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It is the defining image of the African 
savannah: a feline predator making the final 
leap after an electrifying chase to drag down its 
prey. But that basic predator/prey relationship 
– in which the survival of one species is 
dependent on the ‘supply’ of another – has a 
mathematical underside with applications far 
beyond the ecology of a savannah.

The stock exchange, biological pest 

control, energy policy and cancer – these 
are all instances where equations that 
capture predator/prey dynamics are finding 
applications. Solving these equations is the 
task of a little-known field of academia, 
mathematical biology. 

The classic – and the simplest – solution 
is described by the Lotka–Volterra system of 
differential equations that were first proposed 

in the mid-1920s. Represented graphically, 
the solution appears as two wavy lines that 
predict oscillating numbers of predators 
and prey. As the prey population increases, 
predator numbers follow suit until the prey 
declines and drives down the ability of 
predators to survive. 

While there is a satisfying supply/demand 
simplicity to these dynamics, mathematical 
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Mathematicians are finding that equations for 
modelling interactions between predators and 
prey have a surprising array of applications in 
the human world, from biological control of crop 
pests to cancer research  By Gio Braidotti
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biology since the 1970s has been on a 
quest to produce mathematical models that 
are more life-like and the dynamics more 
realistically complex. 

For a young Indian mathematician, 
Dr Aspriha Chakraborty, the quest for 
human-world relevance resonated deeply. 
It saw her abandon the study of pure 
mathematics at a large Indian university in 

favour of moving to Swinburne University 
of Technology to work with Dr Manmohan 
Singh at the Faculty of Engineering and 
Industrial Sciences. 

In just five years at Swinburne, she 
has managed the extraordinary feat of 
completing both a master’s degree and a 
doctorate. Her master’s thesis, Numerical 
Study of Biological Problems in a Predator 
and Prey System, has been published in book 
form by Germany’s VDM Verlag, while 
her doctorate produced four peer-reviewed 
articles. Her supervisor, Dr Singh, simply 
calls her “brilliant”.

One of Dr Chakraborty’s widely acclaimed 
achievements relates to the concept of ‘prey 
taxis’ – the natural tendency of predators 
to follow the greatest concentration of 
prey. This tendency affects predator and 
prey movement, their spatial distribution in 
an environment, and consequentially, the 
possible outcomes of predation.

To capture the impact of prey taxis, 
Dr Chakraborty succeeded in adding a 
third equation to the standard model (in 
addition to the two wavy predator/prey lines 
mentioned above).

She says prey taxis helps shift the models 
from simplistic assumptions (that ignore 
everything but the predator and prey) to more 
biologically realistic, complex and dynamic 
capabilities – which provides useful modelling 
tools beyond basic biology and ecology.

Crucial to her work was the opportunity 
provided by Dr Singh to apply ‘numerical 
methods’ (that require real data) to 
mathematical biology rather than restrict the 
discipline to theory. It is this dual approach that 
distinguishes the Swinburne mathematicians 
from more traditional approaches.

Dr Singh explains that the theoretical 
approach involves creating theorems and then 
examining stability – whether predator and prey 
populations stabilise. “In numerical methods 
what we do is use field data generated by 
experimental biologists and show graphically 
what a stable equilibrium involves in a particular 
environment, what is unstable, and why there 
are changes in the system,” he says.

The requirement for field data anchors the 
mathematicians to a real situation where the 
predator/prey equations can find pragmatic 
applications. In Dr Chakraborty’s case, the 
application involves biological control of 
agricultural pests.

For her doctorate at Swinburne, the field 
data was provided by Dr Peter Ridland, 
formerly of the Victorian Department of 
Primary Industries (DPI), and involves the 
two-spotted spider mite and its predator, a 
mite called Phytoseiulus persimilis.

Dr Ridland says this predator is routinely 
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introduced into European glasshouses and 
fruit orchards to protect a broad range of 
fruits, vegetables and flower crops. Uses are 
increasingly being found for the predator in 
Australia, especially in Queensland in the 
cultivation of strawberries in glasshouses. 

However, the two-spotted spider mite is 
a so-called ‘secondary pest’ – a normally 
harmless species that becomes a pest for 
farmers only subsequent to the intensive 
use of insecticides – because, over time, 
insecticides kill off the two-spotted spider 
mite’s natural predators while the pest 
acquires pesticide-resistance and flourishes. 

“The ideal situation is to maintain stable 
predator and prey population at low numbers 
for long periods of time,” Dr Ridland says. 
“That makes ‘balance’ the overwhelming idea 
for biological pest management and the goal 
is to avoid a boom in pest numbers because 
then it is extremely difficult to control the 
pest and prevent damage to crops.”

Balance among natural enemies – or a 
‘stable equilibrium’, as Dr Chakraborty 
would say – is precisely what her innovation 
to the predator/prey equations can help to 
model and predict.

“What we have proven theoretically is that 
if we can introduce prey taxis, we can keep the 
equilibrium between predator and prey going 
for far longer,” Dr Singh says. “However, to 
prove it numerically requires a new round 
of glasshouse experiments and we would 
definitely like to pursue the experimental work 
with the DPI if funds are available.”

For the ecologist, Dr Ridland, the beauty 
of mathematical biology lies in the gain in 
understanding of what affects predator/prey 
stability. “The interaction with natural enemies 
is an important part of the ecology of insects, 
so anything that can help us better understand 
how to achieve balance is valuable.”

