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Cover Story
A growing body of research is finding that video games stimulate the
brain, but are the skills acquired transferable and is violence in games
really an issue? Image credit: TR/Adobe

Too Many Science Graduates
A new report finds that the increasing number of science
graduates are having difficulty finding relevant employment. 

Advocates of science have long argued the merits of students studying science, tech-
nology, engineering and maths (STEM), and several programs have been established to
ignite an interest in science as early as primary school and then maintain that interest into
adulthood. Already these efforts seem to be working – perhaps too well. 

In August the Grattan Institute reported that “science has added 26,800 local students
since 2009, outstripping growth in other STEM fields”. But what happens to all those
students when they finish their studies? 

The report, Mapping Australian Higher Education 2016, paints a pessimistic picture
of the career prospects of science graduates. It found that:
• last year only 51% of science graduates found full-time work 4 months after completing

their course – 17% lower than the national average;
• the end of the mining boom has had dire consequences for geology graduates, with

the full-time employment rate at its lowest level in 30 years;
• only half of all working science graduates say their degree is required for their job –

20% below the average; and
• science Bachelor degree graduates are less likely than other STEM graduates to work

in high-skill managerial or professional jobs.
So where do many of our science graduates go? More than one-quarter start another

Bachelor degree, while 60% of those pursuing Masters degrees enrol in medicine. A
disproportionate number of science graduates pursues research funding for postgraduate
study, and this greatly improves their chances of finding work related to their degree. 

Furthermore, the report predicts that “school teaching opportunities for science grad-
uates should improve as the school-age population increases and as STEM school educa-
tion is promoted around Australia”.

The bottom line is that “employment directly related to science expertise is unlikely
to increase substantially in the near future,” with the report concluding that “on-going
increases in applications and offers for undergraduate science courses mean that
completions will keep growing, making it hard for employment rates to improve”.

The report also notes that the government’s National Innovation and Science Agenda –
the “ideas boom” – includes incentives for university–industry collaboration that “should
reinforce trends towards applied research”. The catch is that “scientific and research
skills are not a major on-going need for innovating businesses”.

However, a science degree does provide critical thinking, analysis and problem-solving
skills that are valuable in the business sector. Rather than trying to squeeze all science grad-
uates into the few science jobs available, or expecting them to undertake further study
for a career in research or teaching, clear pathways into postgraduate business studies
need to be promoted. By adding the management, leadership, innovation and commer-
cialisation skills that aren’t explicitly taught in a science undergraduate course we’d be
producing science-savvy graduates who are ready to take advantage of the “ideas boom”.

Guy Nolch is the Editor and Publisher of Australasian Science.



Bacteria in Antarctic sea-ice can change
mercury into a more toxic form that can
contaminate the marine environment,
including fish and birds, according to a
study published in Nature Microbiology.

Mercury can be released into the envi-
ronment through volcanic eruptions and re-
released from vegetation during bushfires,
as well as through human activities such as
gold smelting and fossil fuel combustion. 

Caitlin Gionfriddo, a PhD candidate
at The University of Melbourne who spent
2 months aboard the icebreaker Aurora
Australis to collect samples of Antarctic
sea-ice during an expedition mounted by
the Australian Antarctic Division, says that
methylmercury is an even more toxic form that accumulates in
the food web. 

“Larger fish eat smaller contaminated fish and continuously
accumulate methylmercury at harmful levels for human consump-
tion,” Gionfriddo said. Methylmercury ingested by people can
travel to the brain, causing developmental and physical problems
in foetuses, infants and children.

The sea-ice was analysed for different forms of mercury,
including methylmercury, as well as the DNA and proteins from
sea-ice microorganisms. Team leader Dr John Moreau said that the
results confirmed the presence of sea-ice bacteria that could convert
mercury into the more toxic methylmercury form.

The findings highlight the importance of eliminating mercury
pollution from the environment, and of following current recom-
mendations by Food Standards Australia and New Zealand to
limit the consumption of certain types of fish.

“These results are the first to identify a particular genus of

bacteria, Nitrospina, as capable of producing methylmercury in
Antarctic ice,” Moreau said. “The presence of these potential
mercury-methylating bacteria raises an interesting question: could
they also play a role in forming the methylmercury observed in
the oceans worldwide?”

“Mercury has a long lifecycle in the atmosphere, up to a year,”
said co-author Dr Robyn Schofield. “This means that mercury
released through fossil fuel burning from countries over 3000 km
away goes up in the atmosphere and ends up in Antarctica.” 

“The deposition of mercury into the sea occurs all year long
but increases during the Antarctic spring, when the sunlight
returning causes reactions that boost the amount of mercury that
falls onto sea-ice and the ocean,” Gionfriddo added.

Moreau added that more needed to be understood about marine
mercury pollution, “particularly in a warming climate and when
depleted fish stocks means more seafood companies are looking
south”.
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Residues from the medicines we take are

increasingly finding their way into our

drinking water, according to James Cook

University scientists who are attempting to

use ultraviolet and natural light to remove

pharmaceutical leftovers from the

environment.

“There’s ongoing debate over what impact

small amounts of pharmaceuticals in the water

supply have on the environment and ultimately

humans,” said A/Prof Michael Oelgemoeller.

“But studies have shown serious concerns

regarding their accumulation in water supplies.

The effects range from impacts on animal

behaviour and populations to the enhancement

of bacteria resistances.”

Oelgemoeller said the latest therapeutic

drugs were designed to be more stable so

they lasted longer in the body and were more

effective, but this had a downside. “Newer

compounds are better able to resist

metabolism by the human body. But when

these compounds are released into the

waterways, they now persist longer and in

more powerful concentrations.”

“A recent environmental study has shown

the presence of drugs has a significant

impact on the feeding behaviour of fish. So in

addition to the possible threat to humans,

having pharmaceutical agents in the water

could be seen as a threat to the Great Barrier

Reef, the aquaculture industry and ultimately

public health.”

He said evidence was emerging that even

the most modern water treatment systems were

unable to completely remove pharmaceutical

residues. Hence, these compounds find their

way into our drinking water supplies.

“Recent studies from around the world

have demonstrated that pharmaceuticals

survive even the most advanced conventional

water treatment processes.”

Oelgemoeller said the team was

investigating UV light and natural sunlight as

a sustainable, low-cost alternative to artificial

light. The team also uses natural minerals as

catalytic materials and absorbents that aid in

the removal of drug residues.

Longer-lasting Drugs Are Persisting in Water Supplies

BROWSE

Antarctic Mercury
Threatens Fish
and Birds

Acaro/CC BY-SA 3.0



Bee Semen Can Save the
Queen from Dysentery
Scientists are a step closer to protecting honey bees from the fungal
parasite Nosema apis, which causes dysentery and weakens hives
considerably.

When Nosema spores are swallowed by bees, the fungus pene-
trates the cells of the stomach lining and then infects nearby healthy
cells lining the gut. The spores are eventually excreted by the bee
and then ingested by other bees as they clean contaminated honey-
combs.

The effects on the hive include a reduced ability of infected
nurse bees to produce royal jelly fed to the hive’s brood. The
behaviour of infected nurse bees also changes, neglecting brood-
rearing duties in favour of foraging and hive-guarding behaviours. 

Furthermore, eggs produced by the queen bee may fail to produce
mature larvae, infected queens cease egg-laying and die, and the
life expectancy of infected bees halves.

Now, in a study published in the Journal of Proteome, researchers
from The University of Western Australia have identified several
immune molecules against the parasite in the semen of male bees. 

“We already knew that substances in bee semen were able to
recognise and kill Nosema apis very efficiently,” said lead author
Dr Julia Grassl. “However, it is surprising how quickly sick males
can activate an efficient response to protect their sperm and ulti-
mately the queen against the disease during mating.”

The findings could see the immune molecules developed into
a bee-derived medication to heal parasite-infected hives, or the
breeding of more disease-tolerant bees.
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Compiled by Guy Nolch

Babies born with moderately high concentrations of thyroid-
stimulating hormone (TSH) have a higher risk of poor educa-
tional and development outcomes at school age, according to a
study published in The Lancet Diabetes & Endocrinology. 

About one in 2000 children are born with congenital hypo -
thyroidism each year. If untreated for several months after birth,
abnormal thyroid function can lead to growth failure and perma-
nent intellectual disability.

Screening for congenital hypothyroidism is usually done by
testing concentrations of neonatal TSH in the blood, providing
an opportunity to identify infants with abnormal thyroid hormone
concentrations. Currently, only newborns with TSH concentra-
tions at the 99.95th percentile of the population range are diagnosed
with congenital hypothyroidism and treated with thyroxine. 

The study, conducted at The University of Sydney, linked data
collected from more than 500,000 infants between 1994 and 2008,
including newborn TSH levels, to subsequent assessments of child-
hood development and school performance. These included
NAPLAN results for numeracy and reading at ages 7–15 years,

and teacher assessments reported after the first year of school as part
of the Australian Early Development Census.

The researchers found a gradually increasing risk of poor educa-
tional and development outcomes for newborns with increasing
TSH concentrations from the 75th to the 99.95th percentile.

“The results showed a clear dose–response association between
neonatal thyroid-stimulating hormone and risk of scoring below
the national minimum standard for numeracy and reading,” said
the study’s senior author, A/Prof Natasha Nassar.

“This study can’t prove a cause and effect relationship between
thyroid-stimulating hormone levels in newborns and educational
and development outcomes in school-age children, but it suggests
an urgent need for prospective studies examining different thyroid
hormone thresholds for intervening with thyroxine,” said Dr
Bridget Wilcken the Children’s Hospital at Westmead. 

