negotiations 
are Europe and the United States of America (USA), and 
its allies: Canada, Japan, Australia, New Zealand, Norway, 
Russia, Ukraine, and Kazakhstan whose major concerns 
are trade competitiveness. Because of this Europe could 
not continue to be bound by the Kyoto Protocol to reduce 
emissions when the USA was not, as this affects the 
competitiveness of industries due to a higher cost base, 
explained Xolisa.

The BASIC group of countries, consisting of Brazil, South 
Africa, India and China is another significant player. This 
group of countries contribute significantly to international 
trade, but have serious poverty issues. ‘The pressure is on 
how such countries, whose emission profiles are significant 
and rising can deviate from the business-as-usual emission 
trajectory. Even though they have increasingly demonstrated 
their intent in deviating from business-as-usual emissions, 
they remained concerned about the shifting of the emission 
reduction burden, and higher technology costs which 
developed countries seem to be losing appetite to fund.’ 

Another group is the Small Island Developing States 

Lake Chad, Africa. Left: 8 December, 1972. Middle: 14 December 1987. Right: 
18 December 2002. Persistent drought has shrunk Lake Chad, once the world's 
sixth largest lake, to about one-twentieth of the size it was in the 1960s. Only 5 to 
8 meters deep in ‘normal’ times, small changes in depth have resulted in large 
changes in area. As the lake has receded, large wetland areas (shown in red) 
have replaced open water.  
Image: 1972 image from Landsat 1. 1987 image from Landsat 4. 2002 image from Landsat 7. Courtesy of the U.S. Department of 
the Interior / U.S. Geological Survey. Taken from the USGS Landsat Missions Gallery.
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(SIDS) and the Least Developed Countries (LDC), for 
example Mauritius, Samoa and Cuba. These are the 
poor and vulnerable nations, dependent upon forestry, 
agriculture, etc. for their livelihoods. Most LDCs are in 
Africa. According to Xolisa, this group of countries need – 
more than the other countries – emissions to be reduced 
drastically and require significant finance and support from 
developed countries. Sea-level rise is an implication of 
increased emissions, and particularly affects the economies 
of SIDS.

An interesting group of countries are the oil producers 
or the Organization of the Petroleum Exporting Countries 
(OPEC). ‘If the world does not use oil, Saudi Arabia – whose 
economy depends on oil – will become a LDC.’ Other 
OPEC countries include Iraq, Kuwait, Venezuela and Iran. 
This group of countries need to diversify their economic 
activities so they are less reliant on oil, and the world needs 
to find a solution for these countries.

South Africa calls for a binding and multilateral 
agreement. Multilateralism will allow all member states to 
have the same say in the determination of their destiny. 
‘The South African view is that the international regime 

should balance priorities 
between adaptation and 
mitigation responses, 
with an appropriate 
climate development 
response,’ concluded 
Xolisa.

To view a video on 
the history of climate 
governance, see  
http://www.iisd.ca/
paris-knowledge-bridge/
video-1-the-history-of-
climate-governance/. 
The video features some 
of the biggest names 
in climate governance, 
including CSIR’s Xolisa 
Ngwadla. q

Released by  
Reyhana Mahomed, 
CSIR Communications.

Toboggan Glacier, Alaska. Left: 29 June 1909. Right: 4 September 2000.  
Image: 1909 picture photographed by Sidney Paige. 2000 picture photographed by Bruce F. Molnia. Source: Glacier Photograph Collection, National Snow and Ice Data Center/World Data Center for Glaciology.

Xolisa Ngwadla. Image: CSIR

Mount Kilimanjaro in Africa. Left: 17 February 1993. Right: 21 February 2000. Kilimanjaro is the tallest freestanding mountain in the world and is made up of 
three volcanic cones. These before and after images show the dramatic decline in Kilimanjaro's icecap over recent decades.  
Image: mages taken by the NASA/USGS Landsat satellite. Credit: Jim Williams, NASA GSFC Scientific Visualization Studio, and the Landsat 7 Science Team.
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South Africa is at the forefront of climate change research in Africa, 
as Quest finds out from local researchers.

Climate change in South Africa 
– how are we tackling this?

S
outh Africa faces major changes to its climate. Our 
average annual temperatures have increased by at 
least 1.5 times more than the observed global average 
of 0.65°C in the past 50 years. Added to this, extreme 

rainfall events have increased in frequency. And, according 
to Gina Ziervogel and her colleagues, these changes are 
likely to continue. Quoting the 2013 South African Long 

Term Adaptation Scenarios and the Fifth Assessment Report 
of the Intergovernmental Panel on Climate Change (IPCC 
AR5) for Representative Concentration Pathway (RCP) 8.5 
suggest that our temperatures will rise by 3 - 6°C by 2081 
- 2100 compared to 1986 - 2005. Climate change poses a 
significant threat to South Africa’s water resources, food 
security, health, infrastructure and ecosystem services and 
biodiversity. In a country where many people are poor and 
where levels of inequality are high, these effects of climate 
change are critical challenges to development. 

Climate change as a developmental problem
Given the major effects that climate change will have on 
our environment and the way that these changes will affect 
people, climate change research in South Africa is now 
no longer seen purely as an environmental problem, but 
also a developmental problem. To understand why climate 
change is a developmental problem think about the impacts 
from increasing temperatures, increased flooding, changes 
in rainy seasons and changes in winds on many aspects 
of broader socioeconomic development, such as water 
availability, food security, housing and infrastructure.

South Africa’s per capita emissions are high relative to 
other countries in Africa, and even globally. So climate 
change mitigation has been in discussion for some time 
and academics and government policy makers have worked 
closely together. Policies that have been developed include 
the Renewable Energy Independent Power Producer 
Procurement Programme and the start of carbon taxes. 
Several government departments – national, provincial 
and local – are now developing climate change strategies or 
plans. 

The status of climate science in South Africa
South Africa has many excellent universities and science 
councils, and as a result has a highly advanced research, 
observation and climate modelling programme. Studies 
have focused mainly on how the mechanisms that control 
our climate both yearly and more long-term are affected by 
climate change, including the way that the oceans around 
the continent affect our rainfall. 

Scientists in South Africa have a very good understanding 
of the way that our natural ecosystems function and the 
South African Weather Service and other agencies have a 
wealth of data on our weather systems. All this allows our 
scientists to carry out research into climate change, natural 
variability and also to develop models of future climate 
directions. 

Vulnerable areas
Research in South Africa has focused on some areas more 
than others. The areas where there is significant research 
include five main groupings: biodiversity, agriculture, water, 
cities and health. 

In urban areas such as Piketberg, many households need to buy most of their 
groceries. High prices of food due to climate shocks can have a significant 
impact on household income and expenditure. Image: Gina Ziervogel

University of Cape Town Environmental and Geographical Science Honours 
students learning about how water is extracted and treated from the Berg River 
for Piketberg, Western Cape. Image: Gina Ziervogel
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Biodiversity
The latest findings suggest that the biome that is most 
threatened by increased temperatures and rising carbon 
dioxide levels is the grassland biome, which could be taken 
over by woody plants. The other four biomes that are 
particularly vulnerable to climate change are the Nama 
Karoo biome, the Indian Ocean coastal belt, the Fynbos 
biome and the Forest biome. 

Agriculture
The impact of climate change in agriculture is likely to be 
on staple crops such as maize and on the forestry industry. 
One of the main concerns is a projected increase in the need 
for irrigation, since most parts of the country are likely 
to become drier. Models also suggest that key cereal crops 
such as maize in the winter rainfall region and wheat in the 
summer rainfall region will be negatively affected by climate 
change. Another concern is that certain pest and pathogen 
species will benefit from the changing climate and become 
more of a problem for agriculture. 

Water
Modelling what will happen to water supplies is difficult as the 
system is so dynamic and changeable. Essentially, all models 
predict more flooding in some areas and more droughts in 
others. If the climate becomes drier then land use that seriously 
affects water catchments, such as encroaching on wetland 
areas, changing the course of rivers and so on, will place greater 
demands on water resources. What is still to be explored is 
the interaction between changes in water quality and quantity 
and the impacts that such changes will have on various types 
of water use, e.g. irrigation, domestic consumption or aquatic 
ecosystems.

Cities and the built environment
There is not as much research into the impact of climate 
change on cities as there might be, given that most 
people live in urban areas. The exceptions are eThekwini 
municipality and the City of Cape Town. Projections of the 
impact of climate change on cities as a whole are lacking but 
there is some research on certain aspects of climate impacts 
at the local level, such as the impact of sea level rise on 
coastal communities, water resources under climate change 
and the impacts and response to flooding in cities. 

The main research has focused on sea level rise and the water 
sector. The impact of rising sea level in both eThekweni and 
Cape Town has been evaluated using models. There have been a 
few studies of possible impacts on water supply and demand in 
cities as the climate changes, but there is a lot of variation in the 
data used for the models, so that impacts are uncertain. 

Health
The health impacts of climate variability and change are 
increasing. Studies in South Africa have focused on health 
outcomes that are sensitive to climate, such as diarrhoeal 
diseases, respiratory diseases, cardiovascular health and 
vector-borne infectious diseases such as malaria.

Other factors that influence health are heat stress, heavy 
rainfall and drought. Data on hospital admissions and deaths 
have shown that people’s health is affected by these events. 

Vector-borne diseases such as malaria are predicted 
to shift in area from west to south to east, driven by 
climate change impacts, although no overall increase in 

incidence is predicted. The other main health risks that 
may be affected by climate change include food insecurity, 
hunger and malnutrition, natural disasters, air pollution, 
infectious diseases – specifically HIV/AIDS – non-
communicable diseases, high injury burden, mental health 
and occupational health. An example of occupational health 
effects is heat stress on people working in agriculture. 

How can we adapt?
In South Africa and internationally there are many scientists 
who are focusing on understanding how we can adapt to 
medium- or long-term changes in the climate. At the moment, 
however, most adaptation responses still focus on reducing 
vulnerability to present-day climate problems, such as disaster 
risk reduction, early warning systems and water demand 
management. Scientists and the South African government are 

The informal settlement of Langrug in Franschhoek, Western Cape, has 
significant challenges in ensuring clean water. There have been a range of 
innovative responses through collaboration between the municipality, provincial 
government and local communities. Image: Gina Ziervogel

Climate change❚❚❚❙❙❙ ❘ ❘ ❘

Third-year UCT Environmental and Geographical Science students doing 
fieldwork in Philippi, an urban agricultural area in Cape Town. The students 
carried out a vulnerability assessment to understand the exposure of these 
smallholder farmers to water supply. Image: Gina Ziervogel
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currently working on research to explore the design of a system 
that will evaluate adaptation responses that aim to adapt to 
current and future climate variability. 

Some groups have already taken a practical approach to 
adaptation, and in the agricultural sector individual farmers and 
farmers’ associations are interested in climate change findings 
and many have started adapting to their experience of historical 
changes. For example, in the Western Cape, apple orchards 
have been replaced by vineyards which are more tolerant of 
high temperatures. In the Southern Cape, commercial farmers 
have changed from crops to pasture and have increased their 
capacity to store water. In the Suid Bokkeveld, in South Africa’s 
arid western region, the emerging agricultural sector in the area 
is working on understanding the impacts of climate variability 
and change on rooibos tea farming. 

Within business, Santam (a short-term insurance 
company) has an innovative response to climate change. 
The company noticed increasing insurance claims 
particularly in the Eden District Municipality in the Western 
Cape Province as a result of extreme weather events. These 
were fires, made worse by periods of drought and fanned by 
strong winds, flooding and storm surges. Santam decided 
not to increase insurance premiums. Instead they started a 
pilot project in collaboration with the CSIR and Worldwide 
Fund for Nature (WWF) to assess landscape-wide measures 
to reduce these risks. They identified drivers of climate risks 
that could be directly or indirectly modified by Santam and 
its partners. A good example is reducing fire risk through 
support for the Working for Water programme. 

The way forward
Although South Africa is making significant progress in 
understanding the impacts of climate change and in starting 
to implement and evaluate adaptation responses, more work 
is needed. There are two areas in particular that require 
research in coming years: the knowledge gaps related to 
inadequate climate impact assessments and understanding 
and quantifying the socioeconomic costs of climate change 
and the problems that scientists and people on the ground 
have collaborating effectively to meet the country’s needs. 

In conclusion there are three critical research areas that 
would strengthen adaptation research and practice. These 
are:
n The development and testing of approaches that support 

integrated and flexible adaptation strategies
n  An improved understanding of the social, political, 

governance and financial barriers or enablers of 
adaptation in South Africa

n How adaptation can address the reduction of poverty 
and inequality, which is one of the key priorities of the 
National Climate Change Response White Paper. q

Reference
Ziervogel G et al. 2014. Climate change impacts and adaptation in South Africa. WIREs Clim 

Change 2014. doi: 10.1002/wcc.295

Further information on the University of Cape Town’s climate change research can be found at:
The Climate Systems Analysis Group (CSAG) – one of the leading climate research groups in Af-
rica, including scientists from a wide range of specialities. Find out more at www.csag.uct.ac.za.
  The African Climate and Development Initiative (ACDI) is a university-wide initiative at the 
University of Cape Town which supports collaborative research and training in climate change 
and development. Find out more at www.acdi.uct.ac.za.

CSIR projects drastic temperature increases over Africa under climate change

CSIR climate modellers believe that 2015 is on its way to be the 
warmest year ever recorded. This is partially due to climate change, 
and partially due to a massive El Niño event currently developing in the 
Pacific Ocean. Temperatures over subtropical southern Africa have risen 
at more than twice the global rate over the last five decades. 

Moreover, further warming of between 4 - 6ºC over the subtropics and 
3 - 5ºC over the tropics are projected by the end of the century under 
low mitigation, relative to the present-day climate. This was revealed in 
a CSIR study using a regional climate model integrated on a powerful 
computer-cluster at its Centre for High Performance Computing (CHPC), 
to obtain detailed projections of future climate change over Africa.

This comes ahead of the United Nations Framework Convention on 
Climate Change (UNFCCC)’s 21st Conference of the Parties (CoP 21), 
due to take place in Paris, France in November 2015. This meeting 
will, for the first time in over 20 years of UNFCCC negotiations, aim to 
achieve a legally binding and universal agreement on climate, with the 
aim of keeping global warming below 2ºC.

‘If the negotiations fail to ensure a high-mitigation future, we are likely 
to see rapidly rising surface temperature across the continent,’ says 
Dr Francois Engelbrecht, CSIR Principal Researcher and leader of the 
study entitled, Projections of rapidly rising surface temperatures over 
Africa under low mitigation. Africa is particularly vulnerable to excessive 
temperature increases due to the continent’s dependence on subsistence 
farming and rain-fed agriculture. ‘For many regions, the impact of 
temperature increases on the agricultural and biodiversity sectors may be 
significant, stemming from temperature-related extreme events such as 
heat-waves, wild fires and agricultural drought,’ explains Dr Engelbrecht.

Heat waves are rare events over Africa under present day conditions. 
The highest number of heat wave days occurs over the Limpopo river 
basin region in southern Africa, the eastern interior and east coast 
regions of South Africa and the Mediterranean coast of North Africa.  
Drastically increased occurrences of heat wave days may be expected 
across the continent under climate change, contributing to decreased 

maize crop yield as critical temperature thresholds are exceeded and 
increases in livestock mortality and adverse impacts on human health.

