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ON THE COVER' SEAMESTER

SEAMESTER
SOUTH AFRICAIS
UNIVERSITY AFLOAT

Now in its second year, the SEAmester postgraduate
education programme inspires another generation

of ocean scientists. By Morgan Trimble with
contributions from Katherine Hutchinson.

Students look out over Cape Town from
the helicopter deck of the SA Agulhas Il
as it departs for SEAmester Il. Morgan Timble

A turn of the microscopes focus knob
snaps the backlit picture into clarity.
Dancing and shimmying through
drops of seawater, an unexplored world
springs to life. Many of the organisms
are completely transparent, but
occasional ashes of orange, turquoise,
and pink draw attention to the gaudier
individuals. Some keep still, trying
to evade detection as predators of the
plankton world hunt their prey under
my gaze. Its a galaxy in a petri dish.

e oceans universe of creatures
is an alien world to the SEAmester

8

students and me, but its familiar
territory for Dr Paula Pattrick and Dr
Eleonora Puccinelli, lecturers aboard
SEAmester. Exotic names roll o the
marine biologists tongues and land
in enthusiastic student ears. Pattrick
and Puccinelli point out isopods, salps,
copepods, amphipods, pteropods,
forams and more. We nd miniature
versions of familiar creatures, the larval
stages of squids, eels, sh, crabs, and
lobsters. | cant believe the diversity of
life hiding in a sample of sea water.
What we re looking at is plankton
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the collective group of organisms that
oat in sea water, dri ing with the
currents with little ability to choose
their course. In both description and
diversity, this little bowl of plankton
is a good analogy for SEAmester, a
gathering of students and lecturers
from incredibly diverse backgrounds
and disciplines brought together
aboard the SA Agulhas I1 research
vessel. For 11 days, we go with the
ow, bound to the ships trajectory,
with the singular goal of learning as
much as possible about our oceans.

ON THE COVER' SEAMESTER

Students working on SEAmester Il scan the horizon for

whales. Finn, humpback and sei whales were among the
marine mammals spotted during the cruise. Morgan Trimble

THE SEAMESTER
PROGRAMME

is year marks the second annual
SEAmester cruise, building on the
inaugural 2016 voyages success.
SEAmester is the brainchild of
Prof. Isabelle Ansorge, Head of
the Oceanography Department at
the University of Cape Town.

SEAmester was something | rst
thought about four years ago, says Prof.
Ansorge, explaining that while students at
the University of Cape Town (UCT) tend
to get opportunities to go to sea aboard the
SA Agulhas Il through various research
programmes, students at other institutions
areo ennotsolucky. ereare plenty
of students studying oceans or earth
sciences, whether they re in Pretoria or
Bloemfontein or KwaZulu-Natal, that have
no chance to go to sea, particularly on this
vessel, unless they re attached to the South
African National Antarctic Programme.
But the SA Agulhas Il is a national facility.
Its world class. Its probably one of the
best research vessels in the world.

Prof. Ansorges solution was to create
SEAmester as an educational programme
for postgraduate students. e idea was
to combine the programme with research
cruises that the SA Agulhas 11 would
be undertaking anyway. While a given
oceanographic cruise might involve
just 20 scientists, the ship has space for
about 100 passengers. Prof. Ansorge saw
those extra berths as an opportunity
to provide rst-hand experience at
sea for students eager to learn.

We put out an open call to all
the postgraduate students at all the
universities to apply for SEAmester,
explains Prof. Ansorge. Were providing
access to this research vessel and
the research we do to previously
disadvantaged universities, to universities
and technical institutes that have no
traditional connection to the Southern
Ocean, that have no traditional
connection to the SA Agulhas Il. Without
SEAmester, it would be challenging for
these students to get experience on the
ship. SEAmester requires a great deal of
logistical and scienti ¢ planning, and
for this Tahlia Henry, a former Cape
Peninsula University of Technology
(CPUT) student and current UCT/Nelson
Mandela Metropolitan University (NMU)
MSc student, is the lead coordinator.

Students look out over Cape Town from the deck of the
SA Agulhas Il as it departs for SEAmester |l. Morgan Trimble

e educational programme on
SEAmester is intense. Students from
diverse backgrounds join a comprehensive
lecture programme, complete with
practical components and mini research
projects. All students enjoy learning
the basics of oceanography and ocean
dynamics, but they choose one of two
focus areas: Oceans in a Changing
Climate or Tools of the Trade. e
former centres on marine biology,
nutrient cycles, and human impacts on
the oceans while the latter focuses on
physical oceanography, the equipment
and techniques oceanographers use and
the instrumentation aboard the ship.