“Given that thyroxine is a relatively safe medication when indi-
cated and properly monitored, this simple intervention may prevent
significant learning and developmental problems in a small group
of affected children.”

Newborn Thyroid Activity Linked to Academic Struggles
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Snake Antivenom
Saves Man’s Best
Friend
Thousands of dogs are bitten by

venomous snakes each year in Australia,

but a new antivenom developed by CSIRO

is expected to reduce the number that die

significantly.

While human deaths from snake bites

have significantly reduced over the past

few decades, treatments for pets are

expensive and not as effective as they

could be. Now, however, CSIRO scientists

working with small biotech company

Padula Serums Pty Ltd have produced an

antivenom for eastern brown and tiger

snakebite that neutralises the toxins that

affect blood coagulation.

Prof George Lovrecz of CSIRO

Manufacturing says the new antivenom is

much more effective than those currently

on the market because it’s distilled and

concentrated to create a pure, fully-tested

antivenom that’s ready to be injected into

snake-bitten dogs. “We used the latest

technologies to make sure that the

antivenom is not only safe and effective

but it’s also a lot cheaper to produce

compared to existing products,” Lovrecz

said.

The antivenom will be available from

veterinary clinics around the country once

final testing has been completed and the

antivenom has been given approval for

sale from the Australian Pesticides and

Veterinary Medicines Authority.

The process used to develop the

antivenom could be adapted to other

types of snake venom or against the toxins

of paralysing ticks. CSIRO scientists are

also considering a similar approach to

treat human viruses like Ebola.

A Toxic Risk for Asian Medicine
Consumers of Asian medicine derived from Australian marine life may be inadvertently
consuming toxins, according to research that identified the presence of toxic substances
in devil and manta rays and traced the trade of these animals across Asia.

“Devil and manta rays are some of the world’s most biologically vulnerable fishes,
and their dried gill plates have become a valued commodity in alternative medicine
markets,” said Dr Kathy Townsend of The University of Queensland (UQ).

“Vendors recommend gill plates for ailments ranging from acne to cancer, and as
a general health tonic, even though it is a new addition to traditional medicine liter-
ature and rarely prescribed.”

A UQ study published in Aquatic Conservation: Marine and Freshwater Ecosys-
tems found that Guangzhou in China accounted for 99% of trade in devil and manta
rays in 2011. While recent Chinese government policies have since seen the trade of
gills decline in mainland China, Hong Kong has experienced dramatic increases.

The most common sources of gill plates are Chinese, Indonesian, Vietnamese, Sri
Lankan and Indian waters. While Australian waters are regarded as a high-end product,
Townsend last year revealed in Marine Pollution Bulletin that one-quarter of live devil
rays caught near Lady Elliott Island in Queensland display lead levels that exceed
international food safety standards.

“It could be linked to the large-scale mining activities in Queensland, inland from
the Great Barrier Reef,” Townsend said. “Australia is one of the world’s largest producers
of lead, and lead mining has been identified as a major cause for concern for environ-
mental contamination. Other marine organisms in the Great Barrier Reef have been
found to be similarly affected by high lead levels, including in the adjacent Townsville
harbour.”

Credit: Moesmand (CC BY-SA 3.0)
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A DNA analysis of living and extinct species
of wrens may change theories concerning
New Zealand’s geological and evolutionary
past, including the possibility that New
Zealand wasn’t completely submerged
under the ocean 21–25 million years ago.

Acanthisittid wrens are a group of tiny,
largely flightless birds found nowhere else in
the world. While they are similar in appear-
ance and behaviour to true wrens, they don’t
belong to the same family.

“Of the seven species living before
humans arrived in New Zealand, only two
now remain: the rock wren and the
rifleman,” says Dr Kieren Mitchell of the
University of Adelaide’s Australian Centre
for Ancient DNA. “Consequently, little is
known about their evolution.”

The study led by Mitchell, published in
Molecular Phylogenetics and Evolution, anal-
ysed DNA from three of the extinct species
and two living species. “Most surprisingly,
we found that some of the wren species
were only distantly related to each other,
potentially sharing a common ancestor over
25 million years ago,” he says.

“Previously, researchers have suggested
that New Zealand was completely
submerged 21–25 million years ago, which

implies that all of
New Zealand’s
unique plants and
animals must have
immigrated and
diversified more
recently than that
time. 

“This theory is
consistent,  for
instance, with
what is  known
about the moa,
where the different species all shared a
common ancestor much more recently than
21 million years ago.

“But the ancient divergences we found
among the wrens suggest that they have
been resident in New Zealand for more
than 25 million years, and possibly as long
as 50 million years (when New Zealand
became disconnected from the rest of
Gondwana). As the wrens were largely very
poor fliers, or even flightless, some land
must have remained throughout that
period.

“This has important consequences for
our understanding of the evolution of New
Zealand’s unique ecosystems,” Mitchell says.

Nanoparticles in a Perpetual
Solid–Liquid State 
Imagine placing ice cubes into a glass of water and having the ice
cubes remain unchanged and in the same state for hours, even
under intense heat or freezing conditions. An international research
team has made a similar discovery using gallium nanoparticles.

The researchers used advanced electron microscopy facilities
at The University of Western Australia and imaged the atomic
arrangement within gallium nanoparticles. Gallium is a soft, silvery-
blue metal at room temperature that melts at 30°C. At a temper-
ature below –18°C it becomes hard and brittle. 

“We discovered that, by controlling the growth of the nanopar-
ticles on the substrate, both a liquid and solid state are possible in
the metal nanoparticle at a same time,” said Dr Alexandra Suvorova
of The University of Western Australia’s Centre for Microscopy,
Characterisation and Analysis. “The finding was surprising, espe-
cially because of its stability over such a large temperature range.”

Suvorova said the discovery was a major breakthrough in under-
standing the nanoscale behaviour of gallium, and created new
possibilities for its future development and use. “Gallium is an
important element in electronics and is used in microwave circuits,
high-speed switching circuits and infrared circuits,” she said.

“The discovery of this new part-solid, part-liquid nanoparticle
phase could be useful in ultraviolet sensors, molecular sensing
devices and enhanced photodetectors.”

The research been published in Nature Materials.

Wren DNA Reshapes NZ
Geological Theory

Lyall’s wren, an extinct acanthisittid wren,
was reportedly both discovered and
exterminated by a lighthouse-keeper’s cat. 
Public Domain, John Gerrard Keulemans (1842–1912)

The rifleman is one of the two living species of acanthisittid wren.
Public Domain, William Lawry Buller (1838–1906)

A single gallium nanoparticle sitting on top of a sapphire base.
The black sphere in the centre reveals the presence of solid
gallium within the liquid drop exterior. 
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A study published in Cell Metabolism has identified a new system in

the brain that senses and integrates the sweetness and energy

content of food, and in so doing has explained why artificial

sweeteners can make people feel hungry and therefore eat more.

“After chronic exposure to a diet that contained the artificial

sweetener sucralose, we saw that animals began eating a lot more,”

said lead researcher A/Prof Greg Neely of The University of Sydney.

“We found that inside the brain’s reward centres, sweet sensation is

integrated with energy content. When sweetness versus energy is out

of balance for a period of time, the brain recalibrates and increases

total calories consumed.”

In the study, fruit flies that were exposed to a diet laced with

artificial sweetener for more than 5 days consumed 30% more

calories when they were subsequently given naturally sweetened

food.

“When we investigated why animals were eating more even

though they had enough calories, we found that chronic consumption

of this artificial sweetener actually increases the sweet intensity of

real nutritive sugar, and this then increases the animal’s overall

motivation to eat more food,” Neely said.

This is the first study to identify how artificial sweeteners can

stimulate appetite, with researchers identifying a complex neuronal

network that responds to artificially sweetened food by telling the

animal it hasn’t eaten enough energy.

“Using this response to artificially sweetened diets, we were able

to functionally map a new neuronal network that balances food’s

palatability with energy content. The pathway we discovered is part

of a conserved starvation response that actually makes nutritious

food taste better when you are starving,” Neely said.

The researchers also found that artificial sweeteners promoted

hyperactivity, insomnia and decreased sleep quality – behaviours

consistent with a mild starvation or fasting state. The effects on sleep

have previously been reported in human studies.

To discover whether artificial sweeteners also increased food

intake in mammals, Prof Herbert Herzog’s laboratory at the Garvan

Institute of Medical Research replicated the fruit fly study in mice.

Mice that consumed a sucralose-sweetened diet for 7 days displayed

a significant increase in food consumption, and the neuronal

pathway involved was the same as in the fruit flies.

“These findings further reinforce the idea that ‘sugar-free’

varieties of processed food and drink may not be as inert as we

anticipated,” Herzog said. “Artificial sweeteners can actually change

how animals perceive the sweetness of their food, with a discrepancy

between sweetness and energy levels prompting an increase in

caloric consumption.” 

Artificial Sweeteners Trip Appetite Control Mechanisms

Devil’s Bigger Extinct
Cousin Discovered 
A new species of extinct carnivorous marsupial has been
identified from a fossil discovered in north-western
Queensland.

Weighing in it 20–25 kg, Whollydooleya tomnpatri-
chorum is a distant cousin of Australia’s largest living
carnivorous marsupial, the Tasmanian Devil – and about
twice as large.