If a heat wave occurs during a drought, which dries out vegetation, it 
can contribute to bushfires and wildfires. Wildfires cause large financial 
losses to agriculture, livestock production and forestry in Africa on an 
annual basis. ‘Globally, Africa is the single largest source of biomass-
burning emissions,’ says Engelbrecht. ‘It is very important to understand 
the impacts of increasing occurrences of fires on the African savannas, 
as well as potential feedbacks to the regional and global climate system’. 
Moreover, Engelbrecht and his co-authors point out in the paper that 
general reductions in soil-moisture are possible across the continent, as 
a result of enhanced evaporation that occurs in response to increasing 
surface temperatures. ‘In the subtropics, this effectively implies a longer 
burning season and a shorter growing season’, says Engelbrecht. 

The observed rate of temperature increase over southern Africa and 
subtropical North Africa is comparable with the trends observed over 
the Northern Hemisphere landmasses. These temperature increases are 
among the highest in the Southern Hemisphere. 

Considering that African temperatures in the subtropics are projected 
to rise at 1.5 times the global rate of temperature increase (an estimate 
that may be conservative) and the aim of the upcoming UNFCCC 
negations seeking to keep global warming below 2ºC compared to pre-
industrial temperatures – the Long Term Global Goal (LTGG), Engelbrecht 
thinks that the  trends and projections of rapidly rising African 
temperatures should be a key consideration at the UNFCCC negotiations. 
‘The relatively high rate of temperature increases over Africa should be 
considered when deciding on the suitability of the LTGG of the UNFCCC 
in terms of climate-change impacts in Africa. Under low mitigation, 
the world is likely to experience an increase in global average surface 
temperature of 3ºC or more, and the relatively strong temperature signal 
over Africa is of particular concern within this context.’ 
The full paper, which has been published in Environmental Research Letters, is available here: http://
iopscience.iop.org/article/10.1088/1748-9326/10/8/085004/meta 
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Ancient Egyptian raptor mummy from South Africa 
yields a world first

An ancient Egyptian raptor mummy from Iziko 
Museums of South Africa in Cape Town has yielded a 
world first when researchers discovered the remains 
of at least two house mice and a small sparrow in its 
stomach.

The discovery was made possible through digital 3D X-ray imaging 
at the CT scanner facility at Stellenbosch University. In other words, 
without disturbing the ancient wrappings, the contents were scanned 
and then digitised as a three dimensional image. The technology is 
so sophisticated that it can produce a 3D image of a human hair. The 
model is then used to analyse the outside and inside of the object in the 
wrappings.

The results of the study, published in the Journal of Archaeological 
Science, are also the first evidence to point to mass breeding of raptors 
as offerings to deities.

Animal mummies were common in ancient Egypt and used in religious 
ceremonies, often as offerings. Millions of mummified animals have been 
found, most dating from around 600 BC to AD 250. Ancient Egyptians 
believed in many deities and associated different animals with them; 
raptors were connected to the sun god Ra.

The birds were prepared by being gutted and dried, then dipped into 
molten resin and wrapped. In this case, however, raptor mummy SACHM 
2575 was not gutted, giving the researchers a chance to have a glimpse 
of its last moments on Earth.

Inside the raptor’s gullet and crop they found the tail of a young house 
mouse (Mus musculus), which appears to have caused it to choke to 
death. Looking further into the gizzard and stomach, they found other 
mouse fragments, including 27 loose teeth, and parts of a small house 
sparrow (Passer domesticus). This indicates that the raptor was force-fed 
its last meal. It also suggests that the bird was kept in captivity.

Based on the morphology, limb measurements and beak shape of the 
raptor, they established it was a European kestrel (Falco tinnunculus).

Dr Salima Ikram, professor of Egyptology at the American University in 
Cairo and lead author of the study, says until now the sheer number of 
raptor mummies had been a mystery: ‘Our results explain why they had 
so many: we now think it was because of active breeding programmes to 
meet the demand for these mummies.’

Dr Ruhan Slabbert, research associate at the Department of Ancient 
Studies at Stellenbosch University and co-author, says the Egyptian raptor 
mummy is one of five animal mummies from Iziko Museums of South 
Africa in Cape Town and two animal mummies from Ditsong Museums of 
South Africa in Pretoria that were scanned as part of a project between 
the museums and SU’s Department of Ancient Studies and the CT 
scanner facility.

Dr Slabbert and Dr Anton du Plessis, manager of the CT scanner 
facility, also generated a high-resolution 3D print of the skeleton of the 
raptor mummy, with the tail of the house mouse clearly visible. A print 
will be donated to Iziko Museums of South Africa for display inside the 
glass case containing the original raptor mummy.

Ms Esther Esmyol, curator of Social History Collections at Iziko 
Museums of South Africa, said they are excited about the technology 
and the project undertaken by Stellenbosch University: ‘Raptor mummy 
SACHM 2575 has been on display at the Iziko Slave Lodge in the 
Egyptian room for a number of years. This project has brought him and a 
number of ancient Egyptian animal mummies to life,’ she said. 

Prof. Sakkie Cornelius, an expert on Ancient Near Eastern Cultures 
in the Department of Ancient Studies at SU, says the study of ancient 
animal remains (called zooarchaeology) is revealing fascinating 
information about the ancient Egyptians, such as their funerary beliefs 
and embalming technology, disease and veterinary care, breeding 
programmes and the environment and fauna of ancient Egypt.

Where did these animal mummies come from?
There is very little information available about how the animal mummies 
came to South Africa. The raptor mummy, SACHM 2575, was donated to 
the museum in 1911 by one S Kavanagh.

Another mummified bird was obtained via the curator of the South 
African Museum at the turn of the century, Mr William Lutley Sclater, 
in 1904. It may have belonged to his father, Philip Lutley Sclater, who 

obtained the mummy in 1889 from a Mr Arthur J Scott.
The other two bird mummies were excavated from Kafr-‘Ammar in Egypt by 

the British archaeologist and Egyptologist, Sir Flinders Petrie, in 1912.
The analysis of the other three bird mummy scans revealed that one 

is a fake and that the wrappings presumably contain feathers, plant material 
and mud. The second bird mummy only contains a claw, while the third 
mummy contains a complete bird skeleton. The fifth mummy, presumed to 
be a cat, has only a partial front, full hind body and limbs preserved.

Media release issued by Wiida Fourie, Media, Faculty of Science, 
Stellenbosch University.

A 3D image of the bones and teeth inside the stomach of the raptor 
mummy SACHM 2575. Image: ©Stellenbosch University
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Bird mummy SACHM 2575 has been brought to life with the help of digital 
3D X-ray imaging at Stellenbosch University’s CT scanning facility.  
Image: Carina Beyer ©Iziko Museums

A 3D image of the raptor mummy shows the tail of the mouse extending 
through the bird’s oesophagus, crop and into its gizzard.  
Image: ©Stellenbosch University
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Climate change will affect Africa, but it is not all about carbon dioxide 
emissions, according to local scientists. Quest explains.

An artist’s impression of early Neogene fauna. Image: Smithsonian Museum via Wikimedia Commons

A
frica is a vast continent. If you overlay other 
countries onto a map of Africa you can fit in 
Portugal, Spain, France, Germany, Switzerland, 
Italy, Eastern Europe, India, the United States 

and Japan. The island of Madagascar is the size of Britain 
and Ireland. Not only is the continent vast, it has ecosytems 
that are driven by disturbance – fire being one of the most 
important disturbances. 

Scientists know that African ecosystems evolved and 
became diverse during the late Neogene. This is a period of 
Earth’s history that started 23 million years ago and ended 
2.5 million years ago. 

During this period mammals and birds evolved into 
almost modern forms and early hominins appeared 
in Africa. It was also a period of low carbon dioxide 
levels. The driving forces behind this diversity were the 
development of flammable fire-dependent grasses – called 
C

4
 grasses – which became dominant in the region, and the 

diversification of large herbivores, which have major effects 
on the vegetation. 

Climate change – particularly that driven by humankind’s 
emissions of greenhouse gases – has long been assumed 
to be the main reason for potential changes in vegetation 
and biodiversity patterns. The problem as Professors Guy 
Midgley and William Bond see it is that many predictions 
of the effects of climate change on African ecosystems 
look only at temperature and rainfall changes and do not 
take the impact of disturbance by fire and large mammals 
into account and how these change with rising CO

2 
levels. 

Water, fire &
large mammals

A veld fire at sunset. Image: Prof. Brian van Wilgen
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The latest report by the International Panel on Climage 
Change (IPCC) recognises this shortcoming – stating that 
‘vegetation across much of the continent [of Africa] is not 
deterministically driven by climate alone’.

Water, fire and grazing
Africa is notable among large continents because its ecosystems 
are most limited by water availability and driven by disturbance 
in the form of fire and grazing herbivores. Most African sub-
tropical ecosystems are dominated by C

4
 grasses. The continent 

lies across the tropics and subtropics in both hemispheres with 
huge areas of vegetation that are vulnerable to fire. 

These areas of vegetation evolved during periods of 
very low carbon dioxide concentration, which lead to the 
dominance of the C

4
 grasslands during the early to middle 

Neogene. Africa’s land surface today accounts for more 
than half of the annual burnt area of the world. And, until 
a few 100 years ago, Africa’s so-called megafauna – the large 
herbivores such as elephant – roamed much of these areas, 
but are now mainly restricted to protected areas. 

These grasslands and flammable shrublands today cover 
more than 70% of Africa’s surface excluding the desert areas. 
Disturbance by fire and herbivores both limit tree cover. It 
is especially in Africa that interactions between disturbance, 
atmospheric carbon dioxide and climate drivers can shift 
vegetation structure and composition rapidly, feeding back 
on patterns of animal and plant biodiversity. This means 
that over large areas of Africa, vegetation structure and 
ecosystem biodiversity cannot be predicted entirely by 
climate and so cannot be thought of as ‘climate controlled’. 

Different models, different results
What all this means is that different people have different 
ideas of how climate change – particularly rising carbon 
dioxide levels – will affect Africa’s ecosystems and 
biodiversity. If all you look at is the effects of rainfall and 
temperature change on biodiversity then Africa is projected 
to suffer large declines in species numbers. This approach 
is called niche-based modelling. However, if different 
modelling approaches are used that take into account 
the role of disturbance by wildfire and the responses of 
vegetation to changing carbon dioxide levels, then very 
significant changes in the distribution of major biomes are 
simulated by the models. These so-called dynamic global 
vegetation model (DGVM) approaches suggest that what 
will happen in Africa is an expansion of woody plants and 
a reduction of grasses in fire-prone savannas, woodlands 
and grasslands and an increase in grass dominance in 

C4 grasses
The term C4 grasses refers to grass species that use C4 carbon fixation 
during photosynthesis. The other forms of carbon fixation used during 
photosynthesis are C3 and CAM (crassulacean acid metabolism). 

Plants that use entirely C3 carbon fixation tend to do best in areas with 
moderate sunlight, moderate temperatures, plentiful groundwater and 
relatively high carbon dioxide levels.

The CAM pathways have evolved in some plants as an adaptation to very 
dry conditions. In a plant using full CAM the stomata in the leaves remain 
shut during the day to reduce evaporation of water and are open at night to 
collect carbon dioxide. 

C4 fixation is a different form of C3 fixation and is thought to have 
evolved more recently. C4 plants have an advantage over plants with the 
more common C3 carbon fixation pathway under conditions of drought, 
high temperatures and low carbon dioxide levels. Only around 3% of all 
terrestrial plant species use C4 carbon fixation.

A tree badly damaged by elephants. Image: Prof. Brian van Wilgen
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shrublands in relatively dry areas that, at the moment, are 
not prone to fire. Impacts on biodiversity are different from 
what one would expect based on niche-based models.

The importance of these different modelling approaches 
lies in their practical applications. Which approach should 
determine how we manage our ecosystems in the face 
of climate change and changing carbon dioxide levels in 
order to preserve ecosystem services and biodiversity? The 
DGVM model suggests active vegetation management, 
through the use of fire and mammal grazing and browsing. 
As Prof. Midgley says ‘African ecosystems are unique, 
with big herbivores like elephants and frequent wildfires 
sweeping through the landscape. We are now finding that 
disturbances by herbivores and fire can be as important 
as climate in shaping the structure, functioning and 
diversity of African ecosystems. In Africa, grasslands can 
be maintained by frequent fires even where rainfall is high 
enough to support a forest. But when fire is suppressed, 
trees can take over. This means that some ecosystems can 
flip quite quickly from one kind to another independent of 
any climate change especially as CO

2 
levels rise’.

Scientists are already observing these changes taking 

place. Many southern African sub-tropical grasslands 
and savannas are being transformed into woodlands. 
‘More carbon dioxide in the atmosphere is causing the 
tree saplings to grow faster, allowing trees to establish. 
More trees suppress wildfire and result in the spread and 
thickening of woodlands. A niche-based model would not 
predict these effects,’ says Prof. Midgley.

More data needed
What this all means is that many of the current predictions 
of the impact of climate change on African ecosystems 
need to be reassessed and not even the DGVM approaches 
are sufficient because we simply don’t have enough data, 
evidence and information on interactions between climate, 
disturbances and the impact of atmospheric carbon dioxide 
on ecosystems in tropical and sub-tropical climates. 

In their Nature Climate Change article Profs Midgley and 
Bond argue that ‘these issues require urgent resolution, 
because there are significant and immediate implications for 
biodiversity risk assessments, and adaptation and mitigation 
responses relevant for policy makers and land managers’.

Prof. Midgley says ‘In other words, the widely accepted 
approach is to increase tree cover in order to sequester 
atmospheric carbon dioxide. But in Africa the opposite 
might be the case to avoid biodiversity loss. With better 
models and more data it may be better to suppress trees in 
order to maintain savanna and grassland diversity.

‘Managing the responses of African ecosystems to climate 
change requires home-grown knowledge, as well as an 
understanding of the trade-offs between biodiversity and 
carbon sequestration objectives in Africa,’ he concludes. q

Prof. Guy Midgley is an internationally acknowledged 
expert in the field of biodiversity and global change science 
in the Department of Botany and Zoology at Stellenbosch 
University. In 2007 he was a member of the international 
team who shared the Nobel Peace Prize for producing the 
policy relevant 4th global climate change assessment for the 
Intergovernmental Panel on Climate Change (IPCC), and 
he co-chaired the international Technical Expert Group on 
Climate Change and Biodiversity for the UN Convention on 
Biological Diversity between 2008 and 2010. In 2009 he was 
again appointed as a co-ordinating lead author for the Fifth 
Assessment Report which was released earlier this year. Prof. 
Midgley was recently ranked by Thomson Reuters as one of the 
top 3 200 most influential researchers around the globe. 
  Prof. William Bond is an ecologist with broad interests in 
the processes most strongly influencing vegetation change 
in the past and present, including fire, vertebrate herbivory, 
atmospheric C0

2
 and climate change. He is currently chief 

scientist at the South African Environmental Observation 
Network and emeritus professor in biological sciences at the 
University of Cape Town. He was recently ranked by Thomson 
Reuters as one of the top 3 200 most influential researchers 
around the globe. 

Midgley GF, Bond WJ. Future of African terrestrial biodiversity and ecosystems under 
anthropogenic climate change. Nature Climate Change 5:  DOI: 10.1038/NCLIMATE2753

An African elephant – one of many large herbivores. Image: Prof. Brian van Wilgen

A ringbarked Maroel tree – another example of elephant damage.  
Image: Prof. Brian van Wilgen
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Dung hits UCT headlines again…

The Cape Restio Ceratocaryum argenteum produces 
large hard nuts that are buried by dung beetles. 
These nuts smell like dung but provide no food for 
dung beetles or their larvae – a classic example of 
biological deception. These are the surprising findings 
of a paper just published by biologists from UCT and 
UKZN in the prestigious journal Nature Plants.