SEAmester also features more relaxed
evening lectures about general-interest
topics. Aboard this years cruise, Prof.
Pierre Cilliers from the South African

Students pose for a photo while on an engine tour of
the SA Agulhas Il where state-of-the-art equipment
keeps the amazing ship on course. Morgan Trimble
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corpse. eorange laments are the
tattered remains of the star and consist
mostly of hydrogen. e blue in the
laments in the outer part of the nebula
represents neutral oxygen. Green is singly
ionized sulphur, and red indicates doubly
ionised oxygen.  ese elements were
expelled during the supernova explosion.
A rapidly spinning neutron star (the
ultra-dense core of the exploded star)
is embedded in the centre of the Crab
Nebula. Electrons whirling at nearly the
speed of light around the stars magnetic
eld lines produce the eerie blue light in
the interior of the nebula. e neutron
star, like a lighthouse, ejects twin beams
of radiation that make it appear to pulse

30 times per second as it rotates.
NASA, ESA, J. Hester and A. Loll
(Arizona State University)

THE LAGOON NEBULA (M8)

Commonly known as the Lagoon cluster: NGC 6530 (not visible
Nebula, M8 was discovered in 1654 in the image). e massive stars
by the Italian astronomer Giovanni embedded within the nebula

Battista Hodierna, who, like Charles give 0 enormous amounts of
Messier, sought to catalogue ultraviolet radiation, ionising
nebulous objects in the night sky the gas and causing it to shine.

so they would not be mistaken for In Hubbles image of the centre
comets. s star-forming cloud of the Lagoon Nebula, dust masks

constellation Sagittarius and its

apparent magnitude of 6 makes
it faintly visible to the naked eye
in dark skies. e best time to

of interstellar gas is located in the

most of the objects within. is

image maps the emission from the

nebulas ionised gas. Hydrogen is

coloured red and nitrogen is green.
e blue-white are at the upper

THE HEART OF THE

observe M8 is during August. le of the image is scattered light
Located 5 200 light-years from from a bright star just outside the
Earth, M8 is home to its own star eld of view. credit: NAsA, ESA

COMBINED IMAGES OF M8

Combining observations in infrared and
visible light, Hubble cut through some

of M8s dust to reveal stars hiding within
this portion of the nebula. e bright star
near the centre of the image is Herschel
36. ishot star is the primary source of
ionising radiation in M8, which sculpts
the nebulas celestial landscape. credit:
NASA, ESA, J. Trauger (Jet Propulsion Laboratory)

CRAB NEBULA (M1)

Peering deep into M1, this spectacular
Hubble image captures the nebulas
beating heart: the rapidly spinning pulsar
at its core. Bright wisps are moving
outward from the pulsar (the rightmost
of the two bright stars near the centre
of the image) at half the speed of light
to form an expanding ring.  ese wisps
form along magnetic eld lines in a gas
of extremely energetic particles driven
into space by the highly magnetised,
rapidly rotating neutron star.

Credit: NASA and ESA

Acknowledgment: J. Hester (ASU)
and M. Weisskopf (NASA/MSFC)
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CHEMICAL ELEMENTS IN M8

is stunning Hubble image maps the
chemical elements in a small region of the
Lagoon Nebula known as the Hourglass.
Blue represents oxygen, green represents
hydrogen and red stands for sulphur.
Each of the eerie, tornado-like funnels
toward the centre of the image is roughly
one-half light-year long and both appear
to be twisting. e bright star at the
bottom right of the image is Herschel 36.
Credit: A. Caulet (ST-ECF, ESA) and NASA
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ORION NEBULA (M42)

Believed to be the cosmic re of creation
by the Maya of Mesoamerica, M42 blazes
brightly in the constellation Orion.
Popularly called the Orion Nebula, this
stellar nursery has been known to many
di erent cultures throughout human
history. e nebula is only 1 500 light-
years away, making it the closest large
star-forming region to Earth and giving
it a relatively bright apparent magnitude
of 4. Because of its brightness and
prominent location just below Orions
belt, M42 can be spotted with the naked
eye, while o ering an excellent peek at
stellar birth for those with telescopes.

It is best observed during January.

e Mayan cultures likening of the
Orion Nebula to a cosmic re of creation
isveryapt. e nebulaisan enormous
cloud of dust and gas where vast
numbers of new stars are being forged.
Its bright, central region is the home of
four massive, young stars that shape the
nebula. e fourhe y starsare called the
Trapezium because they are arranged in
a trapezoidal pattern. Ultraviolet light
unleashed by these stars is carving a
cavity in the nebula and disrupting the
growth of hundreds of smaller stars.

is stunning Hubble image o ers
the sharpest view of the Orion Nebula
ever obtained. Created using 520
di erent Hubble exposures taken in
multiple wavelengths of light, this
mosaic contains over one billion pixels.
Hubble imaged most of the nebula, but
ground-based images were used to Ilin

M31

Hubbles M31 mosaic image, taken
by the Panchromatic Hubble
Andromeda Treasury (PHAT)
program, is shown in context
with a ground-based image of the
entire galaxy. Despite the size of

Hubbles massive mosaic, it does

not span even half of the galaxy.
Image Credit: NASA, ESA, and
Z. Levay (STScl/AURA)

PHAT Mosaic Credit: NASA, ESA, J.
Dalcanton, B.F. Wiliams, and L.C.
Johnson (University of Washington),
the PHAT team, and R. Gendler