A description of the new marsupial, based on its fossil
molar tooth, has been published in the Memoirs of
Museum Victoria. “W. tomnpatrichorum had very
powerful teeth capable of killing and slicing up the largest
animals of its day,” says the study’s lead author Prof Mike Archer
of the University of NSW.

During the late Miocene period 5–12 million years ago, Australia
began to dry out and the megafauna began to evolve. However,
the arid conditions were largely unsuitable for fossil preservation,
making this period one of the most mysterious and least well-
understood.

“Fortunately, in 2012, we discovered a whole new fossil field
that lies beyond the internationally famous Riversleigh World
Heritage Area fossil deposits in north-western Queensland,” Archer
says. “This exciting new area – New Riversleigh – was detected by
remote sensing using satellite data.” 

The New Riversleigh deposit provides clues about how the envi-
ronment was changing 5–12 million years ago, when increasing
dryness ultimately led to the ice ages of the Pleistocene. For example,
it contains the first signs of wind-blown sand grains, which are absent

from the older Riversleigh World Heritage deposits.
Furthermore, the teeth of other animals in this deposit are

unusual for Riversleigh because they are more worn down. This
suggests that the animals in the late Miocene were eating tougher,
more drought-resistant plants, and there was more abrasive dust in
the environment.

“New Riversleigh is producing the remains of a bevy of strange
new small- to medium-sized creatures,” Archer says. “These new
discoveries are starting to fill in a large hole in our understanding
about how Australia’s land animals transformed from being small
denizens of its ancient wet forests to huge survivors on the second
most arid continent on Earth.”

Archer says that Whollydooleya “represented a distinctive
subgroup of hypercarnivores that did not survive into the modern
world. Climate change can be a merciless eliminator of the might-
iest of mammals.”

The lower molar of Whollydooleya tomnpatrichorum. Credit: Suzanne Hand



Can Trees Cope with the
Third Degree?
Scientists at Western Sydney University have used the world’s
only “whole tree chambers” to measure the respiration of trees
under proposed climate change conditions.

The world’s trees and plants absorb more than 120 Gt of carbon
from the atmosphere every year, and about half of that is returned
back to the atmosphere as trees respire. Current models predict
that rising temperatures will increase the amount of carbon that
trees respire for every unit of carbon they absorb, leading to a posi-
tive feedback loop where rising temperatures promote increased
carbon release, leading to further temperature increases.

Using the world’s only “whole tree chambers” in which trees
can be grown in the ground up to 9 metres high under precisely
controlled temperatures, a team led by Dr John Drake measured
carbon exchange and water usage of wholly-enclosed forest red
gums (Eucalyptus tereticornis) at temperatures 3°C above the outside
temperature. 

Current models indicate that warming of 3°C would see respi-
ration of CO2 exceed uptake of CO2 by photosynthesis, resulting
in a net transfer of carbon from trees to the atmosphere, thus accel-
erating climate change. However, Drake’s research, published
in New Phytologist, indicates that warming of 3°C tends to reduce
photosynthesis, but trees are able to change their physiology and
maintain respiration at a lower level as well. This means that
warming does not result in a net transfer from trees to the atmo-
sphere; the system remains in balance.

However, this isn’t true for heat waves. During uncommonly
hot conditions of approximately 35°C, a further warming of 3°C
leads to a strong increase in tree respiration and a reduction in
photosynthesis. This causes trees to release carbon to the atmo-
sphere during heat waves, providing a positive feedback event that
promotes climate warming.

“This is the first experiment where we have been able to subject
a widely distributed Australian tree species to whole-canopy
warming in field conditions and measure whole-canopy carbon
uptake and release via photosynthesis and respiration,” Drake says.
“These findings demonstrate that there is greater scope for trees to
adjust physiologically to warming except under heat wave condi-
tions.”

The whole tree chambers provide fully enclosed, controlled
environments for trees up to 9 metres tall. In these chambers,
researchers can manipulate the environment around a tree,
including air temperature, soil moisture, irrigation, CO2 levels and
humidity, to predict the integrated effects of altered climates on
tree physiology. 
Credit: The Hawkesbury Institute for the Environment, Western Sydney University
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The first broad picture of the evolution and
possible functions of pollen allergens may
help medical research into the reduction or
prevention of allergic diseases such as asthma
and allergic rhinitis (hayfever).

“During the past four decades, allergic
diseases have become a global health
problem,” says project leader Prof Dabing
Zhang, who leads The University of
Adelaide and Shanghai Jiao Tong Univer-
sity Joint Laboratory for Plant Science and
Breeding. “Studies have shown that more
than 50% of patients with perennial allergic

rhinitis are sensitised to pollen allergens,
and the number of people affected by pollen
allergy is on the increase worldwide.

“Unfortunately, pollen allergens are diffi-
cult to avoid because of the extremely small
size and high prevalence of pollen. This is a
serious health issue, but very little is known
about their evolutionary history and why
plants have evolved these allergens.”

Zhang’s study, published in Plant Phys-
iology, undertook a genome-wide analysis
of potential pollen allergens in two model
plants, Arabidopsis thaliana (thale cress)

and rice, and compared the results with
25 species of plants ranging from simple
algae to complex flowering plants. The
findings were used to develop a model
explaining how plants produced and main-
tained pollen allergens. 

“This genetic and evolutionary insight
our work has provided will be useful in
terms of both future medical and plant-
breeding research focused on preventing
pollen allergies. For instance it may help
in the development of a vaccine or in modi-
fying crop plants by screening out aller-
gens during plant breeding,” says Prof
Zhang.

The Origins of Pollen Allergens
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Continuous motion of a self-propelling liquid metal  droplet  under  a pH
gradient at different time intervals. The droplet is placed in a fluid channel
between two reservoirs filled with acidic and basic electrolytes.

Liquid Metals to “Soft-Wire”
Elastic Electronics
The shape-shifting metals behind the T-1000 android assassin in the sci-fi
movie Terminator 2 may not remain science fiction for long with the devel-
opment of self-propelling liquid metals that could lead to the replacement
of solid state circuits by elastic electronics.

Modern electronics are mainly based on circuits that use solid state
components with fixed metallic tracks. However, researchers are trying to
create soft circuits that act more like live cells, moving around autonomously
and communicating with each other to form new circuits rather than being
stuck in a predefined configuration.           

Liquid metal droplets have offered the most promising path for achieving
this as they are malleable, contain a highly-conductive core and an atom-
thin semiconducting oxide skin, all of which are needed to make electronic
circuits.

To work out how to enable a liquid metal to move autonomously, Prof
Kourosh Kalantar-zadeh’s team at RMIT University first immersed liquid
metal droplets in water. “We adjusted the concentrations of acid, base and
salt components in the water and investigated the effect,” Kalantar-zadeh
said. 

“Simply tweaking the water’s chemistry made the liquid metal droplets
move and change shape, without any need for external mechanical, elec-
tronic or optical stimulants,” Kalantar-zadeh said. “Using this discovery,
we were able to create moving objects, switches and pumps that could operate
autonomously – self-propelling liquid metals driven by the composition of
the surrounding fluid.”

The research lays the foundation for the use of “electronic” liquid metals
in 3D electronic displays and components on demand, and to create makeshift
and floating electronics. “Eventually, using the fundamentals of this discovery,
it may be possible to build a 3D liquid metal humanoid on demand – like
the T-1000 Terminator but with better programming,” Kalantar-zadeh
said.

The research, which has been published in Nature Communications,
details the precise conditions in which liquid metals can be moved or
stretched, how fluid on their surfaces moves around and – as a result – how
they can make different flows. 

The work also explains how the electric charges that accumulate on the
surface of liquid metal droplets, together with their oxide skin, can be manip-
ulated and used in a range of industries including engineering and biomedicine.

Australia Targeted 
by Under-regulated
Stem Cell Clinics
Australia has one of the highest number of clinics

engaging in direct-to-consumer marketing of stem

cell therapies, according to the largest-ever study of

an “under-regulated industry”.

The study, published in Cell Stem Cell, reveals

murky marketing practices and dubious claims from

417 unique websites advertising stem cell-based

therapies. “In the early days of this under-regulated

industry, clinics were typically located in developing

economies, where weak laws or lax enforcement

enabled these businesses to operate with relative

impunity,” says the study’s senior author, Prof John

Rasko of The University of Sydney.

Previously it was thought that stem cell tourism

was predominately being promoted online from

countries in South-East Asia, Russia and eastern

Europe. “More recently, richer countries such as

Australia, Germany, Italy, Japan and the United

States have seen clinics take advantage of real or

imagined gaps in regulation.”

Stem cell experts have long called for the closure

of loopholes that allow doctors to administer costly,

unproven and potentially dangerous stem cell

therapies in Australia. “The loophole applies to stem

cells taken from one’s own body for use

in autologous stem cell transplants. The Medical

Council of NSW, Australian Academy of Science and

the National Health and Medical Research Council

proposed much stronger regulations, but the

Therapeutic Goods Association has still not made a

decision.”

The study reveals that 83% of the websites

offered adult stem cells, followed by stem cells of

unspecified type (13%). The remainder offered

embryonic, induced pluripotent or foetal stem cells

or amniotic stem cells. About half of the sites didn’t

indicate the donor source of cells.

The websites were frequently imprecise about the

medical conditions for which they offered

interventions, and used inconsistent terminology or

categories of diseases across sites.

The websites most commonly targeted anti-

ageing and skin care applications (47%), indicating

that marketing was pitched at lifestyle or aesthetic

concerns rather than medical issues. The clinics

typically made claims without supporting evidence

from randomised, controlled, independent clinical

trials, and lacked market authorisation from a

regulatory authority.