Deception is a very interesting biological phenomenon as it involves a 
co-evolutionary arms race between one species (the deceiver or mimic) 
that benefits from resembling another species (the dupe or model) with 
no advantages, and sometimes even fitness costs, for the latter. Some 
of the most striking examples of deception in plants involve deceiving 
insects to pollinate flowers without any rewards. Some orchids, for 
example, produce colourful flowers containing no nectar to reward 
pollinating insects. These plants rely on sensory exploitation (insects are 
attracted to colour in general), and in some extreme cases mimic other 
rewarding plants that occur at the same locality, thereby duping insects 
to pollinate their nectarless flowers. 

Deception for seed dispersal, however, is far less common. Some 
plants produce hard red or black seeds (such as the so-called lucky 
beans) that look like berries, but these do not seem to fool birds and are 
hardly ever eaten or dispersed. Also, such seeds are often poisonous and 
their bright colours are therefore more of a warning colouration than an 
attraction to fruit-eating birds.  Dung beetles being duped into dispersing 
‘dung-like’ Ceratocaryum nuts may therefore be the best example 
globally of faecal mimicry for seed dispersal. The scent of Ceratocaryum 
nuts is very strong. ‘I have 9-month-old seeds in a paper bag in my 
office that are still very pungent’, says Jeremy Midgley, a Professor in 
the Biological Sciences Department at UCT. Steve Johnson, a Professor 
at UKZN who did the chemical analyses for this study, was amazed at 
both the complexity of scents emitted by Ceratocaryum seeds and their 
similarities to antelope dung. ‘It still remains to be seen exactly which 
chemical is the most attractive to the dung beetles’ says Steve Johnson.

‘I have had a long interest in seed burial by certain Cape rodent 
species and was convinced that the enormous size of Ceratocaryum 
seeds would make them attractive to rodents, either to immediately 

eat them or to bury them’ said Jeremy Midgley. He, together with 
MSc student Joseph White and UCT small mammal expert Dr Gary 
Bronner,  investigated if free-ranging small mammals were interested in 
Ceratocaryum nuts. ‘We used motion-sensing trail cameras to observe 
small mammal interactions with the nuts under field conditions, and 
it seemed that they were either disinterested or even repelled by the 
seeds. When they cracked open seeds it was clear small mammals were 
interested in the nutritious inner parts of the seeds,’ recollects Joe White. 
‘We suspect that the smell of the nuts repels small mammals, although 
Nature Plants made us delete this part of the paper because the data 
were not strong enough. In future we will put an extract of these seeds 
on palatable seeds and see whether this causes small mammals to lose 
interest in these seeds,’ adds Jeremy Midgley. 

The most surprising result from their field experiments was the 
discovery of dung beetles dispersing Ceratocaryum nuts. ‘Through both 
camera trapping and direct observation, we saw dung beetles being 
attracted to the nuts, rolling them away and then burying them by 
pulling them down from below,’ comments Gary Bronner, recalling that 
‘previously we observed the same behaviour by another dung beetle 
species in the Cedarberg where Ceratocaryum plants do not occur, 
suggesting that this phenomenon may be quite general and widespread 
in fynbos’. ‘I wonder what would happen if we put these nuts out in 
the savanna,’ ponders Jeremy Midgley, ‘would they fool savanna dung 
beetles?’

Dung beetles do inadvertently disperse some seeds, for example those 
already in the dung of fruit-eating mammals that they bury to nourish 
their offspring. However, this is not deception as the beetles gain a 
reward. With Ceratocaryum nuts, however, dung beetles are duped into 
dispersing and burying nuts with no reward but with energetic costs. It is 
likely this type of dispersal is quite rare because it depends on the right 
ratio of dung and dung beetles. ‘Too much dung and the nuts will not be 
buried because beetles have too much of a choice, too little dung and 
there will be a similar lack of burial  owing  to too few dung beetles – we 
still have much to learn about the dynamics of such faecal mimicry,’ 
concludes Jeremy Midgley.

Ceratocaryum argenteum in the background with seed dung beetle 
and pellet and Jeremy Midgley, Joseph White, Steve Johnson and Gary 
Bronner. Image: UCT
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C
hanging weather patterns and more extreme 
weather events of cyclones, floods, stormy seas, 
fires and droughts and altered seasonal cycles 
have grabbed the public’s attention as indications 

of climate change. But what exactly is climate change 
and what are its causes? The question takes on particular 

significance when set against the background commentary 
of sceptics or the general public who quite rightly say that 
climate change is just part of a long-term natural cycle. We 
are well aware of the natural seasonal progression from 
winter to spring, and summer to autumn. These seasonal 
shifts in grey rainy days, carpets of spring flowers, long lazy 
sunny days and bold autumnal colours are striking in their 
differences and make up the seasonal weather patterns we 
observe. But this is quite different from more gradual and 
longer-term climate change that is easily masked from the 
casual observer. 

Earth’s climate history
Where scientists have probed past records of the Earth’s 
history collected from geological structures, ice cores, 
ocean sediments and the fossil record, we have been able 
to reconstruct Earth’s climate history. Earth has naturally 
warmed and cooled over the past six billion years due to 
changes in the proportion of atmospheric gases, particularly 
carbon dioxide (CO

2
). Carbon dioxide is an important 

‘greenhouse gas’ that affects the delicate balance of heat 
reaching Earth and heat escaping back into space. Major 
geological events and changes in global ocean circulation 
have also significantly altered Earth’s temperature and 
climate.

Over the last 55 million years Earth has been progressively 
cooling as the continents and land masses have moved into 
their modern positions after the breakup of Gondwanaland. 
Further cooling occurred during the uplift of the Himalayas, 
as carbonate rock formation removed CO

2
 from the 

atmosphere. About four million years ago, the global 
climate began to oscillate between cooler, ice age periods 
and intervening warmer periods – the well-known glacial-
interglacial cycles – triggered by cyclic variations in Earth’s 

With sustained winds near 156 km/h, Tropical Cyclone Japhet (19S) hit the 
Mozambique coast on 2 March 2003, causing widespread flooding. The global 
view is from the Meteosat geostationary weather satellite and the inset detail 
was acquired by NASA’s Moderate Resolution Imaging Spectro-radiometer 
(MODIS). Image: NASA

Mike Lucas asks what is causing global climate change and  
is it part of a long-term cycle.

Global climate change 
are we to blame?

Cloud formation over the sea. Image: Peter Corbett
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orbit around the sun. We have been in one of the warmer 
spells for just over 10 000 years – an unusually stable 
climatic period known as the Holocene, during which 
humans developed agriculture and complex civilisations in 
an environment conducive to population growth. 

Human influences
During and after the industrial revolution of the 1750s, 
the human population massively increased – and with it, 
demands for resources and energy. The first part of the 
industrial revolution was based on energy derived from coal. 
Now, we are dependent on oil. All this has led to significant 
increases in the amount of CO

2
 entering the atmosphere 

due to burning of these so-called fossil fuels. The crucial 
point here is that modern human-induced climate change 
over the last 200 years is very much faster than anything that 
has occurred over the last 800 000 years. It is this extremely 
rapid rate of climate change that is dangerous for life on 
Earth since it is too fast for many plants and animals to 
adapt to. 

Despite its low concentration in the atmosphere (0.03%), 
this and other greenhouse gases such as methane (0.001%) 
and nitrous oxides have tipped Earth’s delicate radiation 
balance – trapping more heat than the amount escaping 
back into space – hence warming the Earth. Greenhouse 
gases work by being transparent to incoming short-wave 
radiation, but are opaque to reflected and outgoing long-
wave radiation – see the diagram of the greenhouse effect.

A doubling of the pre-industrial (around 1750) CO
2
 

concentration from about 285 parts per million (ppm, 
equivalent to 0.03% by volume) to 570 ppm (0.06%) could 
be reached this century, leading by itself to an average global 
warming of about 1.2°C. However, when the contribution 
of other greenhouse gases such as methane (which are 
also increasing) are added in, the total average global 
warming for a 570 ppm CO

2
 world is 2 - 6°C, with a most 

likely global average value of 3.5°C. International scientific 
opinion believes that most ecosystems will be resilient to 
a 2°C rise in average global temperature, but beyond that, 
ecosystems become more and more vulnerable to further 
warming, particularly since this would increasingly affect 
drought and rainfall patterns.

The future for South Africa
So how hot will it get in South Africa? We are already 
experiencing a warming trend here which is much higher 
than the global average rate. Relative to the present, average 
temperatures in the interior of the country, particularly in 
the western Karoo region, could rise by about 3°C by the 
end of the century if global CO

2
 emissions are dramatically 

curbed, but by about 6°C if they are not. Those sort of 
temperatures would make places like the Karoo almost 
unliveable for most forms of life. q

Associate Professor Mike Lucas, University of Cape Town 
Department of Biological Sciences, is also an Honorary 
Research Associate at the National Oceanography Centre 
(NOC) in Southampton, UK. He conducts much of his 
research in the North and South Atlantic, the Southern Ocean 
and the Benguela upwelling system.

Long term cooling of the average global temperature (top panel) and the 
glacial-interglacial changes in temperature and CO2 (bottom panel) over 
periods of millions to thousands of years. The spikes in CO2 concentration 
actually precede temperature changes by about 600 years. Image:  Philander, 2009

Climate change❚❚❚❙❙❙ ❘ ❘ ❘

The record of rising atmospheric CO2 due to fossil fuel combustion comes from 
the Mauna Loa observatory in Hawaii. A closely similar record is obtained 
from the Cape Point observatory in South Africa. Note the general and 
corresponding trend of increasing temperature and rising atmospheric CO2 
concentrations. Periodic dips in the temperature despite a steady increase in 
CO2 is due to oceanic and geological processes that cool the Earth for short 
periods of time. Image: Philander, 2009

The greenhouse effect is caused by the greater transparency of the 
atmosphere to incoming shortwave radiation from the sun than to outgoing 
longwave radiation from the Earth. Image: Colin Bleach (adapted from Bob Scholes)
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Desert ecosystems are particularly at risk from the effects of climate change. 
Susie Cunningham explains the risks to desert birds.

The Hot Birds programme: 
understanding the risks of 
climate change for desert birds

C
limate change is having profound impacts on 
biological systems worldwide. Species are shifting 
their ranges, changing their behaviour and 
changing in abundance. These changes carry 

complex and unpredictable implications for the functioning 
of ecosystems and the future of the natural world as we 
know it. Among the fastest-warming places on the planet are 
hot deserts, putting desert plants and animals particularly 
at risk. 

The Percy FitzPatrick Institute at the University of Cape 
Town is home to the ‘Hot Birds’ research programme that 
seeks to understand how desert birds are vulnerable to 
climate change, with a view to predicting the consequences 
for desert ecosystems. We work on birds, because they are 
great indicators of change, being highly visible, well-known 
and mobile. Furthermore, desert birds might be particularly 
vulnerable to warming temperatures because they are 
mostly diurnal (active during the day) and most are not able 
to hide from the heat by using underground burrows, like 
a mammal might. The recent mass die-offs of thousands 
of desert birds such as budgies and cockatoos during heat 
waves in Australia in 2010 add urgency to our research.

The Hot Birds programme is a collaboration between 

researchers at the University of Cape Town led by Dr Susie 
Cunningham, and the University of Pretoria led by Prof. 
Andrew McKechnie, together with researchers in the United 
States and Australia. The research team brings together 
specialists in bird behaviour and physiology to try to 
understand the mechanisms that make birds vulnerable to 
climate change. We assess how birds cope physiologically as 
temperatures rise, the changes they make in their behaviour 
to mitigate exposure to heat, and the consequences of these 
behavioural and physiological changes for their survival 
and reproduction. We use this information to infer which 
species in desert bird communities are most vulnerable to 
climate change and why.

There are several major themes within the Hot Birds 
programme. We are going to look at three of these. 

Who feels the heat the most?
A key objective of the Hot Birds programme is to develop 
a rapid method for assessing which bird species are most 
vulnerable to heat stress, and perhaps therefore most 
vulnerable to climate warming. ‘Heat stress’ occurs when 
an animal’s body temperature rises above normal and it 
must take action to prevent dangerous hyperthermia. One 

Sociable Weavers drinking at an artificial 
dam in the Kalahari. Subordinate Sociable 

Weavers are more vulnerable to heat stress 
than dominant individuals. Image: Rowan Martin
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solution is to evaporate body water in order to cool down. 
Humans do this very effectively by sweating, but birds do 
not have sweat glands and instead pant (breathe rapidly 
through an open beak) or gular flutter (flutter the throat 
while panting). Work by former Hot Birds PhD student 
Ben Smit, when he was based at the University of Pretoria, 
showed that panting is reactive: that is, desert birds begin 
to pant only after their body temperature has already 
risen. This suggests that they pant in order to control 
an emergency situation, rather than to prevent it from 
occurring in the first place. 

Both panting and gular fluttering are easy to observe, 
and since 2009 a team of Hot Birds researchers has 
collected data on almost 100 species of birds from southern 
Africa’s Kalahari Desert, the Australian Outback and the 
American Sonoran Desert. Panting behaviour increases as 
air temperature rises for all species, but the threshold air 
temperature at which birds begin to pant varies among 
species. One of the major drivers of this variation is how the 
birds obtain their water; birds that drink regularly pant at 
lower air temperatures than birds that obtain all their water 
from food. 

Now that we have a large database on which species first 
exhibit heat stress via panting, we are trying to understand 
the physiological implications of panting more fully. For 
example, we wish to establish whether starting to pant at 
a low air temperature increases a bird’s risk of dangerous 
dehydration, and what happens to birds’ thermoregulatory 
defences when heat waves are combined with droughts, as 
is predicted under ongoing climate change. PhD student 
Michelle Thompson from the University of Pretoria is 
currently working on these questions.

Related to this, we are also examining the capacities of 

different birds to offload excess heat through evaporative 
cooling (or evaporative water loss (EWL)). The efficiency 
of EWL is affected by whether the bird is panting, gular 
fluttering or simply losing water through its skin. Which 
method a bird uses is largely determined by its evolutionary 
history. Species that are able to pump out water at high 
rates, but with a relatively low metabolic cost, should 
be better able to survive heat waves – assuming water 
is freely available – a big assumption in a desert! Initial 
results suggest that some desert doves are EWL superstars, 
extraordinarily efficient at maintaining low and stable 
body temperatures even under extreme heat conditions. 

A Southern Fiscal chick at 14 days old. Southern Fiscals normally fledge at 
around 18 days old, but those that experience heat waves while in the nest will 
fledge smaller, lighter and later. Image: Rowan Martin

A small bird seeks shelter from the hot desert sun in the Kalahari. Image: Rowan Martin
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Among other species, it appears that bigger birds are better 
at keeping themselves cool using EWL than very tiny birds. 
For example, University of Pretoria MSc student Maxine 
Whitfield found that White-browed Sparrow-weavers (40 g) 
cope with heat physiologically better than Scaly-feathered 
Finches (10 g). 