THE SPIRAL GALAXY i M66

In 1780, Charles Messier discovered
spiral galaxy M66 along with its
Credit for Ground-based Background neighbour M65’ both of which belong
Image of M31: (c) 2008 R. Gendler, R . _
Used with Permission to the Leo Triplet of galaxies. (e third
member, NGC 3628, was discovered
by William Herschel in 1784 and is
not included in the Messier catalogue).
M®66 is located 35 million light-years
from Earth in the constellation Leo
and has an apparent magnitude of 8.9.

the gaps in its observations. e orange
colour in the image can be attributed

to hydrogen, green represents oxygen,
and the red represents both sulphur and
observations made in infrared light.
NASA, ESA, M. Robberto (Space Telescope

Best observed during April, M66 can

be spotted with a small telescope.
Showing a large portion of M66,

this Hubble photo is a composite

of images obtained at visible and

Science Institute/ESA) and the Hubble Space
Telescope Orion Treasury Project Team

infrared wavelengths. e images
have been combined to represent
the real colours of the galaxy.

is view highlights the fascinating
anatomy of M66. Because the galaxies
in the Leo Triplet interact with one
another, each hasan e ecton its
neighbours structures. M66 displays
asymmetric spiral arms and a core that
appearstobeo centre features likely
caused by the gravitational pull of the
other two galaxies in the Leo Triplet.

Credit: NASA, ESA and the Hubble Heritage
(STScI/AURA)-ESA/Hubble Collaboration

Acknowledgment: Davide De
Martin and Robert Gendler

THE TRAPEZIUM CLUSTER

Appearing like glistening precious
stones, M42s Trapezium Cluster,
named for the trapezoidal
arrangement of its central massive
stars, is seen in this infrared Hubble

image. All of the members of the
Trapezium were born together in
this hotbed of star formation.

K.L. Luhman (Harvard-Smithsonian Center
for Astrophysics, Cambridge, Mass.);

and G. Schneider, E. Young, G. Rieke, A.
Cotera, H. Chen, M. Rieke, R. Thompson
(Steward Observatory, University of
Arizona, Tucson, Ariz.) and NASA/ESA

www.ASSAF.0RG.zA | Volume 13 | Number 4 | 2017 23

The Trapezium Cluster




FEATURE| PALAEOSCIENCE

Elliot Formation caves in Lesotho. wikimedia Commons

How we used the Earthis
magnetic field to date rocks
rich in dinosaur fossils

Covering two-thirds of South Africa,
the Karoo Basin, visually, is a beautiful
space. When looking more deeply into
its rock layers, like lea ng through the
pages of a book, one can read about

a wealth of palaesoenvironmental

and biological processes.

e Karoo Basin is an invaluable
archive of information over its 120
million-year depositional history. Rich
in fossils, both plants and animals, the
Karoo Basin records crisis periods mass
extinction events in the distant past
when many species became extinct.

So far, there have been ve main
mass extinction events globally. e
biggest, the end-Permian, about 252
million years ago, was the Earths largest
ecological disaster. e Karoo Basin also
holds evidence of the third largest mass
extinction.  is occurred at the end of
the Triassic, about 200 million years ago,
and heralded the rise of the dinosaurs.

Understanding these climate change
events and their impact on biology in

By Lara Sciscio.

the Karoo Basin could in uence the way
we look at the sixth extinction, which
is happening now: the Anthropocene.
Scientists need to know when the
ancient extinctions happened and for how
long. ese events are recorded in layers
of rock. So we need to know the age of
those rocks.  ere are certain geological
clocks which help when dating rocks: a
mineral called zircon is one. Fossil pollen
and spores are others. But when these are
scarce, we need another way of measuring
the age of rocks. And the Earths own
magnetic eld provides a useful source.

A DIFFERENT TECHNIQUE

My colleagues and | were interested

in the age of a speci ¢ rock unitin the
Karoo Basin: the Elliot Formation. Rocks
of the Elliot Formation outcrop in a

ring around the Drakensberg Plateau
(see gure). e Elliot Formation
contains many fossils that shed light

on the existence and evolution of
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dinosaurs in southern Africa.

is is especially interesting as the
Formation is thought to span the end-
Triassic mass extinction event. However,
the age of the Elliot Formation and
where this extinction event occurred
within its rock layers was debated.

As there are no radiometric dates
from zircons for the Elliot Formation,
we used the Earths ancient geomagnetic

eld as a dating tool. s technique
has been used globally on similar aged
rocks. Applying it here enabled us
to narrow down the age of the Elliot
Formation to somewhere between about
213 million and 195 million years old.

ese dates may help us to answer

broader questions relating to the
severity of the end-Triassic mass
extinction and the post-extinction
recovery period in southern Africa.

is time line is particularly useful in
measuring the diversity of dinosaurs
across the bio-crisis and during a
critical time in their evolution.

FEATURE PALAEOSCIENCE

MAGNETIC FLIPS

e Earth generates and sustains a
magnetic eld through the motion of
the liquid outer core. Some minerals
in rocks are able to record the Earths
magnetic eld when they are deposited.
Two such minerals, hematite and
maghematite, are prevalent in the
Elliot Formation. In fact, they lend the
formation a distinct brick-red colour.