While Australia ranked fifth among advanced

economies with 19 clinics, on a per capita basis it

was only behind Ireland and Singapore.



Cholesterol Linked to
Aggressive Cancers
The discovery that fats – including cholesterol –

could increase the progression of a range of

aggressive cancers could lead to new treatment

strategies and targets.

“Our previous research showed a high-

cholesterol diet increased the spread of prostate

cancer tumours to lymph nodes, lungs and bones,”

said study leader A/Prof Michelle Hill of The

University of Queensland’s Diamantina Institute.

“The new study has extended the results to

melanoma, breast, ovarian and kidney cancers by

analysing published data sets.”

Cholesterol and other fats are essential

components of cell membranes, and play a role in

regulating processes such as cell migration and

division. “Cholesterol makes specialised membrane

regions which are important regulators of cell

function, and our laboratory has been investigating

how these membrane regions increase cancer

progression,” Hill said.

“By comparing data published by other research

groups using melanoma, breast and kidney cancer

models, we were able to identify common

mechanisms associated with increased cancer

progression. Interestingly, the amount of

cytoskeleton proteins at the cholesterol membranes

are elevated in more aggressive cancers in all

models.” The cytoskeleton is a network of fibres

connecting parts of the cell, so it is important for

the cell’s structural integrity.

“Some chemotherapy drugs work on breaking up

the cytoskeleton, notably the taxane family of drugs

including docetaxel,” Hill said. “Because of its

importance in all cells, targeting the cytoskeleton

leads to toxicities and side-effects for patients. If we

can identify a specific cancer-associated change in

cytoskeleton, then more specific therapies could be

design to kill cancer without affecting normal cells.”

Hill said the group’s previous study on prostate

cancer had revealed a reduction in the

cytoskeleton–cholesterol membrane link when a

gene that suppresses tumour growth was activated.

“When we tested a completely unrelated tumour

suppressor gene in an ovarian cancer cell model, we

again found a correlation between reduction of

cytoskeleton–cholesterol membrane linkage and

cancer properties.”

The team will now follow up on the specific

molecules responsible for increasing cytoskeleton–

cholesterol membrane linkage in cancer.

Hill said the research, published in the Journal of
Proteome Research, reinforces the importance of
cancer patients maintaining low cholesterol levels in

consultation with their doctors.
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Evolution Has Spared Some
Organs from Cancer
The reasons people and animals develop cancer in some organs but not in others
may have more to do with evolution than genetic or lifestyle factors such as
smoking, according to research published in Trends in Cancer. The paper argues
that evolution has protected essential but unpaired organs, such as the heart, from
tumour development while larger and often paired organs, such as the liver, are
more likely to develop cancers as they might be less essential for survival.

Dr Beata Ujvari of Deakin University’s Centre for Integrative Ecology said
the difference in cancer prevalence between organs had previously been accred-
ited to intrinsic factors such as stem cell numbers and high mutation rates in
certain organs, or to extrinsic factors such as cigarette smoking and pollution. 

“We propose that also considering organs as distinct but connected eco -
systems whose different vulnerabilities to malignant transformation may be
partially explained by how essential each organ is for survival,” Ujvari said. “For
example, the relative rarity of heart and brain cancers can potentially be attributed
to the low cellular turnover in these organs, and therefore to the low opportu-
nities for cancer-causing mutations.

“We think that turnover rates may also be low in these organs because they
are crucial to survival. While the cell turnover rate is approximately 4–15% per
year in the heart and 2.7% in the brain, the intestinal epithelium completely self-
renews approximately every 5 days.”

The scientists predict that after the effects of stem cell numbers, rates of cell
division and exposure to toxins and infection are taken into consideration, the
ecology of different organs will account for considerable differences in vulner-
ability to cancer. They are currently working on a formal test to prove or disprove
their hypothesis.

“This kind of evolutionary ecological analysis of variations in different organs
may prove of great value in cancer prevention and treatment,” Ujvari said.

Diabetics Should Pause Paleo Diet
People with Type 2 diabetes should be wary of social media hype about the
benefits of going on the paleo diet as there have been no trials lasting beyond
12 weeks involving type 2 diabetes sufferers.

“There have been only two trials worldwide of people with Type 2 diabetes
on what looks to be a paleo diet,” said A/Prof Sof Andrikopoulos of The Univer-
sity of Melbourne’s Department of Medicine.“Both studies had fewer than 20
participants, one had no control diet, and at 12 weeks or less, neither study
lasted long enough for us to draw solid conclusions about the impact on weight
or glycaemic control.”

Writing in the Medical Journal of Australia, Andrikopoulos recommended
people with Type 2 diabetes seek advice from their GPs, registered dietitians and
diabetes organisations. “Most paleo diets insist on avoiding refined sugar and
processed food, which is consistent with dietary guidelines worldwide,” he said.
“But when you start cutting out whole grains and dairy, which are absent from
many forms of the paleo diet, you may forego important sources of fibre and
calcium. 

“And high-fat, zero-carb diets promoted by some celebrities make this worse
as they can lead to rapid weight gain, as well as increase your risk of heart disease.”

Andrikopoulos, who is also President of the Australian Diabetes Society,
says people with diabetes benefited most from regular exercise and the Mediter-
ranean diet – olive oil, fats from fish, legumes and low in refined sugar. “While
it’s tempting to emulate celebrities who look great and can spend a lot of time
at the gym, if you’re already overweight or you live a sedentary life, it may be quite
risky to adopt a high-fat diet… and if you have diabetes, it’s downright dangerous.



I
t’s been a long day. The sun set an hour or so back, and
since then the only thing we’ve managed to drag from
the car is the cask wine and three tin cups. We are sitting
there, in the dark, in the dust among the saltbush, going
over the highs and lows of the past 3 days. We will camp

here, next to one of the 600-odd bores between Broome and Port
Hedland, and tomorrow is going to be more of the same: driving
the long distances necessary to meet the pastoralists and indige-
nous folk that call this part of the world home. 

We want to know if we can stop the cane toad invasion here,
where the Great Sandy Desert meets the coast. Reid Tingley,
Darren Southwell and myself are here to talk with the locals and

see the country in detail. Stopping the toad invasion is a bold
idea, but is it feasible? So far, our observations have yielded a big
“maybe”. We are a little despondent, but we are about to stumble
on a fascinating new idea.

Cane toads were introduced into Australia in the 1930s.
The 101 toads originally introduced around Gordonvale in
northern Queensland have, in the past 80 years, become billions
of toads. From their initial release site, toads have spread to
occupy more than 1.5 million km2 of the Australian mainland. 

Because they are highly toxic, they have had major impacts
on native predators such as goannas, quolls and freshwater
crocodiles. The removal of these predators has, in turn, resulted
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Genetic “Backburning”
Can Stop Cane Toads 
BEN PHILLIPS 

Could the cane toad’s march through the Kimberley be stopped in its tracks by introducing
less-dispersive toads ahead of the invasion front?

Johan Larson/Adobe



in cascading changes in the ecological communities that the
toads have invaded. 

The introduction of toads, like the introduction of rabbits
and foxes, is one of those actions that we wish we could take back.
If we can’t take it back, we would at least like to stop the inva-
sion from progressing any further.

Stopping any invasion is hard, but stopping the cane toad
invasion is particularly tricky. Cane toads make rabbits – those
paragons of fecundity – look chaste. While rabbits have tens of
babies, cane toads have tens of thousands. 

As well as this, cane toads – particularly those on the inva-
sion front – can move astonishing distances: more than 50km
in a wet season. The reason invasion front toads move so far is
that they have, over the past 80 years, evolved to become hyper-
dispersive.

Conditions on invasion fronts relent-
lessly select for the fastest dispersers in a
population. As a consequence, toads at the
invasion front move 5–10 times further
each year than their counterparts in
northern Queensland. 

These astonishing capacities for repro-
duction and movement make the toad inva-
sion very hard to stop. Cane toads are
currently invading the Kimberley at a rate
of 50 km/year, and massive community
efforts at toad control over the past decade
have done nothing to curb that spread. 

Stopping the cane toad invasion is
impossible, or at least that was my long-
held view. But that view began to change
when Mike Letnic showed me a map and
sketched an idea. The map showed the La

Grange region between Broome and
Port Hedland, and it revealed that all
of the permanent water in this region
was confined to a narrow coastal strip:
a 600 km bottleneck of toad habitat
wedged between the Great Sandy Desert
and the Indian Ocean. 

Mike also pointed out that almost
all of these permanent water sources are
artificial water points: bores sunk by
pastoralists to keep their cattle alive in
this otherwise perishing landscape. If

we could stop toads getting to these artificial water sources,
said Mike, they would not survive the dry season. This corridor
would therefore become a death trap, and the toad invasion
would stop. 

This was an intriguing idea, and the potential win was that
we could keep cane toads out of the Pilbara: a 270,000 km2

region of the country chock-full of endemic species, and also
perfectly suitable for cane toads. This was an idea worth looking
at very seriously, so we did. 

We drew on more than a decade of intensive ecological work
on toads conducted by Rick Shine and Greg Brown in Sydney;
we drew on international expertise in spread modelling; and
we drew on new empirical work exploring the survival of toads
cut off from these water sources. The result has been several
published papers and nothing but support for the idea.
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A map of the area between Broome and
Port Hedland showing artificial water
sources (black dots) and natural water
sources (orange dots) within the toads’
potential range in Australia.  
From Tingley et al 2013 Journal of Applied Ecology 50: 129.
Reproduced with permission.