Heat stress, behaviour, and the survival of 
populations
Keeping cool by panting is costly for birds, because it 
requires a large expenditure of water, and can also cause 
dangerous changes in blood chemistry. Changes in 
behaviour (e.g. reduction in activity) and location (e.g. 
choosing shaded, cool places in the landscape) can reduce 
some of these costs by reducing exposure to the heat. 
However, there is no such thing as a free lunch and these 
strategies – collectively called ‘behavioural thermoregulation’ 
– carry their own costs. For example, the need to alter their 
patterns of behaviour can compromise birds' ability to find 
enough food.

A second major theme of the Hot Birds programme is to 
understand the effects of temperature on behaviour, and 
the resultant impacts on survival and breeding success: the 
factors that determine population persistence. We approach 
this by studying individual species in depth, assessing how 
the behavioural decisions they make when faced by high 
temperatures affect their ability to maintain their body mass 
and breed successfully.

Two case studies illustrate how birds must make 
compromises in order to keep cool. Conservation Biology 
MSc student Kate du Plessis from the University of Cape 
Town studied the effects of air temperature on foraging 
success in Southern Pied Babblers. She found that, even 
though the birds continued to forage even when it was 
extremely hot, their ability to capture food was reduced, 
to the extent that they were unable to maintain their body 
mass on days when air temperatures exceeded about 36°C. A 
babbler’s ability to breed successfully is strongly linked to its 
weight, so high temperatures and loss of body condition are 
likely to have serious consequences for these birds.

In a similar study, I investigated how temperature affected 
thermoregulation, foraging behaviour and parental care 
choices of Southern Fiscals breeding in the Kalahari, and the 
implications for nestling growth and breeding success. As 
temperatures increased, adults spent more time in shaded 
locations, limiting their ability to feed their chicks. High air 
temperatures also directly compromised nestling growth. 
As a result, heat waves during the nestling period caused 
chicks to fledge smaller and later: both dangerous, because 
small fledglings have a lower chance of surviving to breed 
themselves, and because each additional day in the nest 
increases the risk that all the nestlings will be eaten by a 
predator by as much as 4% per day.

Societies and climate change
One of the most astonishing recent findings of the Hot 
Birds team is PhD student Michelle Thompson’s discovery 
that a bird’s social standing can affect its ability to maintain 
a stable body temperature in the face of very hot conditions. 
Michelle showed that socially dominant birds of three 
different species – Sociable Weavers, Fawn-coloured Larks, 
and African Red-eyed Bulbuls – were better able to maintain 
stable body temperatures as air temperatures rose, than 
subordinate individuals. Furthermore, in Sociable Weavers, 
the dominant birds achieved this feat while panting less 
than subordinates, and maintaining more normal levels 
of activity. This finding has led us to hypothesise that an 
individual’s position in its society might influence how 
strongly it is affected by climate change. If this is true, then 
climate change could modify the social networks of group-
living species like Sociable Weavers, meerkats, and even 
humans, with unpredictable and wide-reaching results. For 
example, in Sociable Weavers the loss of subordinate helpers 
could change patterns of reproductive success and have 
knock-on effects for breeding female survival, according to 
recent work by Fitz researcher Rita Covas and her team. 

The Hot Birds team is a large and productive 
collaboration, working to understand the effects of climate 
change in deserts globally. To learn more about our work, 
visit our page on the Percy FitzPatrick Institute’s website: 
http://www.fitzpatrick.uct.ac.za/fitz/research/programmes/
current/hotbirds, and look out for our new Hot Birds 
website, hotbirdsproject.com, going live soon. q

Dr Susie Cunningham is a lecturer at the Percy FitzPatrick 
Institute, University of Cape Town. She has been involved in 
the Hot Birds programme since 2010. The focus of her work 
is the relationship between thermal biology and behavioural 
ecology.

A Southern Fiscal mother feeding her chicks in the nest in a still frame taken 
from a research video. Fiscals are less able to provide for their nestlings when 
temperatures get hot. Image: Susie Cunningham

A hot Fork-tailed Drongo out in the glaring Kalahari sun expresses his discomfort 
by panting heavily. Image: Susie Cunningham
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Mike Lucas discusses  
South Africa’s precious water 
supply and the impacts of 
climate change. 

S
outh Africa is a naturally dry country with an 
average annual rainfall of 464 mm – well below the 
world average of 860 mm. More than 50% of our 
water comes from only 14% of our rivers, which 

are situated mainly along the eastern side of the country. 
In terms of water availability per person, South Africa is 
classified as a water-stressed country, with 98% of our water 
supplies already being used, particularly in the drier western 
half of the country. Based on our current water use and 
human population growth rates, the Department of Water 
Affairs estimates that by 2025, there will be a 1.7% shortfall 
in our water supply.

Given these figures, there are some obvious questions we 
must ask ourselves. Will we run out of water, and how will 
climate-driven changes in rainfall affect overall water supply 
– particularly that of potable drinking water? Not only that, 
but industry and agriculture – the latter essential for our 
food security – use very large amounts of water; so there 
are conflicting demands on our scarce water resources that 
must be balanced among the various users. 

We know too that climate change in South Africa will lead 
to rising temperatures, and therefore both increased rates of 
evaporation and altered stream, river and dam temperatures 
– so how will these affect the biological structure of our water 
systems, as well as the general ‘health’ of the hydrological cycle 
in which biodiversity plays an important role?

A wetter world on average, but a drier  
South Africa
A rise in global temperatures results in more evaporation 
from the oceans, leading to more water vapour in the 
atmosphere, and therefore more precipitation as rainfall. 

Waterwise: How climate 
will affect our water supply

A windmill extracts water from underground reservoirs in the dry Karoo 
landscape. These regions will become both hotter and drier under climate 
change scenarios. Image: Peter Corbett

Winter rainfall sweeps across the Cape Peninsula. Image: Peter Corbett



11|4 2015   21

However, the distribution of that rainfall around the globe is 
predicted to be more variable, with some regions becoming 
much wetter, while other areas will become much drier. The 
belt of arid African lands north and south of the sub-tropics 
are likely to become drier, but at more local regional scales, 
projections of changes in rainfall patterns become much 
more difficult to predict. This is borne out by rainfall data 
for southern Africa that have shown no obvious changes 
over the last century. Nevertheless, complex and repeated 
runs of computer simulation models suggest that the 
present seasonal pattern of geographical rainfall will persist, 
but with the dry western region projected to get drier, and 
the wetter eastern rainfall region expected to experience 
more rainfall. 

Most of southern Africa will therefore remain a 
predominantly summer rainfall area while the south-
western Cape will remain a primarily a winter rainfall 
area, but with slightly less winter rainfall overall and a 
small increase in summer rainfall. The patterns of lesser 
winter rainfall will be due to the more southerly passage 
of low-pressure systems that originate near Antarctica. 
This altered pattern of rainfall is not best suited for fynbos, 
which prefers hot dry summers and cool wet winters, but 
the seasonal change in rainfall will instead encourage the 
invasion of grasses.

The southern and eastern Cape represent a transition 
zone between the summer and winter rainfall regions. 
Changes in extreme rainfall events may be quite dramatic 
here. Most major floods in this region are caused by 

atmospheric  ‘cut-off lows’, which channel moist tropical air 
and heavy rainfall over the eastern coastline. 

Exactly where the transition line from the drier to wetter 
regions is drawn across South Africa remains uncertain 
– but it is a roughly diagonal line from Upington south-
easterly towards the George-Port Elizabeth region. This 
division is of particular concern for the heavily populated 
Gauteng and Free State regions where water-demanding 
grain crops will be more sensitive to increases or decreases 
in rainfall. 

In a globally wetter world, why is it then that some parts 
of South Africa will become drier? Most of our summer 
rain comes from water vapour that was evaporated from 
the Indian Ocean, and then drawn over land by large-scale 
atmospheric circulation patterns. As air rises, it cools and 
precipitates its moisture as rainfall, which is why the tropics 
are so wet. But over the western part of South Africa, 
atmospheric circulation will be dominated by descending 
air, which is dry, thus resulting in less rainfall. 

But even where it will be wetter with higher rainfall in 
the east, this does not necessarily mean more available 

Working for Water worker clearing alien pine trees to improve water 
flow and conserve water. Image: Courtesy of City of Cape Town

Rietvlei wetland near Cape Town, South Africa. Image: Courtesy of City of Cape Town
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Steenbras Dam above Gordon’s Bay, which supplies much of Cape Town’s 
water. As seen here in summer, the dam is about 70% full relative to when it is full 
following winter rainfall. Image: Courtesty of City of Cape Town
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water. Since future rainfall events will probably increase in 
intensity, a larger fraction will be lost as runoff as major 
flood events. 

Right now, in the summer of 2015, drought is facing 
southern Africa and is projected to cause wide-scale losses 
in agricultural crop production. This is associated with a 
current El Niño event. In general, future rainfall projections 
appear more El Niño-like than the present average, with 
dryer conditions over much of southern Africa, but wetter 
conditions in East Africa. Even so, climate scientists remain 
uncertain about the future behaviour of global ocean and 
atmospheric circulation patterns that cause El Niño events – 
so this makes rainfall predictions tricky to say the least. 

Will we run out of water?
From the previous discussion, it appears that the overall 
amount of rainfall over South Africa will be roughly the 
same, or somewhat less, but distributed unevenly between 
west and east, and the amount of rainfall may be harder to 
contain in rivers and dams if it arrives in large down-pours. 
Higher ground temperatures will also increase evaporation 
rates, so this will reduce the amount of water available for 
human, animal and plant use – particularly in the already 
drier western parts of the country.

One complicating issue is the way that plants use and lose 
water to the atmosphere via transpiration from their leaves. 
The amount being used and lost in this way is very different 
for different types of plants. For example, slow-growing and 
seasonal ‘water-wise’ indigenous plants use much less water 
through the year than fast-growing and evergreen invasive 
alien plants such as ‘thirsty’ wattles, pines or blue gums. 
Examples of common alien plants that absorb lots of water 
and should be removed include the silver wattle, cat’s claw 
creeper, oleander, Port Jackson willow, watercress, kikuyu 
grass, weeping willow and silky oak. This is the principal 
reason why the government-sponsored ‘Working for Water’ 
project is intent on clearing alien vegetation.

Water security in relatively dry catchments that become 
even drier will decline sharply. For example, in the Cape Town 
Metropolitan Region, water supply is likely to decrease by about 
0.3% per annum up to 2020, but climate change is predicted to 
increase demand by about 0.6% per annum – leaving a regional 
shortfall. By contrast, wetter regions in the east will be far less 
affected by water shortages as long as large ‘storm-flow’ events 
can be captured via dams and reservoirs. 

So what is the answer? South Africa already uses almost all 
of its available water for agriculture, industry and domestic 
use, even before considering the effects of climate change, 
and where there is a declining overall supply, this means 
that everyone gets less. But even so, everyone can help with 
rainwater collection tanks, industrial re-cycling of water and 
more efficient uses of water by agriculture. The growing 
water demand and diminishing supply has been anticipated, 
and with sufficient support and good implementation, the 
National Water Act (1998) can help South Africa to deal 
with the tricky task of balancing all competing water claims.

How will climate change affect freshwater 
ecosystems?
Wetland ecosystems include streams, rivers, lakes, pans, 
dams of various sizes, swamps, marshes and the estuaries 

A pristine cape mountain stream: the Winterhoek River, where rare endemic 
fishes such as the Cape Galaxid occur. Image: Bruce Paxton 

A very eutrophic pond dominated by the blue-green algae (cyanobacteria) 
Microcystis and Anabaena. These algae make the water undrinkable and 
usually strip the water of oxygen, making life almost impossible for the majority 
of other organisms. Image: Charles Griffiths
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along the coast. The flow in all southern African rivers has 
been reduced and interrupted by agricultural, industrial and 
urban water extraction and these effects will be exacerbated 
by climate change. While much of this water can be and 
is re-cycled back into these wetland ecosystems, re-cycled 
water is often polluted by silt, sewage, salts, nutrients and 
noxious chemicals. With reduced flow of clean water, 
polluted return flows cannot be adequately diluted, so 
their impacts become greater. This impacts negatively on 
biodiversity, or the health of the system.

Freshwater biodiversity, which includes aquatic and 
riparian (river-bank) plants, amphibians, fish, reptiles, water 
birds and the hundreds of species of insects, crustacea, and 
other invertebrate creatures that live in or near water, has 
been severely reduced, worldwide – more than any other 
aspect of biodiversity. Climate change is an additional stress 
on the already highly compromised freshwater ecosystems 
of southern Africa. These harmful changes have serious 
consequences for the health of freshwater systems and their 
ability to continue to supply people with clean water.

Two main mechanisms of climate change affect freshwater 
systems. Firstly, climate change has a direct impact on flow 
rates and on the amount and speed of runoff. Secondly, 
higher water temperatures are associated with deteriorating 
water quality – algal scum and disease-causing organisms 
both proliferate in slightly warmer water and they lower 
oxygen concentrations, particularly during the night 
when there is no photosynthesis to replenish oxygen 
concentrations. Also, where nutrient-rich runoff from 
over-fertilised farm-land enters water systems, this causes 
eutrophication and excessive productivity that is harmful. 
Often this is by invasive aquatic plants, such as the water 
hyacinth, parrot’s feather, water lettuce and water weed, 
which affect agriculture, fisheries (aquaculture), transport, 
recreation and water supply.

The biodiversity of rivers is largely maintained by the 
pattern of floods experienced. In the short term, these flush 
out and ‘reset’ the aquatic community. In the long term, 
they determine the proportions of different habitats, such as 
sandy reaches, muddy pools and exposed rock. Changes in 
rainfall patterns cause changes in runoff. The east coast and 
central interior of South Africa are projected to experience 
increases in total runoff due to climate change, while much 
of the Northern and Western Cape are anticipated to 
experience decreases in runoff. In both cases the flood peaks 
may become higher, and in the regions that are becoming 
more arid, the intervals between high-flow events will 
become longer.

Species that are resilient to the changes in freshwater 
ecosystems associated with climate change will become 
more abundant, while less adaptable species will become less 
abundant. These changes will affect community structure 
and alter food chains. Mountain stream organisms are 
considered to be most vulnerable to climate change because 
elevated sites are isolated from one another, which reduces 
the organisms’ chances of adapting by migration. The 
inland waters of southern Africa support high levels of 
endemism, that is, species that occur nowhere else. Aquatic 
species in South Africa are more at risk than those in 
adjacent southern African countries, partly because of this 

endemism, but also because of the high degree of change 
the freshwater ecosystems have already experienced for non-
climate related reasons. Over half of our river and three 
quarters of our wetland ecosystems are considered highly 
threatened.

Streams that drain the Cape Floristic Region are 
characterised by tea-coloured water due to the tannins 
originating from fynbos. Of the 27 currently recognised 
indigenous freshwater fish species in the Cape Floristic 
Region of South Africa, nearly all are endemic to the 
region, and 19 are listed as threatened in the IUCN Red 
List of Threatened Species. The variability in stream flow 
from one year to the next in the upper tributaries does not 
cause significant problems, but the impact of temperature 
change is becoming evident. As temperatures rise, cool-
water loving, high-altitude species are restricted to the 
higher reaches of streams where water temperatures remain 
cooler. However, this isolates the communities, rendering 
them vulnerable to local extinction as their thermal refuges 
diminish. Lower down, in the slower-flowing water, the 
warm-water loving species can extend their range upstream 
as the water warms, and so are less at risk. What complicates 
both fish and invertebrate community structure, however, 
is the presence of invasive alien species such as trout and 
bass, both of which are aggressive predators that displace 
indigenous fish species. 