Our research has found that
minerals within the rocks of the Elliot
Formation are able to retain primary
magnetisations: they have reliably
recorded the Earths magnetic eld
at the time of their deposition.  ats
important because natural processes
can cause overprinting  wiping out
the original magnetic signature.

is method has been used within
the Karoo Basin before on older rocks,
but its never guaranteed that rocks
will retain their primary magnetic
signatures. e fact that the Elliot
Formation, largely, didnt fall prey to
overprinting is what allowed us to record
the pattern of the ancient magnetic eld.

POLE REVERSAL OFFERS
TIMING TOOL

e Earths magnetic eld is not
constant through time. It ips or
reverses at irregular intervals; on
average, every few million years.

When this happens, the magnetic
North Pole is direct to the geographic
South Pole and vice versa. Rocks contain
alternating layers of north- and south-
directed minerals corresponding to
every ipevent. is creates distinct
geomagnetic polarity chron(s) aname
to de neaspeci c unit of time during
reversals for any given time period.

By studying the rates and number of
these reversals recorded in the Elliot
Formations rocks, we are able to get a
more accurate idea of the rocks age.

e next step in pinpointing the
Elliot Formations relative age was to
build its unique magnetic polarity time
scale alog of all the reversal events.

is involved drilling out small
samples of rock, using a portable
hand-held drill, and orientating them,
using a special compass in the eld.

erea er samples were processed in
the Paleomag Lab at the University

of Johannesburg to recover their
unique geomagnetic polarity history.

By doing this, we could build a
composite magnetic polarity chronology
for the Elliot Formation. We were then
able to compare these rocks from South
Africa and neighbouring Lesotho to
others of a similar time period globally.
In so doing, the Elliot Formation
records the Earths magnetic eld as

it was about 200 million years ago.

We are not the only ones trying to
pin down this important rock units age.
We hope that our work will provide
a framework on which to place other
kinds of information produced by
others in this and related elds.

This article originally appear in The Conversation and
is republished under Creative Commons licence.

Lara Sciscio is a Postdoctoral Research Fellow in
Geological Sciences, University of Cape Town.

The position of the Karoo Basin and the Elliot Formation. Lara Sciscio
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FORGOTTEN

FOSSILS

We all know that mammals protect and care for
their young. In some cases, they also live within
complex social groups. Was this always the case?
By Sandra Jasinoski and Fernando Abdala.

e skeletal anatomy of mammals
early ancestors has been studied for
more than 150 years. But until relatively
recently, not much was known about
their lifestyle or reproductive habits. It

wasnt clear whether these extinct animals

protected and cared for their young in
the same way as modern mammals do.
But a few decades ago a clue to
their behaviour was discovered in
two remarkable fossils found in South
Africa that date back 251 million years
ago. esigni cance of these fossils of
rinaxodon liorhinus and Galesaurus
planiceps has been largely forgotten by
the palaeontological community and
they were le out of recent discussions
about parental care in the fossil
record. We rediscovered them while

CYNODONTS

doing other research and decided to
reinvestigate their signi cance.

e fossils are even more important
than we imagined. ey provide direct
evidence of parental care in these extinct
animals. ey also reveal complex
behaviour in our own distant ancestors.

THE FIRST DISCOVERIES

e rinaxodon and Galesaurus
fossils date back to the Early
Triassic period, soon a er the
end-Permian mass extinction and
before the age of dinosaurs.

Mammals hadnt yet evolved. But
their ancestors, the non-mammalian
cynodonts, had a few features we
recognise today in mammals: teeth

e cynodonts are therapsids that rst appeared in the Late Permian

approximately 260 million years ago.

e group includes modern mammals

(including humans) as well as their extinct ancestors and close relatives.
Non-mammalian cynodonts were widespread across Gondwana, with fossils
found in South America, Africa, India and Antarctica. Fossils have also

been found in eastern North America, Belgium and northwestern France.
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di erentiated into incisors, canines and

complex postcanines, and the presence

of a secondary palate. e fossils of
rinaxodon and Galesaurus represented

the rst possible cases of parental care

reported in non-mammalian cynodonts.
isis signi cant because mammals

didnt evolve for another 30 million years.

e rinaxodon fossil was found
in 1954 by the renowned Karoo fossil
hunter James Kitching. Dr AS Brink,
a palaeontologist at Johannesburgs
University of the Witwatersrand
(Wits), brie y described it as consisting
of an adult skull preserved next to
a small juvenile about a third of its
size. Brink hypothesised that this
represented a case of parental care.

In 1965 Brink discovered a second
case of parental care in Galesaurus
planiceps, a larger basal cynodont about
the size of afox. e Galesaurus fossil
block contained the skeleton of an
adult surrounded by juveniles. Brink
interpreted this fossil as evidence of
a mother caring for her young.

ese remarkable fossils became part
of the collection of the Evolutionary
Studies Institute at Wits. We came
across them while investigating

FEATURE IZA\WA\SON{®4]=\\[043

ontogenetic growth in  rinaxodon
and Galesaurus. We wanted to nd out
how these cynodonts skull changed as
they grew from a small juvenile into a
large adult. In the course of our work,
we realised that these fossils were also
telling a forgotten story about nurturing
behaviour in our very distant ancestors.