As to Dr Chakraborty herself, she would 
like to see the power of the predator/prey 
equations applied in a new direction. “I want 
to apply it either to cancer modelling or 
evolutionary biology. In both fields we use the 
same equations – it is still about the movement 
of populations as they interact. So in cancer 
research you are looking at cancer cells (the 
predator) invading normal tissue (the prey).”

Both her chosen areas are even more 
biologically complex, providing the perfect 
stepping-stone in Dr Chakraborty’s quest 
to infuse the mathematical models with 
some of the vital dynamics typical of living 
systems.   nn
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Dr Aspriha Chakraborty moved 
to Swinburne to explore 

applying numerical methods to 
mathematical biology.



20 known as spontaneous emissions from the 
photonic crystal – the process in which an 
excited material relaxes to a more stable 
state by emitting a photon of light without 
any external stimulus – could have effects 
on a range of other fields including in solar 
cells used to capture solar energy, where 
performance could be significantly enhanced 
by controlling the spontaneous emissions.

Professor Gu says that by changing the 
way in which the active material interacts 
with sunlight, the efficiency of solar cells 
should be able to be dramatically increased.

The team is now investigating the 
possibility of completely shutting off 
spontaneous emissions.

Meanwhile, Professor Eggleton says that 
the development of the photonic chip will 
represent a platform for new technologies in 
areas such as healthcare, but notes that it is 
still “early days” in this development.

While noting that breakthrough 
technologies such as this can take as long 
as 15 years to cycle from a research concept 
through to application, Professor Eggleton 
says the project has already achieved “many 
important milestones” and adds that the team 
is now starting to work with end-users and 
industry.  nn
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It is about 50 years since the first 
microchip or integrated circuit was 
developed. Although it has served us well 
over the past half-century, the ongoing 
development of faster and more efficient 
computers means that the capacity and 
speed of electronic chips are nearing 
their limits.

In a bid to overcome the limitations of 
existing chips, researchers are now working 
on developing the next generation of 
integrated circuits. These chips will not rely 
on sending electrons along copper wires at 
speeds of up to one gigabyte per second; 
instead they will use fibre optic technology 
to transfer information at the speed of light.

More than 100 researchers from six 
Australian universities – Swinburne 
University of Technology, the University 
of Sydney, Macquarie University, the 
University of Technology, Sydney, the 
Australian National University and RMIT 
University – are involved in the project. 
It is being carried out under the auspices 
of the Centre for Ultra-High Bandwidth in 
Optical Systems (CUDOS), an Australian 
Research Council (ARC) Centre of 
Excellence. The project, which is funded 
by the ARC, began in 2003 and is funded 
until 2010.

Professor Ben Eggleton, the director 
of CUDOS, says the research is aimed 
at developing what is known as a 
‘photonic chip’.

“The photonic chip has the potential to 
replace many electronic processing functions 
in optical communications systems and also 
underpins important applications in defence, 
healthcare and astronomy,” he says.

As part of the research program, 
scientists at Swinburne’s Centre for Micro-
Photonics have been working on extending 
the photonic chip platform into the third 
dimension – a move that would give the 
chips more functionality and the ability to 
transfer more data.

The centre’s director, Professor Min 
Gu, says this process involves creating an 
artificial three-dimensional crystal – known 
as a ‘photonic crystal’ – out of polymer.

“It’s the equivalent of a semi-conductor 
for photons,” Professor Gu says of the 
photonic crystal.

Professor Gu and his colleague Dr Jesper 
Serbin pioneered the technique to create the 
crystal in 2003. 

The technique involves focusing a high-
powered laser into a liquid polymer, thereby 
turning it into a solid. The crystal has 
refraction qualities roughly 100 times greater 
than those of glass, which makes it suitable 
for high-precision technologies such as the 
optical chip.

To create a photonic crystal that acts 
in the same way as a semi-conductor in 
conventional microchips it must be made 
‘active’. The active material acts as a source 
of photons.

“The ‘active’ semi-conductor is actually 
very important for the circuit,” Professor Gu 
says.

Dr Michael James Ventura, who, along 
with Dr Baohua Jia and Dr Jiafang Li at 
Swinburne, is part of the team working 
on the project at the Centre for Micro-
Photonics, says the photonic crystal can be 
made active by embedding active material, 
such as quantum dots.

“Active material embedded within 
photonic crystals allows for a tailorable 
source of photons which can be switched on 
and off (modulated in an electronic circuit) 
or directed into particular directions (into 
another photonic crystal or another part of 
the optical chip),” he says.

As well as aiding the creation of the 
optical chip, the ability to control what are 
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When the 
(micro) chips 
are down, 
researchers 
turn to three-
dimensional 
photonic 
crystals to 
improve the 
speed and 
capacity of the 
next generation 
of integrated 
circuits.,,
The photonic 
chip has the 
potential to 
replace many 
electronic 
processing 
functions 
in optical 
communications 
systems and 
also underpins 
important 
applications 
in defence, 
healthcare and 
astronomy.”
Professor Ben 
Eggleton
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Some call us small. We call it fat-free. It’s research focus,
coupled with research agility. As such, our ability to turn ideas
into commercial partnership opportunities is exceptional. 
Just ask Boeing, Ford and Cisco Systems.

And despite our size, citations of Swinburne’s research
have grown 250 per cent since 1999, a rate of growth 
that outstrips all the Go8 universities.*

Combine this with a major investment of $250 million
over the next four years, and our quest for research
excellence is unparalleled.
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