The amount of natural vegetation in catchments is a good 
predictor of river habitat health and integrity. For every 
10% loss of natural cover in a catchment area a 6% loss in 
freshwater biodiversity occurs. When the fraction of the 
landscape within a catchment that is occupied by cultivated 
land, urban areas or mining activities exceeds about one 
half, the river is likely to be in a poor state unless special 
steps are taken to maintain its health. The interventions 
include leaving generous ‘buffer strips’ of natural vegetation 
on either side of the river to absorb overland flow of silt 
and chemicals, and carefully protecting the large and small 
wetlands that act to purify the water. q

Associate Professor Mike Lucas is employed within the 
University of Cape Town’s Department of Biological Sciences. 
He is also an Honorary Research Associate at the National 
Oceanography Centre (NOC) in Southampton, UK. He 
conducts much of his research in the North and South 
Atlantic, as well as in the Southern Ocean and in the Benguela 
upwelling system.

The rare endemic and threatened Cape Galaxid of pristine Cape mountain 
streams, a cold-water species vulnerable to warming waters and invasive 
predators such as trout and bass. Image: Bruce Paxton



24 11|4 2015

Mike Lucas discusses how climate 
change is influencing South 
Africa’s surrounding oceans.

E
arth truly is the ‘Blue Planet’, with 71% of the 
surface covered by oceans that average 3 - 4 km in 
depth. South Africa’s coast is surrounded by the 
Atlantic Ocean on the west and the Indian Ocean 

on the east. We have two major ocean currents on either side 
of the country. The nutrient-poor southward running warm 
Agulhas current on the east coast of South Africa, which 
does not support major fisheries,  retroflects back on itself 
when it reaches Cape Agulhas at the tip of South Africa. 
About nine rings of warm water are shed each year into 
the Atlantic basin, which adds heat and salt to the South 
Atlantic. Upwelling nutrient-rich cold water characterises 
the Benguela upwelling system of the west coast, supporting 
strong phytoplankton blooms and a rich pelagic fishery of 
anchovy and sardines and a robust demersal hake fishery.

We have major effects on the oceans – plastic pollution, oil 
spills, and declining fish catches to take just three examples. 
Added to this are the more pernicious changes as a result 
of climate change. These include warming oceans, changes 
in saltiness, altered ocean currents, changes in nutrient 
biogeochemistry, changes in ocean pH – more commonly 
referred to as ‘ocean acidification’ – and changes in sea level.

These physical and biogeochemical changes have profound 
effects on biological communities. Changes in sea temperatures 
can affect where organisms live, depending both on their 
tolerances to temperature changes and their mobility. Some 
temperature changes offer new environments for mobile 
species to migrate into, while restricting the biogeographic 
range of other species, particularly those that cannot move. 
Changes in biological and physical interactions may alter 
biodiversity and this in turn can affect both ecosystem 
structure and functioning – affecting every trophic level from 

The nutrient-poor southward running warm Agulhas current travels on the east 
coast of South Africa. Upwelling nutrient-rich cold water characterises the 
Benguela upwelling system of the west coast. Image: Adapted from Lutjeharms, 2011

This global map of changing temperatures compares 19th century temperatures 
with recent temperatures to show a map of temperature changes. Warming 
has been observed nearly everywhere, except just south of Greenland, where 
cold water is accumulating on the ocean surface as a result of the Greenland 
ice cap melting and changes in ocean circulation. White areas have insufficient 
data to allow changes to be calculated. Image: IPCC AR5

Our oceans – constantly changing

Breaking waves. Image: Peter Corbett
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phytoplankton to fish and top predators such as tuna, sharks, 
sea-birds, seals and whales. Ocean acidification is pervasive 
and will have long-term impacts on many marine organisms, 
especially those that incorporate calcium carbonate shells into 
their body structure, such as shellfish. Sea-level rise will mostly 
affect humans who live in low-lying coastal regions, but inter-
tidal organisms will also be affected.

This article provides a summary of the most up-to-date 
information we have on how climate change will affect the 
seas around South Africa. Much of the information is taken 
from the latest IPCC (2014) report and the most recent 
literature available. Other information is almost anecdotal, 
such as information gleaned from the fishing industry, from 
fishermen and from a growing band of ‘citizen scientists’. All 
have the same story to tell – there is unfolding change.

Changes in sea surface temperatures

Globally
Over the last 200 years, global temperatures have risen fairly 
steadily, with one or two downturns associated with changes in 
volcanic activity, atmospheric and oceanic circulation patterns. 
Northern hemisphere land masses are warming at a much faster 
rate than either southern hemisphere land masses or the global 
oceans. Oceans warm up relatively slowly because of their vast 
volume – and warming is most in the top 75 - 100 m.

Regionally
The sea surface temperature averaged over the entire Benguela 
ecosystem has warmed significantly over the last 30 years, and 
the region is now considered an ocean-warming hotspot. The 
Agulhas Current is warming, as is the northern Benguela region, 
while there has been cooling in the southern Benguela and 
along the south coast over the last two decades.

The overall warming of the South Atlantic is consistent 
with general global warming, but near-shore cooling of the 
southern Benguela has a more complicated explanation. 
The South African land mass warms faster than the adjacent 
ocean, and this increases the temperature and pressure 
gradients between the South Atlantic high-pressure system 
over the sea, and the continental low-pressure system over 
the land. This intensifies the south-easterly winds that drive 
summertime upwelling in the southern Benguela. Further 

cooling of the southern Benguela will reduce the amount 
of evaporation, and therefore atmospheric moisture, 
potentially making this region even drier than it is now. 

Primary productivity and low oxygen ‘dead zones’
The upwelling of nutrient-rich water to the sun-lit surface of 
the ocean stimulates the growth of large diatom-dominated 
phytoplankton blooms characterised by very high rates of 
productivity, providing abundant food to support a rich 
and productive ecosystem, including shoals of commercially 
important anchovy and sardines. In deeper waters at the edge of 
the continental shelf, hake thrive, while in near-shore kelp beds, 
rock lobsters and abalone are fished commerically by west coast 
fishing communities. However, excessive rates of upwelling and 
productivity – if that happens – may come at a cost.

High phytoplankton biomass and the subsequent 
decomposition of decaying organic material by bacterial activity 
strips the water of oxygen, which kills in-shore species such as 
rock lobster. Average global oxygen concentrations at 200 m 
depth are between 200 - 300 µmol O

2
 per kg of sea water, but off 

Angola and in the northern Benguela, there is barely a quarter 
of this – about 50 µmol O

2
 per kg of sea water or less. These 

low-oxygen events, resulting primarily from the southward 
movement of low-oxygen subtropical water from the north, 
appear to be increasing off Namibia and can push southwards 
into the southern Benguela. Such low-oxygen events can kill 
adult hake, but not juveniles, who can use this low-oxygen 
water as a refuge from their cannibalistic peers! We may expect 
more climate change-related low-oxygen events throughout the 
Benguela system in future, since the middle layers of the ocean 
are generally becoming oxygen-poor.

Complex changes to ocean biogeochemistry occur if the 
ocean is stripped of oxygen. If aerobic bacteria are replaced 
by anaerobic bacteria, nitrate (NO

3
) is lost as nitrogen 

gas (N
2
) to the atmosphere and even further O

2
 and NO

3 

depletion can lead to hydrogen sulfide-rich ‘black-tides’ that 
are toxic and lethal to most organisms. 

Species on the move?
One feature of changing sea surface temperatures (SSTs) is 
that organisms adapted to a particular temperature range may 
find themselves facing physiologically intolerable changes in 

Left: Changes in sea surface temperature around southern Africa.  
Image: Re-drawn from M Rouault, 2011

Very large waves causing damage to coastal properties at a restaurant in Kalk 
Bay near Cape Town. Image: Courtesy City of Cape Town
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temperature – or alternatively, changes in SST give organisms 
the opportunity to colonise new areas. As the southern Benguela 
is cooling and the Agulhas is warming, this encourages various 
organisms such as planktonic organisms, kelps, urchins, rock 
lobsters, fishes and predators to pack their bags and move if they 
can (see Quest 8(2) 2012).

If the organisms are mobile, such as fish species, this is both 
practical and also provides them the opportunity to colonise 
new regions previously inaccessible to them. By contrast, reef-
building corals are sessile (as adults) and rising SST is and will 
create serious problems for them – notably coral bleaching - as 
described in a previously (Quest 8(2) 2012). 

Sea-level rise and stormy seas
Since the last report on the impacts of sea-level rise (SLR) 
globally and around South Africa (Quest 7(3) 2011), more 
precise changes in our projections have emerged, with the 
IPCC (2014) coming to a much more reliable and somewhat 
more conservative estimate of SLR – but with some 
important and far-reaching warnings should this happen. 
This is dependent on the projections of SLR associated with 
Greenland ice-melt.  

Sea-level rise is attributable to several effects: thermal 
expansion of the oceans, melt-water from land-based 
glaciers, melt-water from the Greenland and Antarctic 
ice sheets, and even, to a small extent, to unsustainable 
pumping of water from aquifers on land. To dispel one 
myth, it is not due to melting of floating sea ice at either 
pole, since melt-water from this source occupies a slightly 
smaller volume than its original ice volume, leaving sea level 
unaffected. (Think physics 101 and why ice cubes float in 
water!). 

Thermal expansion of the oceans was the major 
contributor to SLR in the past, but now land-based ice 
melt dominates sea-level rise, as increasing temperatures 
accelerate ice melt. In terms of future risks, it is the 
increasing contribution of Greenland and West Antarctic 
ice-sheet melt that is unsettling. So far their contribution to 
sea-level rise is small, but they could, combined, add about 
10 m of sea level if they were to melt completely. They are 
certain to carry on melting slowly over many centuries 
due to the global warming that has already occurred. The 
concern is that both these huge ice bodies are inherently 
unstable, and could collapse over decades instead. The 
temperature threshold for such a collapse in Greenland lies 
somewhere between 1 and 4°C above the 2000 temperature. 
This could be reached this century if warming continues 
unabated. The threshold for the West Antarctic ice sheet is 
not known – but the best available evidence is that ice-melt 
of this sheet is not imminent.

The Scientific Committee of Antarctic research (SCAR) 
report in 2013 recorded that ice shelf loss on both sides of 
the Antarctic peninsula over the last 50 years has been about 
28 000 km2, adding about 0.2 mm of SLR. This is a tiny 

The Ikan Tanda, which ran aground at Scarborough, Cape Peninsula, in 
September 2001. Image: Courtesy Argus Newspapers

As the atmospheric CO2 rises, the dissolved CO2 in the ocean (pCO2) rises in 
exact parallel, but delayed by a few decades. This causes the ocean pH to fall. 
The multiple coloured lines represent various datasets. Image: After IPCC WG1, AR5, 2013

Projected mean sea-level rise through to the 21st century. The red 
line shows the median estimate, and the orange shaded area is 
the range of uncertainty under a low mitigation (i.e. high climate 
change) scenario (RCP8.5). The blue line and shaded area shows 
the median estimate and uncertainty for an ambitious emission 
reduction scenario (IPCC AR5). Image: IPCC 2014
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amount, but the West Antarctic ice sheet is grounded below 
sea level and is being eroded from below by warm water. If 
this happened, it could just suddenly raft off into the ocean 
and create substantial sea-level rise.

So what about South Africa? Seal-level changes around 
South Africa fall well within the ranges we currently 
experience globally (about 3 mm per year), but there are 
some factors that minimise the impacts of SLR around us. 
We are not a low-lying country (unlike Bangladesh, the 
Maldives or Holland, for example), with the vast majority of 
our country exceeding 1 000 m in elevation. However, low-
lying estuaries, lagoons, wetlands and coastal plains will be 
affected. 

Storm events
The immediate issue is not SLR alone, but the cumulative 
combination of high tides, storm events and storm surges 
and the fact that around South Africa, average wave height 
(due to increased winds) is expected to increase – not only 
in magnitude, but also in frequency. Damaging coastal 
floods have already happened in South Africa, and will 
become more frequent and severe. Four big-wave events 
have occurred in the Cape over the last thirty years (May 
1984, September 2001, May 2002, and August 2008). They 
produced waves ranging from 11 to 17 m high, causing 
considerable damage to shipping and coastal infrastructure, 
including the loss of the bulk carrier Ikan Tanda, which 
ran aground at Scarborough on the Cape Peninsula 
in September 2001. In March 2007, an extreme storm 
coinciding with high spring tides and an offshore cyclone 
produced 8.5 m waves that crashed into the KwaZulu-
Natal coastline causing damage to coastal properties and 
infrastructure amounting to about R1 billion. Sometimes 
river floods coincide with high tides and storm surges to 
cause large local sea-level rises, such as occurred at the 
mouth of the Orange River in 2011. 

Ocean acidification
An unavoidable consequence of more CO

2
 dissolving in 

the oceans as the seawater comes into equilibrium with 
increasing amounts of CO

2
 in the atmosphere is the 

formation of carbonic acid, which lowers the ocean’s pH. 
This is called ocean acidification, and has proceeded in 
exact parallel with the better-publicised rise of CO

2
 in 

the atmosphere. Ocean pH has fallen over the past two 
centuries by about 0.1 pH units. This does not sound like 
much, but since pH is a logarithmic scale this translates to 
an approximately 30% increase in acidity. This process was 
previously described in a previous Quest article, Quest 6(4) 
2010. Since then, however, the process of ocean acidification 
has increased substantially. 

Articles adapted from Climate Change – Briefings from 
Southern Africa. By Bob Scholes, Mary Scholes and Mike 
Lucas. (Johannesburg. Wits University Press. 2015) q

Associate Professor Mike Lucas is employed within the 
University of Cape Town’s Department of Biological Sciences. 
He is also an Honorary Research Associate at the National 
Oceanography Centre (NOC) in Southampton, UK. He 
conducts much of his research in the North and South 
Atlantic, as well as in the Southern Ocean and in the Benguela 
upwelling system.

Climate change – frequently asked questions

Climate Change – Briefings from Southern Africa. By Bob 
Scholes, Mary Scholes and Mike Lucas. (Johannesburg. 
Wits University Press. 2015)
There are many books on climate 
change available these days, 
from heavy scientific volumes to 
essays from the business world. 
At the end of the day they tend 
to feel much the same and do 
little for the ordinary person who 
wants to know what all the fuss 
is about. This locally produced 
book is different. Rather than 
simply plunging into climate 
change and all the issues 
surrouding it, the background 
and science is explained by 
asking the questions that 
most people ask – How do 
greenhouse gases regulate 
the Earth’s temperature? How 
hot will it get? Will South 
Africa run out of water? How 
will ocean acidification affect 
marine organisms? – there 
are 55 such questions, each 
with a brief, clear and up-to-date reply. The book is lavishly illustrated with 
diagrams and photographs and uses local examples to explain complex issues 
in simple terms.

The authors of this book have worked on climate and climate change for 
more than 20 years. Bob Scholes is a Professor of Systems Ecology at Wits 
University and was a lead author on the International Panel for Climate Change 
(IPCC)’s assessments in 2000, 2007 and 2014. Mary Scholes is a Professor in 
the School of Animal, Plant and Environmental Sciences at Wits University and 
the South African Research Chairs Initiative chair focusing on global change 
and systems analysis – looking specifically on agriculture and food security. 
Mike Lucas is an Associate Professor in the Department of Biological Sciences 
at the University of Cape Town and his research focuses on how climate change 
affects the marine environment.