ONTOGENETIC
GROWTH

Ontogeny is the word used to
describe the development of an
organism, usually from the time

of fertilisation of the egg, to the
organism’'s mature form. e word
can also be used to refer to the
study of the whole of an organism’s
lifespan. Ontogenetic changes

are found as organisms grow.

Some further work had been done
on the rinaxodon fossil since Brinks
1955 description. e skulls are now
separated from each other and acid-
preparation led to the discovery of a
second juvenile individual. But the
Galesaurus fossil was found tucked
away in a drawer in collections, with no
evidence of further preparation or study.

We were intrigued, and decided
to reinvestigate what the fossils
might tell us about parental care
among the ancestors of mammals.

OUR FINDINGS

Our study concluded that in both
cases there were two young juveniles
associated with each adult.

We then investigated more than 100
fossils of  rinaxodon and Galesaurus
from South Africa to determine how o en
individuals of each genus were preserved
together. e bones of individuals that
were found together in the same fossil
block or in close proximity were, in
many cases, preserved in life position.

is suggests that these animals
were living together in agroup whats
known as an aggregation  before
they died and were fossilised.

e research wed already done into
ontogenetic classi cation really helped.
We had sorted the  rinaxodon and
Galesaurus specimens into juvenile,
subadult, or adult stages.  is meant
we could determine whether the
aggregation consisted of individuals of
the same age for example, all adults

or represented a mixed-age group,
such as an adult with juveniles.

Overall, we found that  rinaxodon
had a higher occurrence of aggregations
than Galesaurus.  ese groups were
comprised of individuals of either
similar or di erent ontogenetic ages.

In  rinaxodon, we found four
aggregations consisting of same-age
individuals and three aggregations among
mixed-age individuals including the
parental care case described by Brink.

Galesaurus parental care fossil consisting of one adult surrounded by two
juveniles. )URP -DVLQRVNL DQG $EGDOD ‘2, SHHUM AJ

is is in stark contrast to Galesaurus:
here, only one other aggregation, among
three sub-adult individuals, was found
in addition to the parental care case.

ese ndings suggest that  rinaxodon
regularly lived within a group.

e two parental care fossils Brink
described showed the largest discrepancy
in size among aggregating individuals.

is implies he was right: these fossils do
indeed represent cases of parental care.

e juveniles in each parental care
fossil represent the smallest recorded
individuals for both genera, suggesting
they were newborns. In addition, the
juveniles of each genus are similar in size
to each other.  at indicates they might
have been siblings. \We also con rmed
that the adult Galesaurus individual
represented a female so, a mother

based on our previous discovery of
sexual dimorphism in this genus.

PARENTING IN THE PAST

Parental care was present in both of
these cynodonts, but the evidence to
date suggests that Galesaurus cared

for its young for a relatively longer
period of time.  is is because the
skull of the Galesaurus juveniles is
about half the size of the largest known
adult, and it is relatively much larger
thanthe rinaxodon juveniles. s
discrepancy in size also supports our
previous idea that  rinaxodon matured
relatively earlier than Galesaurus.

What these fossils show is that parental
care instincts were already established 251
million years ago in two di erent species
of mammal forerunners. s indicates
that complex behaviour generally
attributed to living mammals has a long
history, stretching back millions of years.

This article was originally published
in The Conversation and

is republished here

under Creative

Commons

licence.

Thrinaxodon liorhinus, an early
triassic cynodont of South Africa.
Nobu Tamura, Wikimedia Commons
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Herding for health

he Herding for Health project that

was initiated by the Faculty

of Veterinary Science at the
University of Pretoria (UP) is a One
Health, pro-poor, rural development
project aimed at establishing integrated
management of livestock and
improving rural livelihoods in areas
at the wildlife-livestock interface.

e Kruger to Canyon Biosphere
Reserve (K2C), located on the western
border of the Kruger National Park
(KNP), is world famous for its abundance
of wildlife and natural beauty. e
reserve is situated in the KNPs bu er
zone, where, through collaborative
partnerships, it drives the integrated
land use strategy of SANParks to
enable responsible, community-based
use of natural resources and wildlife
management that is aligned to the KNPs
socioeconomic development plans.