Artificial waterbodies provide a critical refuge for toads in arid areas.  Credit: Mike Letnic



Based on everything we know about toads, the landscape
and weather, we now believe it’s possible to stop the toad inva-
sion somewhere between Broome and Port Hedland. However,
it’s a long road from an idea to its implementation. 

So we’d come to talk to the locals. Did they think it was
feasible? Was there anything important that our modelling
had missed? Did our maps of water availability concord with
their experience? 

We were 3 days into this process, and we had seen highs and
lows. Most people felt that it could work, but there were issues
raised: coastal fogs; plans for irrigated cropping; design of infras-
tructure; costs. We felt that most of these issues could ulti-
mately be dealt with. 

Our largest concern was finding a bulletproof stretch of
country about 100 km wide where we were confident that
access to all water in the dry season could be controlled. We
were halfway through our tour, and so far we hadn’t found that
perfect stretch of country.

The idea behind this barrier is that, during the wet season,
toads are free to disperse wherever they choose. There is abun-
dant water during the wet season, particularly when cyclones
are around. During these times of high water availability, toads
will move freely and breed in numerous places in the landscape;
there is nothing that can be done to prevent this. 

Our strategy focuses on the dry season. By September, all
the surface water is gone except for a few permanent natural
water bodies and the artificial water points of the pastoralists.
If we create a 100 km stretch of country where these water
sources are not available to toads, the toads can disperse into it
during the wet season but none can survive through the ensuing
dry. The invasion stops.

The real frustration was that we had found stretches of
country that were almost wide enough. For example, there was
a nice 70 km stretch just down the road. Our modelling work
told us that a 70 km stretch had a very good chance of working,
but we wanted to be completely sure: 100km would give us a
high level of certainty. If only our waterless barrier didn’t need
to be so wide we would already have found a perfect place for
it. 

And that’s when we stumbled across a fascinating possi-
bility. What if we weren’t trying to stop the invasion front
toads with their insane evolved tendency to move huge distances?
What if, instead, we were trying to stop the relatively sedentary
toads that are found in northern Queensland where toads were
first introduced? 

And from there the idea of the genetic backburn sprang
from the dust, fully-formed and surprising. Who would have
thought that we might be able to stop an invasive species by
introducing more of them ahead of the invasion front? 

It’s a counter-intuitive idea, but it can work. The key to it
is that, on invasion fronts of any invading population, including
toads, there is intense evolutionary pressure operating to increase
rates of dispersal. Only the individuals that move the furthest
can be on the invasion front each generation, so dispersal rates
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(a) Highly dispersive toads (red) lead normal toads (yellow).

(b) Normal toads are translocated ahead of the invasive front.

(c) Translocated individuals spread towards the invasive front.

(d) The two populations merge.

(e) Normal toads (yellow) outcompete dispersive toads (red).

How a genetic backburn might play out. (a) Red denotes highly
dispersive toads leading the invasion front, and yellow denotes
normal toads lagging behind. (b) Less dispersive individuals are
translocated ahead of the invasion front. (c–e) They outcompete
highly dispersive individuals so that these do not reach the
dispersal barrier.  
From Kelly and Phillips 2015 Conservation Biology 30:259.  Reproduced with permission.



on the invasion front can rapidly increase relative to the initial
population. 

This is not just a theoretical idea: it has been demonstrated
in the Petri dish, in species shifting their range due to climate
change and, perhaps most convincingly, in cane toads as they
spread across northern Australia. Dispersal rates on invasion
fronts will often evolve to high levels despite the costs. Thus,
when placed in competition with individuals well back from the
invasion front, the highly dispersive invaders will likely be less
fit. 

There is very clear evidence that this is the case in toads.
After the invasion front has passed, dispersal rates steadily
evolve downwards over time as fitter, less dispersive genotypes
win out. 

If we were to establish a waterless barrier and then, as the toad
invasion approaches, introduce toads from Queensland on the
nearside of the barrier, we would set off a new invasion, a back-
burn of less-dispersive genes heading back towards the oncoming
invasion front. Because our less-dispersive toads can outcom-
pete their highly dispersive brethren, the highly-dispersive toads
(and their genes) never make it to the barrier. For the modest
cost of moving some animals across the country, we can, in
theory, make the barrier substantially more effective.

But it’s a long road from idea to implementation. Based on
all the information and feedback gathered during our tour of
the barrier region, Darren has improved our models, stress-

tested them, and completed an economic analysis. His analysis
suggests that, even without the genetic backburn, the barrier can
work and the Pilbara kept toad-free. 

Moreover, the cost of the entire exercise works out to be
astonishingly cheap relative to many other conservation actions:
about $90,000 per year. This money would be spent on ensuring
that pastoral infrastructure was well maintained, leak-free and
therefore inaccessible to toads. 

Thus the idea offers potential wins to pastoralists, indigenous
communities and the environment. Executing a genetic back-
burn would add almost no additional cost but would make the
barrier substantially more difficult to breach. Whether we used
the backburn to reduce the cost of the exercise (by imple-
menting a narrower barrier) or simply as a cost-neutral mech-
anism to really make sure that our barrier holds is a decision for
the future. Indeed, whether we should use the genetic back-
burn at all is a decision that requires careful consideration. 

For now, however, it is simply exciting to have a completely
new strategy up our sleeves for controlling the spread of inva-
sive species. The toad is the most obvious application, but now
that the idea is out it will be fascinating to see where it goes. 

Rapid evolution happens during invasions of many kinds,
from tumours to damselflies and toads, and even during the
spread of disease. Can we exploit this rapid evolution to effect
novel management outcomes? Time will tell.
Ben Phillips is Head of the Spatial Ecology and Evolution Lab at The University of Melbourne.
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E
very year, video games grow in sophistication, acces-
sibility and popularity. It’s almost impossible to
recognise the influence of early arcade and console
video games that became popular in the 1970s and
1980s in the immersive complexity of modern

video games like Call of Duty or Diablo. 
It’s not surprising that 68% of Australians play video games

for an average of almost 1.5 hours per day, according to a Digital
Australia report published this year (http://tinyurl.com/j3rhj6z).
Modern video games have encapsulated our imaginations
through the Hollywood-style cinematics, dynamic virtual envi-
ronments and intricate storylines of games like Metal Gear

Solid to the daringly simple yet strategically demanding game-
play adopted by app-based games like Angry Birds. 

Concerns have been raised about the intense relationship
we have developed with video games. It’s difficult not to wonder
what else could be achieved if those 10–11 hours per week were
spent playing sport or mastering a new language. 

The average young person spends around 10,000 hours on
video gaming by the age of 21 – enough time to earn two bach-
elors degrees. However, research is beginning to challenge the
perception that gaming provides us with little more than a
means of entertainment. Playing certain types of video games
may actually have some surprising benefits for our brains.
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The Emerging potential of

vvv ii dd ee oo gg aa mm ee ss
AARON KANDOLA

A growing body of research is finding that video games stimulate the brain, but are the skills
acquired transferable and is violence in games really an issue?
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Training the Brain
You would be hard-pressed to find anyone who disagreed with
the notion of “practice makes perfect” or, at the very least, prac-
tising a task will eventually lead to improvements in the perfor-
mance of that task. This truism also applies to our brains. From
computerised brain-training games like Luminosity to more
traditional puzzles like Sudoku, humans have long favoured
the idea that repeatedly challenging ourselves using such cogni-
tive tasks will train our brain to maintain or gradually improve
its functioning. 

The logic of training our brain like a muscle is intuitively
appealing and, on the surface, brain training paradigms appear
to be somewhat successful. Extensively practising a task, such
as memorising different sets of words, will improve your capacity
to accurately remember those words, but this is essentially
where the buck stops. While you may be better at recalling this
list of words, these tasks do not necessarily improve your overall
memory capacity. 

The benefits of training on one task are typically not seen in
other tasks within the same domain, even if the new task is
conceptually very similar to the highly practised task. For
example, if our memory capacity had improved we would expect
that other tasks relying on memory would also be improved. 

The inability to transfer the benefits of training on a specific
task into other related tasks has been demonstrated across a
range of domains from perception to motor control, and suggests
that such brain-training paradigms do not improve functioning
or are useful in a real-world setting. 

Training the Brain Using Video Games
In contrast to other brain-training paradigms, video games are
typically not designed by brain scientists to enhance cognitive
capacities; they are designed by game developers whose primary
objective is to entertain their audience. Yet individuals who
regularly play certain video games perform better on a range
of cognitive tasks than non-gamers. Research suggests that as
little as 10–20 hours of video gaming can improve performance
on tasks of attention, perception or executive control
(http://tinyurl.com/gscweov). While genres such as strategy
games have been shown to have some cognitive benefits, action
games like Call of Duty have been repeatedly demonstrated to
have a particularly strong impact on brain function. 

Well-designed action video games are inherently taxing across
a range of cognitive domains and may represent a transferable
form of brain training. Within an action video game, players
switch between a highly focused state of attention to deal with
transient targets, such as an enemy, to a highly distributed, periph-
eral attention to respond sufficiently to a dynamic and complex
3D environment all while having to make rapid but accurate
decisions. Through extensive practice a player is required to

develop strong perceptual, sensorimotor, attentional and higher
cognitive skills to compete in such an environment.