What about climate change sceptics? This question is asked frequently, and 
the lay press’s habit of presenting all arguments as equally weighted doesn’t 
help. The authors of this book provide a clearly reasoned answer by explaining 
the science and the research behind the science and the place of the IPCC 
reports that are released every six years. The evidence for climate change is 
unequivocal and the reasoning behind this is explained clearly and simply.

There are four sections: Section 1: Earth System Science – the processes 
that underlie climate change; Section 2: Consequences of a changing climate 
for the southern African environment; Section 3: Consequences of a changing 
climate for society; and Section 4: What can we do to avoid and adapt to 
climate change?

The content of each section is introduced generally before specific questions 
are asked and answered. You might be surprised to learn that the average 
global temperature is 15ºC, which means that some places are extremely hot 
and others extremely cold. There is an excellent section on how greenhouse 
gases regulate the Earth’s temperature – useful for students at many levels, as 
well as the ordinary reader. And as we are in the middle of an El Niño event, 
the section on how this and the opposite La Niña effect is particularly pertinent. 

A question we should all be asking is how hot might it get in South Africa 
this century – and the answer is that we can already see a warming trend, and 
one that is much higher than the global average rate – a worrying observation. 
Projections of future warming in southern Africa are a further 3 - 6ºC within the 
21st century – and maybe even more if greenhouse gas concentrations remain 
high. 

Climate change affects all of us and this book will help you to understand 
what it is, what is causing it and how (and if) we can adapt. What is clear is 
that life as we know it will change – and quite radically in some cases. 2015 is 
regarded as a watershed year – if global action is not taken there may well be 
a global average temperature rise of more than 2ºC above pre-industrial levels.

This book is essential reading for anyone interested in how climate change 
has happened and how it is going to affect us.

Books❚❚❚❙❙❙ ❘ ❘ ❘
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Young people are the 
population who are at 
highest risk of HIV infection. 
They need to be able to  
take prevention into their 
own hands. Quest looks at  
pre-exposure HIV prophylaxis.

Stopping HIV infection     in its tracks

S outh Africa has one of the highest number of 
people living with HIV and AIDS in the world. 
The most recent estimate of the overall HIV 
prevalence rate from Statistics South Africa is 

around 11% of the total South African population. The total 
number of people living with HIV in 2015 is estimated at 
around 6.19 million. For adults aged 15 - 49, an estimated 
16.6% of the population is HIV-positive.

Prevalence is a statistical concept and is the word used for 
the number of cases of a disease present in a particular 

population at a particular time. 
Incidence is the number of new cases of a disease that 

develop in a particular period of time.

Young men and women
Adolescents – young men and women – make up 25% of the 
population of sub-Saharan Africa – and 13.5 million South 
Africans. Most people living with HIV and AIDS are young 
people – young women in particular – and yet we have few 
things on offer to prevent our young people from acquiring 
this disease. Prevention methods on offer, while perhaps 
sensible and effective, are impractical – total abstinence Staff PrEP recruitment drive. Image: DTHC

PrEP discussion group. Image: DTHC

Community PrEP drive. Image: DTHC
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from sex, delaying starting sexual relations until older and 
sticking with one HIV-negative partner and always using a 
condom. Let’s get real – how realistic are these messages for 
young people today?

Vulnerable young women
Statistics show us that young women are far more likely to 
become infected with HIV than young men during their 
late teens and throughout their early years of childbearing. 
What are the reasons for this? Sadly, our society has high 
levels of sexual coercion and even violence. Men tend to be 
dominant and violence towards intimate partners is all too 
common, leading to decreased condom use and an increased 
risk of HIV infection in adolescent and young women. 
It isn’t always easy for a younger woman to ask a male 
partner who may be older to get tested for HIV or to use 
a condom. Older men are more likely to be infected with 
HIV than adolescents, which may also contribute to sudden 
increases in HIV infection, since many young women have 
relationships with older men – particularly older men with 
more money.

Prevention strategies
Knowing all this, what can we do? Clearly young women 
need to be able to take control of the situation for 
themselves. At first it looked as though vaginal microbicides 
– specifically gels that contain anti-HIV drugs that are 
applied directly to the vagina before sex and after sex – 
could be the answer. However, because too few women used 
the gel correctly in two subsequent trials it wasn’t possible 
to see if tenofovir gel did prevent HIV infection.  However, 
the concept of the use of antiretrovirals (anti-HIV drug) 
for prevention has been demonstrated through daily pills – 
called oral pre-exposure prophylaxis (PrEP). This involves 
someone who is HIV-negative taking a single or dual 

The Desmond Tutu HIV Foundation

The Desmond Tutu HIV Foundation (DTHF) is housed within 
the Desmond Tutu HIV Centre (DTHC) at the University of Cape 
Town. The centre is committed to the pursuit of exellence in 
research, treatment, training and prevention of HIV and related 
infections in southern Africa. 
For more information see http://desmondtutuhivfoundation.
org.za/about/background/

Stopping HIV infection     in its tracks

HIV & AIDS❚❚❚❙❙❙ ❘ ❘ ❘

DTHF Youth education and empowerment camp. Image: DTHC

CHAMPS SA launch. Image: DTHC
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antiretroviral to protect themselves against HIV infection.
Over the past few years there have been many trials 

looking at the idea of PrEP and testing different 
antiretrovirals and formulations and ways to deliver 
the drugs, including monthly rings, and 2 - 3 monthly 
injections. Some of these trials are currently underway. 
The most advanced of these trials is the use of tenofovir-
based tablets. These studies have involved more than 17 000 
people and have shown that taking PrEP can reduce the 
risk of acquiring HIV by up to 86%. Of course, the most 
important factor in the effectiveness of antiretroviral-based 
PrEP is that people actually take the PrEP pills. At the 
moment there are very few studies that have included young 
women in sub-Saharan Africa, especially women less than 
18 years old. Most of the current research has taken place in 
North America and Europe. These studies found that most 
young people are open to the idea, although there are some 
concerns about the side-effects of the drugs used and how 
easy it will be to remember to take a daily pill. 

The few, small studies that have been done in Africa 
suggest that local concerns would be similar – with young 
women generally enthusiastic about the idea of PrEP, 
especially since taking a daily pill is something they can do 
privately and independently. 

Which drugs?
Antiretroviral drugs have been in use for many decades 
now and their safety and side-effect profiles are well known. 
The two drugs that are most likely to be used for PrEP are 
tenofovir alone or in combination with emtricitabine, which 
have the best safety profile. Both drugs have been in use 
worldwide for many years, in many patients and they are 
regarded as a safe combination in people on HIV treatment, 
forming part of the triple, single-pill antiretroviral agent 
currently being dispensed to millions of HIV-positive 
South Africans. In all the PrEP studies there have been few 
unpleasant side-effects and those that have occurred have 
been mild, such as headaches and mild diarrhoea, which 
have all gone away in a few weeks. 

Official guidelines
South African researchers are now advocating for a pill 
a day as a form of oral PrEP that can be used by young 
men and women discreetly and independently as part of a 
combination package that can reduce new HIV infections. 
Their recommendations were mirrored in the most recent  
World Health Organization (WHO) guidelines, released in 
September 2015, recommending that HIV-negative people 
at high risk of HIV infection should take a daily tenofovir-
based pill to prevent infection. 

Oral PrEP is something that only needs to be taken 
when a person expects to be exposed to HIV – think about 
antimalarial tablets – you only take them when you are in a 
malarial area.They should also be prescribed by a healthcare 
practitioner and need to be given as part of a broader 
prevention combination, including regular HIV screening, 
health checks and counselling. 

CHAMPS-SA
The challenge now, given the evidence suggesting that 
daily PrEP is the way to go, is getting this out into the 
community and to young people in particular. Researchers 
at the University of Cape Town are leading the way in 
South Africa with a study called Pluspills that is part of 
the broader CHAMPS-SA project of the Desmond Tutu 
HIV Foundation. This study is currently enrolling 150 
young men and women aged 15 - 19 years in Cape Town 
and Soweto. The aim of the study is to see whether young 
people will actually want to take PrEP, whether a daily pill 
is feasible and how easy it will be to remember to take a 
daily pill. The young people who volunteer for the study are 
pioneers who are helping to make HIV prevention history! 
The data from this study will be available in August 2016. q

Bekker L-G, Gill K, Wallace M. 2015. Pre-exposure prophylaxis for South African adolescents: 
What evidence? South African Medical Journal 105(11):907-911. DOI:10.7196/SAMJ.2015.
v105i11.10222

DTHF staff celebrate CHAMPS launch. Image: DTHC
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T. rex may have been a cannibal

Courtesy of Geological Society of America and World Science staff
A recently unearthed tyrannosaur bone has revealed a nasty 

little 66-million-year-old family secret, scientists claim: the bone 
has peculiar tooth marks strongly suggesting it was gnawed by 
another tyrannosaur. 

‘We were out in Wyoming digging up dinosaurs in the Lance 
Formation,’ said palaeontologist Matthew McLain of Loma Linda 
University in California.

‘Someone found a tyrannosaur bone that was broken at both 
ends. It was covered in grooves.’

The grooves were clearly those of an animal pulling the flesh off 
the bone – pulling at right angles to the bone, as humans eat fried 
chicken, he said. But one groove stood out. It was at the larger 
end of the bone and contained smaller parallel grooves caused by 
the diner’s head turning, so that the serrated edges of its teeth 
dragged across the bone.

Serrated teeth rule out crocodiles and point to a dinosaur like 
Tyrannosaurus rex, which is part of a lineage of dinosaurs called 
theropods. 

The only large theropods found in the Lance Formation are two 
tyrannosaurs – T. rex or Nanotyrannus lancensis – eliminating all 
interpretations but cannibalism, explained McLain.

‘This has to be a tyrannosaur,’ said McLain. ‘There’s just nothing 
else that has such big teeth.’
Source: World Science, http://www.world-science.net

An artist’s rendering of a solar storm hitting Mars and stripping ions from the planet’s upper atmosphere. Image: NASA/GSFC

News❚❚❚❙❙❙ ❘ ❘ ❘

Tyrannosaurus rex hunting as a pair. Image: Ryanz720, via Wikimedia Commons

NASA mission reveals speed of solar wind* stripping Martian atmosphere

NASA’s Mars Atmosphere and Volatile Evolution (MAVEN) mission 
has identified the process that appears to have played a key role 
in the transition of the Martian climate from an early, warm and 
wet environment that might have supported surface life to the 
cold, arid planet Mars is today.

The data reveal that the erosion of Mars’ atmosphere increases 
significantly during solar storms. 

‘Mars appears to have had a thick atmosphere warm enough 
to support liquid water which is a key ingredient and medium for 
life as we currently know it,’ said John Grunsfeld, astronaut and 
associate administrator for the NASA Science Mission Directorate 
in Washington. 

MAVEN measurements indicate that the solar wind strips away 
gas at a rate of about 100 g/second. That doesn’t sound like 

much, but over millions of years the loss becomes significant.
In addition, a series of dramatic solar storms hit Mars’ 

atmosphere in March 2015, and MAVEN found that the loss was 
accelerated. The combination of greater loss rates and increased 
solar storms in the past suggests that loss of atmosphere to space 
was likely a major process in changing the Martian climate.
*The solar wind is a stream of particles, mainly protons and 
electrons, flowing from the sun’s atmosphere at a speed of about 
1.6m km/h. The magnetic field carried by the solar wind as it 
flows past Mars can generate an electric field, much as a turbine 
on Earth can be used to generate electricity. This electric field 
accelerates electrically charged gas atoms, called ions, in Mars’ 
upper atmosphere and shoots them into space.
Source: NASA
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Fossils representing at least  
15 individuals may alter views  
of human behaviour. 

New species of human relative 
discovered in South African cave

T
he discovery of a new species of human relative 
was announced on 10 September 2015, by 
the University of the Witwatersrand (Wits 
University), the National Geographic Society and 

the Department of Science and Technology (DST) and the 
National Research Foundation of South Africa (NRF). 

Besides shedding light on the origins and diversity of 
our genus, the new species, Homo naledi, appears to have 
intentionally deposited bodies of its dead in a remote cave 
chamber, a behaviour previously thought limited to humans. 

Consisting of more than 1 550 numbered fossil elements, 
the discovery is the single largest fossil hominin find yet 
made on the continent of Africa. 

About H. naledi 
The initial discovery was made in 2013 in a cave known as 
Rising Star in the Cradle of Humankind World Heritage 
Site, some 50 km northwest of Johannesburg, South Africa, 
by Wits University scientists and volunteer cavers. 

The fossils, which have yet to be dated, lay in a chamber A diagram of the Rising Star cave system. Image: Eric Roberts, Wits University, National Geographic

Homo naledi. Image: cc John Hawks, Wits University
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about 90 m from the cave entrance, accessible only through 
a chute so narrow that a special team of very slender 
individuals was needed to retrieve them. 

So far, the team has recovered parts of at least 15 
individuals of the same species, a small fraction of the fossils 
believed to remain in the chamber. 

‘With almost every bone in the body represented 
multiple times, Homo naledi is already practically the 
best-known fossil member of our lineage,’ said Lee Berger, 
research professor in the Evolutionary Studies Institute at 
Wits University and a National Geographic Explorer-in-
Residence, who led the two expeditions that discovered and 
recovered the fossils. 

‘The South African Strategy for the Paleosciences provides an 
explicit roadmap that includes government’s vision to protect, 
preserve and generate knowledge in this critical scientific area. 
Central to the strategy is the mandate of the National Research 
Foundation (NRF) of SA, namely the development of excellent 
human capital, and contributing to the knowledge economy 
through new knowledge generation. Therefore, it was natural 
for the NRF to be involved in this project and we are excited 
about its findings and we congratulate the team.’ said Dr Gansen 
Pillay, Deputy CEO of the NRF. 

A blend of primitive and human 
H. naledi was named after the Rising Star cave — ‘naledi’ means 
‘star’ in Sesotho. ‘Overall, Homo naledi looks like one of the 
most primitive members of our genus, but it also has some 
surprisingly human-like features, enough to warrant placing 
it in the genus Homo,’ said John Hawks of the University 
of Wisconsin-Madison, USA, a senior author of the paper 
describing the new species. ‘H. naledi had a tiny brain, about the 
size of an average orange (about 500 cm3), perched atop a very 

Palaeoanthropology❚❚❚❙❙❙ ❘ ❘ ❘

Entrance to the Rising Star cave system. Image: cc Wits University

Homo naledi skull. Image: cc Wits University



34 11|4 2015

slender body.’ The research shows that, on average, H. naledi 
stood approximately 1.5 m tall and weighed about 45 kg. 

H. naledi’s teeth are described as similar to those of the 
earliest-known members of our genus, such as Homo habilis, 
as are most features of the skull. The shoulders, however, are 
more similar to those of apes. ‘The hands suggest tool-using 
capabilities,’ said Dr Tracy Kivell of the University of Kent, UK, 
who was part of the team that studied this aspect of H. naledi’s 
anatomy. ‘Surprisingly, H. naledi has extremely curved fingers, 
more curved than almost any other species of early hominin, 
which clearly demonstrates climbing capabilities.’ 

This contrasts with the feet of H. naledi, which are 
‘virtually indistinguishable from those of modern humans,’ 
said Dr William Harcourt-Smith of Lehman College, City 
University of New York, and the American Museum of 
Natural History, who led the study of H. naledi’s feet. Its 
feet, combined with its long legs, suggest that the species 
was well-suited for long-distance walking. ‘The combination 
of anatomical features in H. naledi distinguishes it from any 
previously known species,’ added Berger. 