In this natural wonderland, however,
pastoralist communities bear the
burden of living so close to wildlife.
Cattle farmers routinely su er losses
of livestock to predation from both
small and large predators that cross the
park fence boundary, and their animals
are also at higher risk of contracting

multi-host pathogens and infectious
trans-boundary animal diseases, such as
foot-and-mouth disease (FMD), which
is spread from bu alo to cattle. Although
this viral disease does not pose a risk
to food safety or public health, it can
spread quickly among cloven-hoofed
livestock, and is therefore di  cult to
control. Areas where FMD is endemic
in wildlife, or the risk of spread to
livestock is high, are demarcated as FMD
infected/protection zones, and livestock
movement, as well as the transport
of most meat products from cattle, is
restricted within and between these areas.
Apart from the imposed movement
control of all susceptible animals, FMD is
further controlled by restricting contact
between bu alo and livestock. s s
achieved by keeping wildlife in game-
proof, fenced areas within protected areas
such as the greater KNP. Unfortunately,
this restricted movement of cattle and
most beef products negatively impacts
market access for local cattle farmers
and thus their ability to make money
from their cattle. e inability of farmers
living in the FMD protection zone of the
K2C to sell their cattle or move them
from the area also results in rangeland

degradation, as well as signi cant losses
of livestock during periods of drought.

e Herding for Health project aims
to respond to these and other pressing
challenges, and to alleviate poverty among
the local communities. Over the last

Ve years, the university has engaged a
range of partners who now collaborate
under the banner of Herding for Health.

Herd monitors (with knowledge of
primary animal health) and eco rangers
(herders with training in environmental
and livestock management), for example,
work with scientists, local government
departments such as veterinary services,
and local communities to improve
livestock production while restoring
degrading rangelands. In addition to
the rangeland restoration, the Herding
for Health partners also support local
farming cooperatives to take advantage
of economic opportunities and improve
their livelihoods through activities linked
to sustainable red meat production,
such as game meat harvesting, grazing/
grass harvesting rights, seed harvesting
for rangeland improvement and trade in
livestock and wildlife-derived products.

e Mnisi area (Bushbuckridge
Municipality, Mpumalanga), which has a

NEWS| EXTRA!
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long history of working with the Faculty of Veterinary Science at
UP and its conservation and development partners, was selected
to pilot a project that aims to provide opportunities for livestock
sales to farmers in an FMD protection zone. e communities
living in this area are surrounded by wildlife areas on three

sides of their grazing lands, which puts them at especially high
risk. e pilot project, which includes four villages and four
communal dip tanks (to avoid cattle contracting FMD or other
diseases), 7 500 hectares of rangeland, 4 000 cattle, and 330 cattle
owners, will also introduce a new design of maobile abattoir
technology that will facilitate the safe and low-impact supply

of red meat from livestock living in an FMD-infected area.

Dr Jacques van Rooyen, from the Faculty s Hans Hoheisen
Wildlife Research Platform (HHWRP), says that his team has
been working around the clock to try and get all the necessary
approvals and costing in place for this new addition to the
project. It is becoming a benchmark project in terms of how
science, development, policy, implementation and business
need to come together to achieve what science proposes
could work. It has been very challenging to combine all these
various facets, but we believe it will be worth it, he says.

e Mpumalanga Department of Agriculture, Rural
Development, Land and Environmental A airs recently
approved the pilot phase of the mobile abattoir technology
for 30 cattle. e team will keep detailed records of
the process and adhere to strict control measures.

e pilot area is within reach of the Skukuza abattoir,
the only designated abattoir in the FMD-infected zone of
South Africa from where meat can be transported outside
the control area should all veterinary requirements be
met. e mobile abattoir technology, together with the
successful integration of commodity-based trade standards
for the trade of beef from FMD-infected areas, will enable
the sale of red meat products outside the controlled areas
and provide a vital cash injection for local households
that rely on livestock farming for their subsistence.

e Herding for Health pilot project is led by the HHWRP
and supported by the Peace Parks Foundation and the Hans
Hoheisen Charitable Trust. Implementation of the project is
managed in collaboration with Conservation South Africa,
whose aim is to promote sustainable agricultural practices
through the development of value chains that will in turn

promote rangeland and biodiversity stewardship. e Peace
Parks Foundation, one of the major contributors to this project,
has also pledged major support for the concept and intends

to grow it throughout southern Africa. ey have already
identi ed possible sites in Mozambique and Zambia for its
expansion. All aspects of the Herding for Health programme
also require close collaboration with various government
departments, such as the Mpumalanga Veterinary Services

and the Department of Rural A airs and Land Reform.  ese
departments will form part of the development team, especially
where new policy and implementation models are being tested.

Issued by University of Pretoria: Research Matters. By Ansa Heyl.
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Africas largest eagle In free fall

he population of Africas largest
eagle species is in freefall in
South Africa, and may be
soaring towards extinction, according
to a new University of Cape Town
(UCT) study based on changes in
sighting rates over the last 20 years.
Martial Eagle sightings have dropped
by as much as 60% since the late 1980s,
in stark contrast to human population
growth across their shared natural habitat,
said the study published this week in the
journal Bird Conservation International.
Although the exact reasons for the decline
remain unclear, researchers say their
ndings point to an urgent need to better
understand the threats to this iconic bird.
Worryingly, the study also highlighted
amarked decline in Martial Eagle
sightings within protected areas,
including in the world-famous Kruger
National Park and the Kgalagadi
Transfrontier Park. However, declines
of the species in protected areas were
not as severe as elsewhere, suggesting
that these areas could act to bu er
the factors leading to declines.
Martial Eagles mainly prey on
large birds and reptiles, and small and
medium-sized mammals, but are strong
enough to prey on small antelopes.
ey typically nest in high treetops.
eir plight made international
headlines last year when Mozambican
hunters killed an adult bird that had
featured in a British documentary
starring well-known wildlife
presenter Steve Backshall.
At the time the bird was