Action game-playing not only results in improved perfor-
mance within the video game, but is transferred to performance
on cognitive tasks in highly controlled laboratory settings. Indi-
viduals who regularly engage in action video games show enhanced
perception, attention, sensorimotor skills and cognitive speed
and flexibility. They are better at detecting information relevant
to a task, sensing environmental changes, tracking multiple
moving objects, mentally manipulating complex shapes, rapidly
switching attention between tasks or performing multiple tasks
concurrently, and remembering visually presented information.
The idea of action video gamers as “trigger happy” appears
misplaced given research showing that gamers are able to make
perceptual decisions faster than non-gamers while showing the
same level of accuracy (http://tinyurl.com/hlfoaas).

Some studies have even suggested that regular video gaming
can actually alter the activity and the structure of our brains. In
comparison to non-gamers, frequent action video gamers have
shown enhanced activity in brain networks that are crucial to
attention and perception. Brain regions that are important to
processes like spatial navigation, perception and executive func-
tioning have also been shown to be greater in gamers
(http://tinyurl.com/hlfoaas). Playing video games from other
genres such as platform games (e.g. Super Mario) or logic/puzzle
games (e.g. Tetris) have also been associated with greater volumes
in brain regions involved in spatial navigation, executive func-
tioning, perception and memory (http://tinyurl.com/jl3z85j;
http://tinyurl.com/hang2af).

More Work Is Needed
Studying the impact of gaming on the brain is a relatively new
concept, with more questions than answers. The jury is still out
as to whether video games are truly beneficial to brain function,
with some studies unable to show the cognitive benefits found
in the gaming studies above (http://tinyurl.com/h3pdl86).

Furthermore, the majority of the research suggesting that
video gaming is associated with improved brain functioning
has been cross-sectional (see box, p.20). It may well be that
individuals who have good perceptual or attentional skills play
more action video games simply because they are better at them
and subsequently gain more enjoyment from them. This can bias
the results, so more research is required before any firm conclu-
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Well-designed action video games
are inherently taxing across a range
of cognitive domains and may
represent a transferable form of
brain training.



sions may be drawn about the impact of game playing on our
cognitive abilities. 

There is a growing belief that certain forms of video gaming
may have some notable benefits for brain functioning. Should
future research continue to demonstrate these benefits, video
gaming may have a real-world application that has so far eluded
other brain-training paradigms. 

Utilising the Benefits of Video Gaming
A range of video games have been specifically developed that
require interaction within virtual reality environments, whereby
the player can practise real-life skills within the game. These
specialised simulator training games closely mirror reality,
making it easier for players to directly transfer the skills they
acquire within the game to real life, such as in the case of learning
to drive or even to fly an aeroplane. 

Non-specialised commercial video games like Call of Duty
have a less explicit impact than simulator training games that
focus on skill acquisition. The effects of commercial video games
on brain function are instead represented by small improvements
in task performance across various domains like attention or
perception. These small improvements in brain functioning can
be extremely important in certain situations.

For example, video gaming is increasingly used in the training
of young surgeons. Exquisite sensorimotor skills are a neces-
sary component of successfully performing surgical procedures.

Trainee surgeons who have experienced a greater exposure to
off-the-counter video games tend to become more skilful at
performing surgical procedures than those who have had more
limited exposure (http://tinyurl.com/9l8dh23). This is partic-
ularly true for procedures such as laparoscopic surgery, where
fibre-optic instruments are inserted into a patient and manip-
ulated by the surgeon on a video screen. Those with a high
exposure to video games may not only have superior sensori-
motor skills, but also have more experience completing screen-
mediated tasks.  

In certain individuals, engaging with video games may have
an even stronger impact on brain functioning to an extent that
could be therapeutic. Research has began to investigate whether
video gaming could aid the improvement of memory, motor
skills, facial recognition and social integration in children with
autism (http://tinyurl.com/gwg2sbk) or contribute towards
the alleviation of attentional deficits in children with atten-
tion deficit hyperactivity disorder (ADHD) (http://
tinyurl.com/hgjdu4q). 

The therapeutic benefits of video game engagement are not
restricted to children, but have also been proposed as a tool to
attenuate cognitive decline in older adults
(http://tinyurl.com/gscweov). Interestingly, some have even
suggested that video games could even be used to assess cogni-
tive performance in conditions like schizophrenia and aid in its
diagnosis (http://tinyurl.com/hhz3aaz).  

Motivating individuals with disorders like ADHD to regu-
larly attend therapy sessions can be hard work, and it can be
even harder to motivate individuals to really engage with therapy
to the point where they show clear improvements in behaviour
and cognition. Contrastingly, video games are primarily designed
to be a highly enjoyable, recreational activity, so a video game-
based therapy approach may encourage higher levels of engage-

20 | SEPTEMBER 2016

How do we study the
effects of video games?
Much of this data has been collected from studies that use a
cross-sectional design, which involves asking participants how
much time they spend video gaming and then comparing
cognitive test scores between those who report a high level of
video game-playing to those who report low levels. These studies
are useful to make associations between gaming and cognitive
performance, but it is not possible to determine if the differences
are caused by playing video games or by pre-existing differences
between the two groups. For example, it’s possible that those who
regularly play video games may be more likely to play a musical
instrument, and this has contributed towards their superior
sensorimotor skills. 

A growing number of studies have found similar results using
an interventional design. In these studies, participants who have
little or no experience with video games are randomly assigned to
either play an action or non-action video game for a set amount
of time (usually 10–50 hours per week for several weeks or
months). Cognitive tasks are administered before and after the
intervention period. Using this design, experimenters have found
that any changes in cognitive performance are likely to be caused
by playing the video game, and not due to differences in the
abilities of people who play video games often.  



ment than traditional approaches. Should video gaming fulfil
its promise as a therapeutic tool, it may represent an impor-
tant approach towards mental health treatment in the future.

Whether as an augmentation of professional training or a
therapeutic tool, the exciting results that are emerging from
video game research is increasingly attracting empirical and
clinical attention. 

It’s Not all Fun and Games
Concerns have been raised over the impact that regular violent
video games have on affective processing and behaviour, partic-
ularly for young children. Research suggests that regularly playing
violent video games can lead to a desensitisation to violence, more
aggressive behaviour, diminished empathy and a decreased like-
lihood of prosocial behaviour (http://tinyurl.com/gqfapr6).

This is a highly polarised debate, with many conflicting views
as to whether these changes exist or whether they are due to
factors other than the video game (http://tinyurl.com/hxa384j).
It would be inappropriate to promote the therapeutic use of
video games if these concerns proved true, particularly in younger
and more impressionable individuals.

Some have suggested that excessive video game use could be
considered a pathological problem. There are no agreed defi-
nitions as to what would characterise an individual who is
addicted to video games, but generally it’s considered to consist
of excessive use (more than 24 hours per week) at the expense
of social or work-related activities. A study published in Psycho-
logical Science estimated that 8.5% of the 1178 video game
players aged 8–18 years in his study would be classed as addicted
to video gaming, and this was associated with lower grades at
school and attentional problems (http://tinyurl.com/z7qr5nj).

A video game addiction may seem trivial compared with
other mental illnesses or drug addictions, but pathological

gamers are at a marginally higher risk of developing worse dis -
orders such as depression, anxiety or social phobias
(http://tinyurl.com/z6k8erw). More research will certainly be
needed to monitor the severity and prevalence of such dangers
that may occur as a result of excessive video gaming.   

Optimism for the Future of Video Gaming
The phenomenal rise of video gaming has been fascinatingly
unique. Revenue from video game sales has dwarfed that of
box offices worldwide in recent years. Video games are increas-
ingly viewed as an art form that attracts world-famous actors,
directors, artists and composers. Competitive video gaming
involves multimillion-dollar tournaments televised on major
sports networks like ESPN. A number of nations including the
US now allow professional gamers to be classified as athletes,
which is testament to the skill, determination and hard work
involved in professional video gaming – the best of whom have
even attained a celebrity status.

The idea that video gaming could represent a form of mental
exercise that benefits our brain function would add yet another
level to the video gaming boom we are experiencing. Whether
there is an element of truth to this remains to be seen.

Early research has indicated that playing certain genres of
video games can be broadly beneficial across a number of
domains outside of the game itself. This sets video gaming apart
from other forms of brain training in which improvements in
performance have not consistently been transferred outside of
the original training task.

It’s possible that video gaming may be an enjoyable and in-
advertent way in which we fine-tune certain brain functions
to improve academic or work-related performance or provide
some form of therapy in various conditions. But we must also
remain vigilant to the dangers associated with pathological
gaming and the impact of violence within video games. Ambi-
guity shrouds how this form of entertainment will impact our
short- and long-term affective processing and behaviour.

As video gaming becomes ever more ingrained in our society,
the prospect of utilising its popularity is certainly an exciting
avenue for future research. Should we manage to avoid the
risks, video games may radically change the way in which some
mental illnesses are treated or various training procedures are
conducted. We may soon start seeing children being actively
encouraged to engage in video gaming as they would a phys-
ical sport, or doctors recommending video gaming as they would
with a pharmacological medication.

Within the next few years, continued research should provide
some answers as to whether such a dramatic shift in percep-
tion would be appropriate.

Aaron Kandola is a Research Assistant in the Brain & Mental Health Laboratory of Monash
University’s Institute of Cognitive and Clinical Neurosciences.