Appearance of ritualised behaviour 
Perhaps most remarkably, the context of the find has led the 
researchers to conclude that this primitive-looking hominin 
may have practised a form of behaviour previously thought 
to be unique to modern humans. The fossils — which 
consist of infants, children, adults and elderly individuals 
— were found in a room deep underground that the team 
named the Dinaledi Chamber, or ‘Chamber of Stars’. 

That room has ‘always been isolated from other chambers 
and never been open directly to the surface,’ said Dr Paul 
Dirks of James Cook University in Queensland, Australia, 
lead author of the eLife paper on the context of the find. 
‘What’s important for people to understand is that the 
remains were found practically alone in this remote 
chamber in the absence of any other major fossil animals.’ 

So remote was the space that out of more than 1 550 fossil 
elements recovered, only about a dozen are not hominin, 
and these few pieces are isolated mouse and bird remains, 
meaning that the chamber attracted few accidental visitors. 
‘Such a situation is unprecedented in the fossil hominin 
record,’ Hawks said. 

The team notes that the bones bear no marks of 
scavengers or carnivores or any other signs that non-
hominin agents or natural processes, such as moving water, 
carried these individuals into the chamber. 

Homo naledi hand. Image: cc John Hawks, Wits University

Mandible occlusal. Image: cc John Hawks, Wits University

Lindsay Eaves in the Rising Star cave. Image: cc Ellen Feuerriegel, Wits University
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‘We explored every alternative scenario, including mass 
death, an unknown carnivore, water transport from another 
location, or accidental death in a death trap, among others,’ 
said Berger. ‘In examining every other option, we were left 
with intentional body disposal by Homo naledi as the most 
plausible scenario.’ 

This suggests the possibility of a form of ritualised 
behaviour previously thought to be unique to humans. (In 
this context, ritualised refers to repeated behaviour.) 

‘Underground astronauts’ 
The fossil material was recovered in two expeditions conducted 
in November 2013 and March 2014, dubbed the Rising Star 
Expeditions. In the initial expedition, over a period of 21 days, 
more than 60 cavers and scientists worked together in what 
Marina Elliott, one of the excavating scientists, described as 
‘some of the most difficult and dangerous conditions ever 
encountered in the search for human origins’. 

Elliott was one of six women selected as ‘underground 
astronauts’ from a global pool of candidates after Berger 
issued a call on social media for experienced scientists/
cavers who could fit through the 18-cm-wide cave opening. 
Social media continued to play a role in the project, as 
the team shared expedition progress with a large public 
audience, schoolchildren and scientists. 

‘This was a first in the history of the field,’ said Hawks, 
who worked with Berger to design the media outreach. 

The fossils were analysed in a unique workshop in 
May 2014 funded by the South African DST/NRF, Wits 
University and National Geographic. More than 50 
experienced scientists and early-career researchers came 
together to study and analyse the treasure trove of fossils 
and to write scientific papers. 

Much remains to be discovered in the Rising Star cave. 

‘This chamber has not given up all of its secrets,’ Berger said. 
‘There are potentially hundreds if not thousands of remains 
of H. naledi still down there.’ 

The finds are described in two papers published in the 
scientific journal eLife and reported in the cover story of the 
October 2015 issue of National Geographic magazine and a 
NOVA/National Geographic Special. q

This article was released by Wits University. 

The papers ‘Homo naledi, a new species of the genus Homo from the Dinaledi Chamber, South 
Africa’ and ‘Geological and taphonomic context for the new hominin species Homo naledi from 
the Dinaledi Chamber, South Africa’ can be freely accessed online at http://dx.doi.org/10.7554/
eLife.09560 and http://dx.doi.org/10.7554/eLife.09561. These articles are distributed under 
the terms of the Creative Commons Attribution License, which permits unrestricted use and 
redistribution provided that the original author and source are credited. 

Underground astronauts, as the team of explorers were called. Image: cc Wits University

Professors Lee Berger and John Hawks. 
Image: cc Wits University
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Jan Smit explains the physics behind bursting tyres.

Why tyres burst at high speed

P 
opular misconception is that tyres burst at high speed 
as a result of heat. When a tyre travels at high speed 
on a road the tyre gets hot, the air inside expands and 
the pressure rises. The tyre then bursts as result of the 

increase in pressure.

We examine this possibility
Consider the gas equation  PV = nRT where:
n P = pressure inside the tyre 
n V = the volume of air inside 
n R = the universal gas constant 
n n = the number of air molecules inside the tyre
n T = the temperature inside the tyre. 

T is in kelvin. To obtain T one must add 273 to the celsius 
temperature. If, for example, the celsius temperature is 27°C 
the kelvin temperature is 273 + 27 = 300 K. It needs to be 
noted that V, n and R are constants. V is constant because a 
tyre does not expand with a rise in temperature and n is the 
number of air moles inside. This is constant as one does not 
pump a tyre when the tyre is being driven. R = the universal 
gas constant. 

This leaves P proportional to T.
The implication is that if the temperature rises by 30°C 

from 300 K to 330 K, a 10% rise, then P must also rise by 
10%. That means if you started with tyres pumped to 2 bar 
the pressure would rise to 2.2 bar – 10% of 2 is 0.2. This is 
not a significant increase in tyre pressure. It is unlikely that 
a tyre would burst due to this small increase in pressure.

What does make a tyre burst at high speed?
The reason can be traced back to Newton’s First Law of 
Motion. According to this Law every piece of rubber on the 
tyre would continue to move in a straight line at the same 
velocity v. 

As all pieces are fixed to the tyre they are forced to travel 
in circles. The force F, needed to keep a piece of mass m, 
moving at speed v, in a circle of radius r, is: 

F = mv2/r
The speed v is equal to the speed the tyre rolls on the road 

– the speed of the car.
From the equation it is clear that F increases with v2.  

This is a parabolic increase. If a car travels at 120 km/h and 
speeds up to 150 km/h, the force on a piece of rubber on 
a tyre increases by a factor 1502/1202 = 1.625. The effective 
pressure inside the tyre on the tread would increase by 
the same factor. A tyre pumped to 2 bar would experience 
an effective pressure of 2 x 1.625 = 3.25 bar. If the car is 
running faster the increase would be more.  

At high speed tyres literally explode due to the circular 
force that can be related to Newton’s First Law of Motion. q

Jan Smit is Manager of the Science Centre, North West 
University at Potchefstroom. He holds a DSc in Nuclear 
Physics.

A flat tyre. Image: www.livescience.com
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Newton’s First Law of Motion.

A burst tyre. Image: cartoq.com
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How are water, air, plants and sea life related? 
Jan Smit and Lerato Molebatsi explain.

Water, air, plants & sea life

S
tart with a clear glass beaker filled with tap water on a flame.
 You will observe that bubbles form in the water at the side and bottom of 
the beaker. The bubbles form long before the water starts to boil. 

How do we explain the formation of the bubbles?  
It is a fact that the solubility of air in water decreases with increase in temperature. 
In cold water more air is dissolved than in hot water. This is just the opposite 
of what happens in solid substances like sugar and table salt. More sugar or salt 
dissolves in hot water than in cold water. 

What are the consequences of this decrease in solubility of air in 
water with increase in water temperature?
Consider raindrops during a rain storm. The drops fall through the atmosphere 
and cool due to evaporation. The drops also move through the air and collide 
with air molecules – mainly nitrogen (80%) and oxygen (10%). These air 
molecules are carried by the rain drops and enter the soil where plant roots are. 
The plants take up the rainwater rich in nitrogen –  plants love nitrogen! Why?

This explains why plants grow so well after a rainstorm or when watered with 
rainwater.

Ocean currents
Let us now turn to the two oceans on either side of the coasts of South Africa. On 
the West coast is the cold Benguela current (Atlantic Ocean) – coming from the 
South Pole and flowing north. At the East coast is the hot Agulhas Current (Indian 
Ocean) flowing from the equator southwards. We know that the cold Benguela 
waters are rich in fish life and fewer fish are found in the warm Indian Ocean. 
Why?

Recall the experiment we started with. Its outcome was that in cold water more 
air (nitrogen and oxygen) is dissolved than in hot water. Apply this to the cold 
Benguela waters. A lot of nitrogen and oxygen is dissolved in the sea water. The 
nitrogen is essential for the small sea plants – plankton – to grow. Plankton serves 
as food for fish – from the small sardine to the large whale! All animals need 
oxygen to live. The oxygen dissolved in the water goes through the fish’s gills, 
where it is brought in contact with the fish’s blood.

There is thus plenty of food and sufficient oxygen in the cold water for fish to 
flourish.

In the much warmer water of the Indian Ocean there is less food and oxygen. 
This explains the difference in fish populations in the cold and warm oceans 
flanking South Africa.

And finally – lightning
On the Highveld thunderstorms frequently occur. Lightning flashes between 
clouds and between the Earth and clouds are nothing more than huge electric 
currents that heat up the air to high temperatures. At these high temperatures the 
nitrogen and oxygen in the atmosphere combine chemically and form nitrogen 
oxides. These oxides are soluble in water. When raindrops collide with these 
nitrogen oxides different nitrogen compounds are formed. These compounds are 
carried by the rainwater and ultimately are taken up by the roots of plants. The 
result is plants that grow well. This means that rainwater after a thunderstorm 
carries nitrogen-containing compounds that provide extra stimulus to plant 
growth, as well as the normal levels of dissolved nitrogen. q

Prof. Jan Smit is the manager of the North-West University Science Centre, 
Potchefstroom Campus. He is a nuclear physicist by training and specialises in 
physics education. He has a keen interest in the world around him and how it can be 
interpreted scientifically. 
  Lerato Molebatsi works with Prof. Smit in the Science Centre.
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Bubbles start forming in heated water long before the 
water starts to boil. Image: Jan Smit

Raindrops hit air molecules as they move through the 
air. Image: Jan Smit

The Benguela current and the Agulhas current. 
Image: Jan Smit

Lightning on the high veld. Image: Jan Smit
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Why alternative medicine should be integrated into conventional health care

A proposal to restructure primary healthcare in South 
Africa provides the perfect opportunity for complementary 
and alternative medicine to be formally integrated into 
the country’s health system. By Gail Hughes and Oluchi 
Mbamalu.

Complementary and alternative medicine is any practice of 
medicine that is outside mainstream conventional allopathic 
medicine. Some of these medicines may be sourced from natural 
herbs and are referred to as herbal medicines. They are used, 
among others, as remedies for a variety of ailments like coughs 
and insomnia and as dietary supplements and for weight loss.

In South Africa, as in many other countries, these alternative 
treatments are used alongside conventional medicines rather than 
exclusively. They are also chosen by patients rather than prescribed 
to them, which creates a complementary rather than an alternative 
practice.

In 2014 the government amended the Medicines and Related 
Substances Act. Practitioners of complementary and alternative 
medicine are now officially recognised and are obliged to register 
with the Allied Health Professions Council.

The amendment has been seen as the government 
acknowledging complementary and alternative medicines, but it 
has not translated into their inclusion into health policy. There is 
still much to be done before there’s symbiosis between these two 
systems.

Filling a critical gap
South Africa’s private healthcare system is rated among the best in 
Africa, with facilities said to be comparable with those in developed 
economies.

Against this backdrop it may seem counter-productive to 
focus on the integration of conventional with complementary 
health approaches. But the reality is that the population’s 
healthcare demands are not being met. This is particularly true 
in the country’s rural areas, where access to basic conventional 
healthcare is extremely limited.

In these rural settings, complementary and alternative medicine 
practices are common. The rich diversity of South Africa means 
there are a variety of alternative medicine approaches. However, 
current literature provides little information on its use.

Fully including these treatments into the health care 
programmes would ensure that safety, quality and efficacy studies 
are available and regulated. This is particularly important given the 
potential for side-effects that the existing health care system may 
be unaware of or is ill-prepared to manage.

A global picture
Across the globe, only a few countries have achieved full 
integration. These include China, Korea and Vietnam.

But there is more to integrating complementary medicine 
than using one treatment with another. In an integrated system, 
complementary healthcare approaches are officially recognised 
and incorporated into all aspects of health as well as the national 
drug policy. Training and treatment measures are registered and 
properly regulated. Patients can access both conventional and 
complementary products and services.

In Equatorial Guinea, Nigeria, Mali, Canada and India, 
complementary medicine practices are inclusive rather than 
integrated. This is because the practice is not fully incorporated 
into all aspects of health. In these countries, complementary 
medicines are extensively used but are not fully accepted for 
healthcare provision. They are also not fully included in the 
national drug policy.

Many other countries have a ‘tolerant’ system of complementary 
medicine, which means that allopathy is the major system of care 
and some complementary approaches are allowed under law. 
South Africa falls in this subcategory.

The challenges
The popularity of complementary and alternative medicine in South 
Africa has resulted in calls for it to be integrated into the country’s 
healthcare and medical education systems.

But there are two problems. Firstly, integrative measures into 
medical and health schools in South Africa are almost non-
existent. Linked to this is a scarcity of studies on the integration 
of these medicines with conventional ones and their effect on 
patients.

Secondly, there are challenges in deciding what student trainees 
should be taught. Adding the ‘selected content’ to the intense 
schedule of medical, pharmacy, nursing and the allied health 
professions students will pose considerable challenges.

Valuable lessons could be learnt from countries like Cuba, where 
complementary medicine is integrated into training and practice. 
Medical students are extensively trained in the theoretical and 
practical aspects of complementary and alternative medicine. 
Only duly qualified and certified health professionals are allowed 
to practise with complementary and alternative medicine. This 
ensures that patients are not exposed to unsafe practices.

Moving towards a single system
South Africa’s diversity means there are a variety of 
complementary health approaches that may differ among different 
racial, ethnic and cultural groups. This may pose a challenge to 
inclusion.

As a start, South Africa can create inclusion strategies which 
will see integration happen over time. These would include quality 
and efficacy studies and scientific evidence supporting the use of 
complementary and alternative medicines.

Inclusion strategies may need to be initiated in a specific 
province, with the full support of government and advisory bodies 
sanctioned by regulatory authorities. This would focus attention on 
a smaller area and may limit associated errors.

The strategy would also need to incorporate alternative medicine 
practices into the training curriculum of medical and healthcare 
workers. This would raise awareness of complementary practices 
among students and expose conventional health practitioners to 
the benefits and disadvantages.

This strategy would have several benefits, such as successfully 
incorporating complementary practices into the health system. It 
would also mean that practitioners could advise patients about 
medicines and treatments accordingly. Most importantly, it would 
advance the agenda of healthcare for all in South Africa.

Gail Hughes is Professor and Director South African Herbal 
Science and Medicine Institute (SAHSM) at University of the 
Western Cape. 
  Oluchi Mbamalu is a researcher at the School of Pharmacy at 
University of the Western Cape.
This article was published in The Conversation, a collaboration 
between editors and academics to provide informed news analysis 
and commentary.

Herbal medicines. Image: africheck.org
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The million-year-old monkey: new evidence 
confirms the antiquity of fossil primate  
from the Dominican Republic 

An international team of scientists have dated 
a species of fossil monkey found across the 
Caribbean to just over 1 million years old.

The discovery was made after the researchers recovered a fossil 
tibia (shin bone) belonging to the species of extinct monkey 
Antillothrix bernensis from an underwater cave in Altagracia 
Province, Dominican Republic. The fossil was embedded in a 
limestone rock that was dated using the Uranium-series technique.