Matrtial

Eagle with dwarf
mongoose prey.
Gillian Soames

Martial Eagle with roller.
Rene van der Schyff

being tracked via a GPS satellite tag.

e research was conducted by Dr
Arjun Amar and PhD student Dani®l
Cloete from UCT s FitzPatrick Institute
of African Ornithology, using two
Southern African Bird Atlas Project
(SABAP) surveys carried out 20 years
apart.  eir previous research showed
that comparing these surveys provided
an accurate way of measuring changes in
the population size of this eagle species.

Martial Eagle total population gures
are still relatively inexact, but their
conservation status was uplisted in 2013
from Near  reatened to Vulnerable
which means they are recognised
to be globally threatened. e study
published this week provides the most
accurate assessment for the decline of
the species in any African country and
was only possible due to an army of
volunteer birdwatchers that contribute
their sightings to the SABAP database.

e study found signi cant declines
in three provinces; these were Kwa-
Zulu Natal, Mpumalanga and Limpopo.
Changes di ered across the biomes
(distinct regions with similar geography
and climate), with the species faring worst
in the Grassland, Savannah, Indian Ocean
Coastal Belt and the Nama Karoo biomes.

Martial Eagle.
Megan Murgatroyd

However, there was better news in the
Fynbos biome of the Western and Eastern
Cape, where reporting rates remained
more stable over the last 20 years.

Despite having full legal protection
in South Africa, this species is known
to be targeted and killed by farmers
who blame the species for predation of
their livestock, or may be accidentally
killed by poison le to kill other
predator species, the authors noted.

Another major threat for the
Martial Eagles may be electricity
infrastructure such as power lines,
particularly among juveniles, which
have a wider territorial range.

Dr Amar, the lead author of the study,
said this analysis was only possible
thanks to the e orts of many hundreds
of dedicated volunteer birdwatchers who
contribute their records to the SABAP
survey database. Dr Amar added we have
now quanti ed the decline of the species
in South Africa, but that is only the st
step, we now need urgent research to
better understand the factors which are
responsible for causing this iconic species
to be lost from our countryside, so that
these factors can be better controlled.

Issued by UCT Communication and
Marketing Department.
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New improved mosquito traps
developed In partnership between
UP ISMC and private sector

he University of Pretoria

Institute for Sustainable Malaria

Control (UP ISMC) is assisting
in the design and testing of an innovative
solar-powered trap to monitor mosquito
populations, especially in areas where
malaria and arboviruses require vector
control. s joint venture brings together
the engineering skills of two private-sector
entrepreneurs, Quentin van den Bergh
and Kevin Godfrey, with the UP ISMCs
Prof. Leo Braack and his knowledge of
mosquito ecology and behaviour. e
trap is compact, has a suction fan that
draws the mosquitoes into a trap-box,
and contains a cluster of light-emitting
diodes (LEDs) that emit speci c visible
and invisible wavelengths of light, and
uses carbon dioxide as attractant. Power
is provided by a small solar panel that
doubles as a roof to protect the electronic
circuit board below. An added advantage
is that the unit also has a power socket
to power or charge a USB device such as
a mobile phone, notepad or study lamp.

is is potentially an incentive for local
people assisting in large-scale mosquito
surveys or for researchers spending time
in remote areas. e battery will easily
last overnight, which is the usual trapping
time, and battery life is a minimum of
three years. Light traps, historically, have
depended either on dry-cell disposable
batteries that last a few nights before
having to be discarded, or rechargeable
6-volt batteries that are bulky and need
to be connected to an electrical outlet
for several hours of recharging. s
new version is a more convenient and
practical design and will retail at a
comparable price to the older versions.
Such mosquito traps have multiple

purposes. Traps are the standard approach
used by entomologists to determine
which mosquito species are present in an
area and if disease-carrying species are
present. Regular standardised trapping
in a particular region will reveal seasonal

The Silver Bullet mosquito trap. university of Pretoria

population trends and also some index of
population numbers of particular species
of Anopheles or other potential disease-
carrying mosquito species. If mosquito
control measures are introduced into that
area, the traps can show the impact of
these on mosquito numbers. Traps can
be used to catch as many vector species
as possible to see what percentage of
those mosquitoes are actually carrying
the disease organisms, and therefore
what the risk of disease transmission

is in that region. Work is also being

done on nding attractant substances

to combine with the trap so that very
large numbers of mosquitoes can be
caught, which directly contributes to a

reduction in disease transmission risk,
provided of course that enough traps are
put out to saturate the region. Most of
all, however, mosquito traps are a basic
and essential tool of trade for medical
entomologists to monitor mosquito
populations, in particular species
composition, relative abundance, and
pathogen presence in these mosquitoes.
For more information on the
Silver Bullet Mosquito trap, contact
Prof. Leo Braack (leo.braack@up.ac.za),
Kevin Godfrey (quentin@projects24.
net) or Quentin van den Bergh
(quentin@projects24.net).