SEPTEMBER 2016 | | 21

greggsphoto/adobe



L
arge predators are vanishing worldwide due to
their vulnerability to habitat loss, emerging diseases
and persecution. Predators protect biodiversity,
and their loss has been attributed to changes in
vegetation communities and the decline and even

extinction of small wildlife.
Measuring the effects that big predators have on ecosystems

is difficult because they live at large scales. “Natural experi-
ments” – where environmental change occurs in the wild –
offer an opportunity to observe large-scale ecosystem change and
investigate the influence of large predators on ecosystems. 

The unprecedented decline of the Tasmanian devil from a
novel transmissible cancer is providing one such rare natural
experiment. Spread by the transfer of live tumour cells when
devils bite each other, Tasmanian devil facial tumour disease
(DFTD) has spread from its origin in the north-east of Tasmania
in the mid-1990s to most of the island state. Devil populations
suffer immediate and dramatic local decline, to more than 90%,

after 6 years. It’s expected that wild devil populations will
remain suppressed for decades, although evolution of the devil
and the tumour is expected to lead eventually to an endemic
disease and devil recovery.

Apart from the 20th century extinction of the thylacine,
Tasmania retains an almost intact community of mammals,
and mammalian and avian carnivores. This is mainly because
the island was spared the devastating consequences of intro-
duced dingoes and foxes, which were responsible for the large
number of mammal extinctions on mainland Australia. 

Tasmania has also not suffered the extensive clearing of
wildlife habitats observed elsewhere. However, the decline of
Tasmania’s largest mammalian predator, the Tasmanian devil,
is now triggering large-scale and potentially irreversible changes
to this ecosystem.

The common brushtail possum is generally considered to
be an arboreal browing herbivore, but possums will take calcu-
lated risks to descend to the ground to forage, where they are

at risk of predation from terrestrial mammals.
Brushtail possums are a common prey species
of devils,  and they are changing their
behaviour in response to a reduced predation
risk as devils disappear from the landscape. 

In our study, published in Proceedings of the
Royal Society B (www.tinyurl.com/hqvme8d),
we assessed behavioural changes in brushtail
possums using two different methods. The
first involved non-invasive hair traps that use
double-sided sticky tape to collect hair samples
from animals that visit the baited traps. Sites
with higher numbers of positive traps for a
species indicate a higher activity of that species
relative to sites with lower positive trap
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When the devil’s away
the possums will play
TRACEY HOLLINGS & MENNA JONES

Brushtail possums are boldly venturing away from the safety of trees to forage on the ground
as an unprecedented transmissible cancer removes their major predator, the Tasmanian devil.

A brushtail possum foraging in an artificial
food tray in a “safe” location at the base of a
tree it could climb if a predator approached,
recorded on remote motion-activated
cameras. 



numbers. The second was “giving-up densities”, a method that
uses artificial feeding stations to measure an individual’s percep-
tion of predation risk. Differences in the giving-up densities
value, which is measured as the amount of food remaining in
an artificial food patch at the end of the experimental period,
reflect the differences in the risk of predation between the
patches. The more food remaining, the higher the risk of preda-
tion and the less comfortable an animal is spending time foraging
in the patch.

Prey must balance the need to forage with the risk of being
eaten, and therefore finely tune their behaviours to maximise
the first and minimise the latter. A reduced threat of preda-
tion can lead a species to relax, and in some cases lose, partic-
ular anti-predator behaviours because maintaining these costs
energy. 

Behavioural changes of prey are some of the most rapid
responses to changing predator populations. Individuals may
change their behaviour to take greater advantage of resources,
such as foraging further from an area they perceive to be safe to
take advantage of better quality food. This can have flow-on
effects to reproductive success, with higher numbers of healthy
offspring and therefore an increase in population abundance over
time. In the case of brushtail possums, a predominantly arbo-

real herbivore, they may spend greater time on the ground and
forage further from trees they can climb to evade terrestrial
predators. 

To test how the possums are recognising the lessening risk
of predation as devil densities decline, we chose six sites in each
of three regions across Tasmania defined by different lengths
of time since the outbreak of DFTD. This time represents a
proxy for devil population decline and subsequent predation
pressure. The three regions were: 
• the north-east of Tasmania, where the facial tumour disease

originated 12–15 years prior to the study and where devil
numbers are the lowest; 

• the mid-north of Tasmania, where DFTD had been present
for 4–7 years. This represents a declining devil population;
and

• the north-west of Tasmania, where the facial tumour disease
had not yet reached at the time of the study, so devil popu-
lations were at their naturally high density. 
We also put out food patches on Maria Island, where at that

time devils had never been present. 
Each site comprised 10 food patches at least 100 metres

apart. Food patches comprised a pair of specially designed
feeding trays containing 100 sultanas mixed through river
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A healthy female Tasmanian devil.



pebbles. One feeding tray was placed at the base of an “escape
tree” that a possum could climb to evade a terrestrial predator,
with the other feeding tray 5–12 metres from any escape tree
in open ground. The distance to the nearest escape tree measured
the potential “safety” or “riskiness” of the food tray. 

To determine the species responsible for foraging in the
food patch on a particular night, we used motion-activated
cameras, or double-sided adhesive tape placed around the edge
of the container and identified the hair collected. We chose
sultanas as the food type because sultanas are highly tempting
to brushtail possums and they retain their integrity when wet,
so they could be easily identified and counted. 

We deployed the food patches for a total of four nights.
Each morning, if there was evidence of visitation, we counted
the sultanas remaining and restored the food patch with 100
fresh sultanas. There was a lot of time spent counting more
than 100,000 sultanas used in this experiment! 

Our study provided compelling results for changing possum
behaviour and activity patterns. Possums were present in all
areas where devils are found, but the hair traps indicated that
possum activity increased with the increasing number of years
since the DFTD outbreak and subsequent population decline
of devils. These changes in activity can be the result of
behavioural changes or increased abundance – most likely a
combination of both.

The “giving-up densities” results from the food patches tell
us that possums are foraging further and for longer periods of
time from trees that provide refuge from predators in areas
where devil populations have been suppressed the longest. They
also find the food patches faster in areas of low devil densities. 

Possums in the north-west of Tasmania, which was disease-
free at the time of the study and therefore still had high densi-
ties of healthy devils, were reluctant to forage away from the
safety of trees. This method provides us with evidence for
changes in behaviour irrespective of changing population density.

Within 15 years of the sustained decline in devils, possums
have relaxed their behaviours to such an extent that they are now
indistinguishable from possums on Maria Island, where devils
had never been present. The few devils remaining in the land-
scape, when the disease has decimated the population by 90%,
are therefore having a negligible effect on possum behaviour. 

Possums are not losing all of their anti-predator behaviours
though. They still maintain behaviours required to avoid other
predators, including a preference for tree canopy cover that
protects them from birds of prey. 

Ecosystems are comprised of complex interactions between
the different species and the abiotic environment. Behavioural
changes in an ecosystem occur rapidly when the numbers of a
key predator change, either through decline or introduction, and
are a signal of broader changes occurring within the ecosystem. 
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Field site locations in Tasmania, and the length of time that sites
had been diseased at the time of the study. The length of time
since disease outbreak can be used as a proxy for the extent of
devil decline and therefore predation risk from devils. 

The number of hair traps per site in which Tasmanian devil or
brushtail possum hair was recorded in two vegetation types
across the range of DFTD outbreak times in Tasmania. Hair trap
records represent an index of animal activity, and DFTD
outbreak times represent the level of population decline and
therefore predation risk from devils. 
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Disruption to one key species can affect multiple species
and trophic levels. For example, changes in the behaviour of a
herbivore can lead to increased grazing pressure, which impacts
vegetation communities. This can have further flow-on effects
to other herbivores and invertebrates, and even lead to soil
erosion.

We have not yet detected an increase in the abundance of
possums, perhaps because possum numbers are driven strongly
by rainfall and food availability. In agricultural and forestry
areas, significant culling programs in place for grazing and crop
protection also limit possum numbers.

Results from our other studies suggest that more changes are
afoot in the Tasmanian ecosystem. Feral cats are increasing as
devils decline, suggesting that high devil numbers formerly
suppressed their activity and/or populations. Small native
mammals, which are preyed upon by cats, are disappearing and
being replaced by increasing numbers of invasive black rats. Black
rats reproduce much faster and have better invasive predator
recognition than native rodents, so they are better able to survive
high densities of cats. Cats are the primary host forToxoplasma
gondii, a parasitic disease to which some native animals such as
macropods and bandicoots are particularly susceptible. Toxo-
plasma is more prevalent in areas of long-term devil decline where

there are more cats. Feral cats have been implicated in several
Australian mammal extinctions on the mainland, and any increase
could be a disaster for Tasmanian ecosystems.

The loss of large predators worldwide from large parts of
their historic ranges is leading to the simplification of eco -
systems. Complex and unexpected changes are cascading in
ecosystems, affecting seemingly unrelated species. Some of these
effects may be irreversible, such as when the loss of a top predator
causes an increase in invasive middle-sized predators, which in
turn causes the extinction of small mammals and birds. 

Restoration of species such as large predators that have high
influence in structuring ecosystems may be the key to stem-
ming the flow of biodiversity loss.

Tracey Hollings is a Postdoctoral Research Fellow in the Centre of Excellence for Biosecurity
Risk Analysis, School of Biosciences at the University of Melbourne. Menna Jones is an
Associate Professor and Senior Research Fellow in the School of Biological Sciences at the
University of Tasmania.
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A large male Tasmanian devil with advanced facial tumours, the disease that has caused widespread and severe decline across the
devil’s range.

... possums have relaxed their
behaviours to such an extent that
they are now indistinguishable from
possums on Maria Island, where
devils had never been present. 