In a paper published this week in the international journal, the 
Journal of Human Evolution, the team use three-dimensional 
geometric morphometrics to confirm that the fossil tibia does 
indeed belong to Antillothrix bernensis, a primate that we now 
know existed on Hispaniola relatively unchanged for over a million 
years. This monkey, roughly the size of a small cat, was tree-
dwelling and lived largely on a diet of fruit and leaves. 

Dr Robyn Pickering of the University of Cape Town’s Department 
of Geological Sciences, a lead researcher involved in the dating of 
the limestone surrounding the fossils, said scientists had long been 
puzzling over the age of primate fossils from this region – since the 
days of Darwin and Wallace.

‘The presence of endemic new world monkeys on islands in the 
Caribbean is one the great questions of bio-geography and now, 
knowing the age of these fossils changes our understanding of 
primate evolution in this region’. 

‘Our analysis of the fossils shows that Antillothrix existed on the 
island of Hispaniola for over a million years relatively unchanged 
morphologically’ said Dr Pickering.

At Brooklyn College, part of the City University New York, and 
Northeastern Illinois University researchers, Prof. Alfred Rosenberger 
and Dr Siobhán Cooke have been working in the Dominican 
Republic since 2009, searching for rare fossil remains of endemic 
mammals to investigate how these animals were adapted to their 
unique, island environments. ‘Very little was known about the native 
monkey from this island’ said Dr Cooke. ‘Prior to our discoveries in 
Altagracia we knew almost nothing even though this species was 
first described by Renato Rímoli back in 1977’.

To better understand how this primate was uniquely adapted 
to its environment, Dr Melissa Tallman and her student Andrea 
Morrow, from the Grand Valley State University, used a specialised 
technique to model the three-dimensional shape of the monkey’s 
leg bone. This helped them to reconstruct how the small primate 
might have moved about in its environment and allowed the 
comparison of relatively young examples of Antillothrix bones to 
the newly discovered million-year-old specimens.

At the University of Melbourne, Dr Helen Green and Dr Robyn 
Pickering worked in the state-of-the-art Isotope Chronology Laboratory 
in the School of Earth Sciences, where they measured the levels of 
uranium, thorium and lead present in the limestone rocks today using 
the results to calculate an age of 1.3+-0.11 million years.

This discovery was made possible by the collaboration between 
the Dominican Speleological Society, the Museo del Hombre 

Dominicano in Santo Domingo, and Brooklyn College, CUNY. Cave 
divers Cristian Pittaro, Phillip Lehman, Dave Pratt and Victoria 
Alexandrova were responsible for this incredible find within Padre 
Nuestro Cave. Today these caves are underwater, making them a 
challenging environment in which to search for fossils in, meaning 
that team work is essential.
This article was released by Katherine Wilson, Faculty of Science, 
University of Cape Town.

The caves in the Dominican Republic where the fossils were found. Image: Laurent Benoit
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Dr Robyn Pickering. Image: University of Cape Town

A map of the Caribbean island where the bones were found, with the bones 
themselves. Image: University of Cape Town
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The mineral world

Understanding Minerals & Crystals. 
By Bruce Cairncross and Terence 
McCarthy. (Cape Town. Struik 
Nature. 2015)

Once again, Struik Nature, along with 
the dynamic duo of Bruce Cairncross 
and Terence McCarthy, have produced 
a simply stunning book. 

Minerals are all around us – naturally 
occuring solid, inorganic substances, 
which are the building blocks of rocks. 
Minerals make up the Earth’s crust. 
Any walk in just about any country area 
will turn up interesting minerals if you 

know what to look for, and this book will give you the 
background you need to start looking.

The introduction provides an overview of the world of 
minerals – a definition and why they are important. This 
is followed by an excellent section on the physics and 
chemistry of minerals, starting with atomic structure, the 
Periodic Table and how abundant the different elements 
are. Minerals are formed through chemical bonding, 
which is discussed in detail, with simple illustrations of 
the different types of bond. Crystal structure is tackled 
in detail, providing a comprehensive overview of the 
topic. The physical characteristics of minerals leads into 
classification and identification of minerals, which is the 
bulk of the book.

Each group of crystals and minerals is covered in 
different sections, illustrated with diagrams and colour 
photographs. In addition there are two appendices, 
one of which explains how to make mineral models – 
excellent for the science lab or science clubs. This is a 
wonderful guide for anyone interested in earth science 
or mineral collecting, from amateur to academic.

Water and life

Freshwater Life: A field guide 
to the plants and animals of 
southern Africa.  
By Charles Griffiths, Jenny Day 
and Mike Picker. (Cape Town. 
Struik Nature. 2015)

Once again the team of Charles 
Griffiths, Jenny Day and Mike 
Picker have come together with 
Struik Nature to put together 
another excellent field guide. 
This time it's a guide to one of 
the most important resources 
in the country – and indeed the 
Earth – freshwater. As is pointed 
out in the introduction, water is 

the most valuable of all natural resources – without it, 
life on Earth, as we know it, would not exist. 

This is the first single illustrated book concentrating 
on freshwater life in southern Africa – giving readers 

access to a broad range of taxa in one volume. The 
aim of the book is to provide readers with a reasonably 
comprehensive, well illustrated and easy-to-use guide to 
the most commonly found freshwater animals, flowering 
plants and algae of southern Africa, in one accessible 
volume. The book is aimed at everyone from school 
and university students, conservationists and water 
managers and the lay public. 

The introduction covers the properties of water, 
conditions in southern Africa, types of rivers and 
wetlands, adaptations to life in freshwater, the physical 
and chemical characteristics of freshwater and 
human activities in aquatic ecosystems. The section 
on conservation introduces the ecosystem services 
provided by freshwater and the management of water 
and aquatic ecosystems in South Africa. There is a 
short section on the classification of plants and animals 
before the identification guide starts. 

Animal and plant groups are covered comprehensively, 
starting with the larger species such as mammals, birds, 
reptiles and amphibians. 

There is a section that should be particularly useful to 
science teachers and science clubs that describes water 
activities, such as dealing with samples, assessing the 
health of an ecosystem, making your own wetland and 
photographing freshwater organisms.

Mammals large and small

Mammal Guide of Southern Africa.  
By Burger Cillié. (Pretoria. Briza Publications. 2015)

This is the third edition of this 
popular field guide produced 
by Briza Publications, written 
by Burger Cillié. The book 
has been put together for 
the layperson – to take to 
the game parks for some 
of the larger mammals or 
simply to have around for 
the more common species 
found around our parks 
and gardens, such as the 
various mongoose species. 

The identification guide 
is grouped into carnivores, 
ungulates, small mammals, very small mammals and 
marine mammals. All the more common mammals 
that you are likely to encounter are discussed and 
illustrated using colour photographs, selected so that 
key identification marks are visible. There is a spoor 
illustration of each animal, taken from the left back paw, 
as some animals' front and back paws differ markedly. 
Where a front paw is illustrated, this is marked. 

There is a distribution map for each species and the 
teeth and horn records were taken from the latest edition 
of Rowland Ward’s Africa Records of Big Game. The 
species’ conservation status is indicated where applicable. 

This easy-to-use book is essential for anyone who 
enjoys the world around us.
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Astronomers have found the most distant object ever 
in our solar system, three times further away than 
Pluto. The distant object is a dwarf planet, designated 
V774104, which is between 500 and 1 000 km 
across. It will be another year before scientists work out 
its orbit, but it could be one of an emerging class of 
extreme solar system objects which have strange orbits 
that suggest the hypothetical influence of rogue planets 
or nearby stars. 

‘We can’t explain these objects’ orbits from what we 
know about the solar system,’ says Scott Sheppard, 
an astronomer at the Carnegie Institution for Science 
in Washington, DC, who announced the discovery 
here today at a meeting of the American Astronomical 
Society. V774104 currently sits 15.4 billion km from the 
sun, or 103 astronomical units (AU) away. One AU is the 
distance between Earth and the sun.

The dwarf planet could eventually join one of two 
clubs. If its orbit one day takes it closer to our sun, it 
would become part of a more common population of icy 
worlds whose orbits can be explained by gravitational 

interactions with Neptune. But if its orbit never brings it 
close to the sun, it could join a rare club with two other 
worlds, Sedna and 2012 VP113.

These two dwarf planets never come within 50 AU of 
the sun, and their orbits swing as far out as 1 000 AU. 
Sheppard calls them ‘inner Oort cloud objects’ to 
distinguish them from icy Kuiper Belt objects, which 
reside between 30 and 50 AU. The Oort cloud is a 
hypothetical, thinly populated sphere of icy bodies, 
thousands of AU away, that marks the edge of the solar 
system and the end of the sun’s gravitational influence.

The discovery reflects a number of extreme solar 
system surveys that are using telescopes with both big 
mirrors and large fields of view — necessary to find faint 
solar system objects that could be almost anywhere on 
the sky. Sheppard made his discovery with colleagues 
using Japan’s 8-m Subaru telescope in Hawaii. Unlike 
many searches for distant objects which peer into the 
solar system’s plane, Sheppard is training Subaru on 
swaths of the sky an average of 15° away from the 
ecliptic, the better to find other weird objects. 

News❚❚❚❙❙❙ ❘ ❘ ❘

A moving blip in a forest of stars, V774104 was spotted last month by the Subaru telescope in Hawaii. Image: Subaru telescope by Scott Sheppard, Chad Trujillo, and David Tholen

The most distant object  
in the solar system
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Green space may make city 
kids smarter

Exposure to green spaces may help 
boost children’s cognitive development, 
according to a study, which attributed part 
of the effect to lower pollution.

Researchers monitored changes in 
cognitive measures every three months 
between January 2012 and March 2013 
among 2 593 grade-school age children 
ages 7 - 10 in Barcelona, Spain.

Over the course of a year, exposure 
to greenness within and around schools 
as determined by satellite data was 
linked with enhanced mental ability to 
continuously manipulate and update 
information, according to the investigators. 
These abilities are called working memory 
and superior working memory, respectively.

Reduced innatention was another 
benefit, according to the study.

A computer modelling analysis 
suggested that elemental carbon, a 
common traffic-related air pollutant, might 
account for 20- 65% of the estimated 
links between school greenness and 
cognitive development.
Courtesy of PNAS and World Science staff
Source: World Science, http://www.world-science.net

Faster resistance analysis for 
patients with blood poisoning
For patients with blood poisoning, also 
known as septicaemia, every second 
counts. Doctors who suspect a patient 
has sepsis start them on broad-spectrum 
antibiotics right away, but the antibiotics 
doctors use don’t always have the desired 
effect – for instance if the bacteria are 
resistant to the medicines used. Identifying 
the pathogens in the lab and investigating 
their potential resistance routinely takes 
between 60 and 100 hours. This is time 
the patient simply doesn’t have – most 
cases end fatally within around 48 hours. 

In future, this analysis could take 
much less time – thanks to a technology 
developed by the researchers at 
the Fraunhofer Institutes for Applied 
Information Technology FIT and for Laser 
Technology ILT in collaboration with 
the Uniklinikum Aachen and numerous 
industry partners.

The first step is to mark the pathogens 
that show up septicaemia, so that they 
glow when exposed to laser light. This 
then allows the researchers to assess the 

amount of bacteria present in the blood. 
In the next stage of the process, the 
bacteria are separated from the blood and 
channelled into a series of miniaturised 
dishes. Each contains a culture medium 
that includes a specific antibiotic. A 
second optical system complete with the 
necessary analysis software observes and 
precisely documents how the bacteria 
develop. Then algorithms analyse the 
pictures taken of the bacteria and 
extrapolate the growth curve, meaning the 
researchers can see within hours whether 
the respective medicine is working or 
whether the bacteria are resistant to it and 
spreading rapidly. Essentially, the growth 
monitor software is able to calculate and 
predict how bacteria will develop over 
time.

This tells researchers which antibiotic 
will be most effective in killing off the 
bacteria – and help the patient the most.
Source: Fraunhofer-Gesellschaft

The equipment used. Image: Volker Lannert, Fraunhofer FIT

New 3-D printing method 
creates complex micro-
objects

Bioengineers from the UCLA Henry 
Samueli School of Engineering and Applied 
Science have developed a new method 
of 3-D printing that allows production of 
complex microscale objects smaller than 
the width of a human hair. The technique, 
using patterned ultraviolet light and a 
custom-shaped flow of polymer material, 
creates 3-D objects that can be first 
designed with software and could be used 
in a variety of biomedical and industrial 
applications.

The authors suggest that producing 3-D 

shapes at the microscale could be useful 
for designing custom biomaterials such as 
interlocking particles that self-assemble 
to help tissue regenerate, or for industrial 
applications such as creating new coatings 
and paints with unique light-reactive 
properties.

To make smaller custom objects with 
folds, holes and other precise features, 
the UCLA team developed a new 
technique called optical transient liquid 
modelling. It uses a series of microfluidic 
and optical technologies, including a 
technique that simplifies designing the 
shape of fluid flows.

First, two different types of fluids are 
combined in a series of tiny pillars that 
control the shape of the merged fluids. 
One fluid is a liquid polymer that is the 
precursor material for the object. The 
other essentially acts as a liquid mould for 
the polymer stream. The arrangement of 
the pillars determines how the two flows 
mix and intertwine. 

When the flow of materials is stopped 
rapidly, an outlined pattern of ultraviolet 
light – somewhat like a cookie cutter – 
slices into the precursor stream. So the 
object is shaped first by the stream, then 
again by UV light. The UCLA researchers 
have reached printing speeds of nearly 
one object every five seconds.

The objects the team has produced 
are about 100 – 500 micrometres 
(µm) in size, with features as small as 
10 – 15 µm. With this method, they 
have produced objects composed of 
organic materials as well as particles 
whose movements and position could be 
precisely controlled by magnetism.
Source: UCLA

A 3-D printed microparticle about 500 µm 
in length. Image: Chueh-Yu Wu/ UCLA

MIND-BOGGLING MATHS PUZZLE FOR Quest READERS

Win a prize! 
Send us your answer (fax, e-mail or snail-mail) together with your name and 
contact details by 15:00 on Friday, 12 February 2016. 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. 34’ and send it to: 
Quest Maths Puzzle, Living Maths, P.O. Box 195, Bergvliet, 7864, Cape Town, 
South Africa. Fax: 0866 710 953. 
 
E-mail: livmath@iafrica.com. For more on Living Maths,  
phone (083) 308 3883 and visit www.livingmaths.com.

Quest Maths Puzzle no. 35
Arrange the numbers 
30, 31, 32, 33, 34, 35, 
and 36 in the circles so 
that the sum of the three 
numbers on every straight 
line is equal.

Answer to Maths Puzzle no. 34: 
375 cartoon, 70 animal stickers and 55 superhero stickers.
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CSIR IS 
ImpRovIng 
South AfRICA 
thRough 
Ideas that 
work

numerical wave models have been developed 
for the entire South African coastline, and can 

be used for coastal development planning, wave 
energy estimation for electricity generation, 

predicting coastal vulnerability, and to protect 
critical coastal and marine infrastructure.

Dr Christo Rautenbach | CSIR Senior Researcher
t W Kambule Award finalist

CoAStAl InfRAStRuCtuRe

to predict climate change over South Africa 
and Africa, the CSIR is developing downscaled 

climate projections – derived from global climate 
models – that helps us in understanding and 

planning for what may be the greatest collective 
challenge ever faced by human kind.

Dr Francois Engelbrecht | CSIR Principal Researcher 
nStf-greenmatter Award finalist

the ImpACtS of futuRe 
ClImAte ChAnge

Ideas that sustain

Ideas that work
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