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    REEFS IN SPACE

From space, more than 100 kilometres 
above the Earth’s surface, Australia’s 
Great Barrier Reef looks like “a string of 
iridescent aquamarine jewels”, according 
to US astronaut Ed Lu. 

The world’s largest coral reef system is made 
up of around 3000 individual reefs spread 
across more than 34 million hectares, and it 
is greatly under threat from various forms of 
environmental degradation. 

Monitoring the health of the Reef, as well 
as the many thousands of other reefs world 
wide, is a gargantuan task, but Dr Elizabeth 
Madin may have found a solution.

Madin is an ARC and WWF research scholar 
in the Department of Biological Sciences 
who was named Macquarie University’s 
2014 Early Career Researcher of the Year in 
Science and Engineering. 

Her research explores the effects that 
humans have on ocean ecosystems through 
fishing and other activities. 

“Humans change predation risk in oceans 
by catching bigger fish, which then makes 
it less risky for smaller fish to get eaten, so 
they change their behaviour and take more 
risks in their own search for food.”

The ‘behavioural cascade’ that results can 
lead to wholesale changes in the structure 
of ocean ecosystems, she says. 

MACQUARIE UNIVERSITY HAS A 
TRADITION OF BREAKING THE 
MOULD, OF BEING A CENTRE 
WHERE HIGH LEVELS OF 
RESEARCH ENGAGEMENT ARE 
STRONGLY ENCOURAGED AND 
WHERE A PERVASIVE RESEARCH 
CULTURE SPANNING ALL 
ACADEMIC LEVELS PROVIDES 
THE OPPORTUNITY FOR 
INNOVATIVE BREAKTHROUGHS.

HERE ARE SOME OF THE STORIES 
BEHIND THE HEADLINES.
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      PLANET OF  
THE BUGS

Professor Ian Paulsen is on the trail of 
‘superbugs’, the drug-resistant bacteria 
that don’t respond to typical antibiotic 
treatments, and which pose a growing, 
world wide health threat.

Drug resistance in bacteria is spread by 
a sinister capability – they can augment 
their capabilities by sharing DNA with 
each other. 

“Once one organism has learned how to 
become resistant to something, it can  
pass information on, exchange DNA 
with its neighbours and soon, the whole 
population has become resistant,”  
says Paulsen cheerfully. This is the main 
reason superbugs are becoming such a 
problem in hospitals, he says.

 
 “ Once one organism has learned 

how to become resistant, it can pass 
information on by sharing DNA with 

its neighbours. 

”BRIEFS

Madin is using satellite and other aerial 
imagery to monitor interactions among 
groups of species on coral reefs. “These 
images can tell us about the effects that 
herbivore species are having on the 
landscape of the reef by looking at patterns 
called grazing halos,” she says.

The majority of the world’s coral reefs are 
in shallow waters – less than 50 metres 
deep – and certain vegetation, like a 
primary producer algae or sea grass, can 
often be easily identified in the shallows of 
these reefs.

“It requires high-resolution imagery, 
which isn’t widely available yet for many 
of the world’s remote reefs,” she says. The 
Landsat global satellite imagery database 
has a pixel size of 30 metres, which is not 
detailed enough when grazing halos are 
generally tens of metres wide.

Paulsen was named the 2014 Macquarie 
Excellence in Research winner for the 
Faculty of Science and Engineering for his 
discovery of Acel, a new type of bacterial 
drug efflux pump.

Acel is a protein made by the superbug 
bacteria Acinetobacter baumannii, which 
makes the bacteria resistant by pumping 
antiseptics out of its cells.

Paulsen says that the recent development of 
next-generation sequencing techniques has 
given biologists new tools to investigate 
bacteria and microorganisms. He says that 
while more than 99 per cent of microbes 
can’t be cultured in a laboratory, now 
scientists can take environmental samples, 
isolate and sequence the DNA and identify 
what’s there.

“It was really difficult, before, to know 
how these ‘superbug’ bacteria did in 
response to different conditions. However, 
with the sequencing-based approach, we 
could observe how all of the genes in a cell 
changed and which ones got switched on  
in response to the addition of antiseptic, 
for example.”

The technique exposed a capability of 
the organism that no-one had previously 
known about: these cells had a new 
resistance mechanism that created a 
protein that pumped the antiseptic out of 
the cell.

“We’ve only used antiseptics for the last 
hundred years or so – this particular 
antiseptic was first used in the 1960s or 
70s,” Paulsen says. 

“What we now know is that this gene is 
found across bacteria that are separated by 
hundreds of millions of years of evolution. 
So the gene must have some natural 
function that probably has nothing to do 
with antiseptics, but the bacteria have put 
it to this use more recently – presumably in 
response to increasing antiseptic usage.”

The very short lifespan of bacteria means 
that evolutionary gains are very fast. “They 
typically reproduce or replicate every 20 
minutes or so, though an individual cell can 
live for a long time,” he adds.

“We are now looking for a compound that 
will inhibit the actual pump, the gene 
that makes the protein that pumps the 
antiseptic out of the cell, and reverse the 
drug resistance.” 

So Madin enlisted a group called 
Conservation Drones to help her trial the 
use of drones to collect imagery, with 
some great results: The wide availability 
of drones and cheap, lightweight cameras 
means that there’s an alternative aerial 
monitoring option for coral reefs in 
remote areas where there may be no 
commercially available high-resolution 
satellite imagery.

Her aim is to determine the extent to 
which grazing halos respond to changes 
in fishing pressure or the change in 
recovery of predators after a new marine 
reserve is established.

“Once we work this out, we may have a 
monitoring tool that will extend to places 
in the world that don’t have adequate 
funding for coral reef monitoring.”