Issued by University of Pretoria Institute
for Sustainable Malaria Control.

32 www.assaF.0rG.zA | Volume 13 | Number 4 | 2017

www.ASSAF.0RG.zA | Volume 13 | Number 4 | 2017 33




FEATURE| MATHS
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NOTHING
MATTERS

HOW THE INVENTION OF

ZERO HELPED CREATE
MODERN MATHEMATICS
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A small dot on an old
piece of birch bark
marks one of the biggest
events in the history
of mathematics. The
bark is actually part
of an ancient Indian
mathematical document
known as the Bakhshali
manuscript. And the
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recorded use of the
number zero. Whatis
more, researchers
from the University
of Oxford recently
discovered the
document is 500 years
older than was previously
estimated, dating to the
third or fourth century i a
breakthrough discovery.
By Ittay Weiss.

Today, its di cult to imagine how
you could have mathematics without
zero. In a positional number system,
such as the decimal system we use
now, the location of a digit is really
important. Indeed, the real di erence
between 100 and 1 000 000 is where
the digit 1 is located, with the symbol
0 serving as a punctuation mark.

Yet for thousands of years we did
without it. e Sumerians of 5 000BC
employed a positional system but
without a 0. In some rudimentary
form, a symbol or a space was used to
distinguish between, for example, 204
and 20000004. But that symbol was
never used at the end of a number,
so the di erence between 5 and 500
had to be determined by context.

Whats more, 0 at the end of a
number makes multiplying and dividing
by 10 easy, as it does with adding
numbers like 9 and 1 together. e
invention of zero immensely simpli ed
computations, freeing mathematicians
to develop vital mathematical disciplines
such as algebra and calculus, and
eventually the basis for computers.

Zeros late arrival was partly a
re ection of the negative views some
cultures held for the concept of

FEATURE MATHS

nothing. Western philosophy is plagued
with grave misconceptions about
nothingness and the mystical powers of
language. e hcentury BC Greek
thinker Parmenides proclaimed that
nothing cannot exist, since to speak
of something is to speak of something
that exists.  is Parmenidean
approach kept prominent historical
gures busy for a long while.
A er the advent of Christianity,
religious leaders in Europe argued
that since God is in everything that
exists, anything that represents nothing
must be satanic. In an attempt to save
humanity from the devil, they promptly
banished zero from existence, though
merchants continued secretly to use it.
By contrast, in Buddhism the concept
of nothingness is not only devoid of any
demonic possessions but is actually a
central idea worthy of much study en
route to nirvana. With such a mindset,
having a mathematical representation
for nothing was, well, nothing to fret
over. In fact, the English word zero
is originally derived from the Hindi
sunyata, which means nothingness
and is a central concept in Buddhism.
Soa erzero nally emergedin
ancient India, it took almost 1 000 years
to set root in Europe, much longer
than in China or the Middle East. In
1200 AD, the Italian mathematician

The Bakhshali manuscript. sci-News.com

Fibonacci, who brought the decimal
system to Europe, wrote that:

e method of the Indians
surpasses any known method to
compute. Its a marvellous method.

ey do their computations using
nine gures and the symbol zero.

is superior method of computation,

clearly reminiscent of our modern one,
freed mathematicians from tediously
simple calculations, and enabled them
to tackle more complicated problems
and study the general properties

of numbers. For example, it led to

the work of the seventh century

Indian mathematician and astronomer
Brahmagupta, considered to be the
beginning of modern algebra.

ALGORITHMS AND
CALCULUS

e Indian method is so powerful
because it means you can draw up
simple rules for doing calculations. Just
imagine trying to explain long addition
without a symbol for zero.  ere would
be too many exceptions to any rule. e
ninth century Persian mathematician
Al-Khwarizmi was the rst to
meticulously note and exploit these
arithmetic instructions, which would
eventually make the abacus obsolete.

Such mechanical sets of instructions

illustrated that portions of mathematics
could be automated. And this would
eventually lead to the development
of modern computers. In fact, the
word algorithm to describe a set of
simple instructions is derived from
the name Al-Khwarizmi.
e invention of zero also created

a new, more accurate way to describe
fractions. Adding zeros at the end of a
number increases its magnitude, with
the help of a decimal point, adding
zeros at the beginning decreases its
magnitude. Placing in nitely many
digits to the right of the decimal point
corresponds to in nite precision.  at
kind of precision was exactly what 17th
century thinkers Isaac Newton and
Gottfried Leibniz needed to develop
calculus, the study of continuous change.

And so algebra, algorithms, and
calculus, three pillars of modern
mathematics, are all the result of a
notation for nothing. Mathematics
is a science of invisible entities that
we can only understand by writing
them down. India, by adding zero
to the positional number system,
unleashed the true power of numbers,
advancing mathematics from infancy
to adolescence, and from rudimentary
toward its current sophistication.

This article was originally published in
The Conversation and is reprinted under
Creative Commons licence.
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