P
icture Australia during the Late Cretaceous about
70 million years ago, and you may imagine yourself
dodging a dinosaur in a lush Daintree-like jungle.
Perhaps you know the story – Gondwana was
covered in rainforest, and the heathlands and euca-

lypt woodlands came much later when the climate started to dry
out and fires became more frequent. 

However, recent plant fossil discoveries are challenging the
“primeval rainforest” paradigm, revealing the immense anti q-
uity of heathland vegetation. You can now explore heathlands
in Sydney’s Royal National Park or Blue Mountains and on a
spectacular wildflower tour in the  global biodiversity hotspot
of south-western Australia. 

As a palaeobotanist, my job is to study plant fossils to find
out how our continent came to be clothed in such an inter-
esting and beautiful flora. The fossil record can never be
complete, and there are large gaps with few or no useful fossils. 

One such Australian "black hole" for mammals and the leaves
of flowering plants is from about 100–60 million years ago.
This scarcity of fossils is a great shame, because it was during this
interval that Australia began its isolation from Antarctica and
the rest of Gondwana, and much of the distinctive identity of
our biota must have emerged. 

You can’t explore road or river cuttings for leaf fossils in the
gap of 40 million years, because potentially useful surface expo-
sures just don’t exist. Luckily, however, fossils buried deep
underground can be brought to the surface during the search
for minerals or water.

Enter Mike Macphail, one of Australia’s few palyn ologists – an
expert in the identification and dating of microfossils (including
pollen grains and spores, and tiny aquatic animals). Mike’s work
is valuable for resource explorers because he can help them pinpoint
the right places to find what they’re looking for. His work is also
great for palaeobotanists. Give him a microscope slide covered in
thousands of microfossils extracted from a mining core, and he’ll
quickly paint you a picture of a past environment – perhaps a
placid lake surrounded by rainforest with lots of ferns.

So, I went looking through some mining core samples from
near the arid centre of Australia, which Mike had dated at about
70 million years, and found the first useful bits of leaves from the
“black hole”. These were not just any old leaves – some carried the
tell-tale features of the Proteaceae, a plant family that now includes
banksias, grevilleas, macadamias, proteas, waratahs and the like. It’s
a fascinating group to study – species are found in most habitat
types in Australia, and they have a lot say about how the Southern
Hemisphere and its biota were put together.
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AAncient Rainforests 
or Burning Bush?
RAY CARPENTER

New fossil evidence is forcing a rethink of whether rainforest or fire-prone shrubland prevailed
in Australia during the age of the dinosaurs.

Heathland in the Stirling Ranges National Park in south-western Australia:
is this more typical of Australia’s Cretaceous vegetation than rainforest?



The important leaf features I’m talking about are related to
the amazing qualities of plant cuticle. This is a waxy layer that
has evolved to protect the leaf from everything the environ-
ment can throw at it, including ultraviolet radiation, drying
winds and insect attack. The palaeobotanical implications of this
resistant layer are threefold. 
• First, cuticles are tough enough to withstand whatever chem-

ical and physical forces they were subjected to for millions
of years underground. 

• Second, the cuticle carries a fingerprint of its underlying
cells, as well as hairs and glands, rather like what a skin peel
taken from the back of your hand would show. These cells
can have characteristic arrangements that make it possible
to identify the plant from which the cuticle came. 

• Third, certain features, such as the number of stomata (the
cells that regulate gas exchange for photosynthesis), can
provide us with clues about past climates.
I found more and more Proteaceae cuticle types in the core

samples – at least a dozen at last count, and Mike also found at
least 35 different Proteaceae pollen types. 

We weren’t the first to uncover the rich distant past of this
family. Mary Dettmann, a pioneer of Proteaceae pollen research,
described the family as the most successful flowering plant “invader”
of the Mesozoic conifer, cycad and fern-dominated vegetation
that prevailed across Gondwana during much of the dinosaur
era. This Proteaceae “invasion” seemed to be first centred on the
rift zone between Australia and Antarctica, but it spread pretty
rapidly across Australia, and some Proteaceae even reached South
America and South Africa by the end of the Cretaceous. 

The Australo-Antarctic plants were envisaged as belonging
to relatively open woodlands and scrubs on nutrient-poor or
waterlogged soils. However, these ideas were not verifiable
without any leaf fossils, and other scientists have had doubts
related to the limited amount of identifying information that
pollen grains carry. After all, almost all species of Proteaceae
have a basic three-pored, triangular-looking grain, and you need
to be an expert to recognise the more intricate details.

So, back to the leafy bits in the core samples. With serendipity
and lots of hard work, we’d just published a paper showing that
all species of Proteaceae that have stomata on both sides of
their leaves grow in open habitats, such as sandplain heath-
lands, woodlands and sub-alpine thickets. That’s about 700
species, most of which are small- and tough-leaved shrubs. It was
easy to tell that some of the new fossils had the same type of
stomatal distribution because they were preserved as envelopes
of cuticle, with both sides of the leaf intact. The fact that these
leaves were also tiny – only about 1 mm wide – was pretty good
supporting evidence that they’d come from open habitat plants.
They were certainly a long way from the typically large, roundish
leaves that rainforest plants have.
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Franklandia flowers and fine leaves (top), and the Albany
pitcher plant (bottom). Credits: Greg Jordan



But wait, there’s more! We found
lots of fossilised bits of charcoal in
the core, indicating that fire was part
of the Cretaceous landscape. We were
onto something here – there was a
neat fit with what evolutionary biol-
ogists such as Byron Lamont had said
– some groups of Proteaceae that are
now found in burnt, open vegetation
were around a seriously long time ago. 

In fact, the most recent common
ancestor of one of the two largest
subfamilies, Proteoideae, could well
have had adaptations to survive fire in
the Late Cretaceous. In  south-
western Australia the kwongkan (a
Noongar Aboriginal word for sandy
country with low scrubby vegetation)
is now the best place on Earth to see
the richest diversity of this subfamily.
Three genera of Proteoideae are
endemic to the region, while the
smokebushes, woollybushes, cone-
flowers and drumsticks are most
diverse there. Just like the best fossils
we had, most species of these plants
have tiny leaves, and almost all have
stomata on both sides of their leaves.

“Found it!” yelled an excited Greg
Jordan when he stumbled across a
plant of one of our favourite Creta-
ceous candidates near Albany,
Western Australia – a seemingly deli-
cate shrub with curiously lanolin-
scented flowers that belongs to
Franklandia, one of the endemic
genera of Proteoideae. Pollen grains
just like those of Franklandia were
well-represented on Mike’s microscope
slides. 

Several other truly fascinating kwongkan plants from
different families have similar ancestries. A classic is the Albany
pitcher plant (Cephalotus follicularis). This extraordinary plant
is the sole member of a line that also dates to the Cretaceous.
In this case there are no fossils – the evidence comes from its
DNA. This plant and the better-known tropical pitcher plants
(genus Nepenthes) showcase a textbook example of convergent
evolution, where not even closely related organisms have inde-
pendently evolved a way to solve a problem. In this case, the
pitchers are extremely specialised insect traps.

Why did the Proteaceae take off in such a big way in the
Cretaceous? We reckon that early on they hit on a winning
formula to deal with the lack of nutrients in the Australian
landscape, and that part of this formula was the ability to cope
with, and perhaps benefit from, fire and its effects. 

Most gardeners would be familiar with the advice that you
should never apply phosphate-rich fertilisers to Proteaceae
plants. Too much of a good thing will kill them because these
plants have evolved superfine, high-surface area rootlets that
are very adept at extracting scarce nutrients from the poor soils
in which they usually live. 
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Six different 70 million-year-old Proteaceae pollen types. Credit: Mike Macphail

A 70 million-year-old narrow leaf cuticle sleeve, with stomata on both surfaces.



In terms of economics,
there are a few fundamental,
interlinked traits that apply
when nutrients are scarce.
Leafy assets are made small,
tough and unpalatable
because they’re expensive to
produce. But these plants
grow in open areas that are
vulnerable to fire – favourin
more evolutionary invest-
ment in traits such as woody
fruits that don’t open until
exposed to fiery heat, and
underground lignotubers
that can resprout.

Botanists have long been
intrigued by the extreme rich-
ness of the flora of south-
western Australia, and one o
the most knowledgeable is
Steve Hopper. He’s champi-
oned the concept of “old,
climatically buffered, infer-
tile landscapes” (OCBILs),
and he’s proposed that a
reason why kwongkan is so
biologically diverse is because
it hasn’t been inundated by
the sea, or been covered in
fertile soil from a volcano, or
been blanketed by ice. The
climate must have changed
over time, but even in relatively severe times there’s always been
enough rainfall to sustain at least the hardier lineages.

New discoveries will keep adding to the story, but what we
found when we ventured into the fossil “black hole” of the Late
Cretaceous was not jungle but burnt heathlands. We think
that the current fossil evidence shows that rainforest like the Wet
Tropics only became prominent in Australia during the global
“greenhouse” period in the early Tertiary. Across that warm
and wet time the older Proteaceae-rich heathlands persisted in
areas that were too infertile to support rainforest, and one of
these areas is likely to have been in south-western Australia.

Of course, things were still different back in the Cretaceous
– we shouldn’t make the mistake of thinking that today’s
kwongkan landscape is identical. For instance, our fossils show
that there were exotic palms and hoop pines around, as well as
several extinct gymnosperms that probably didn’t make it past
the end-Cretaceous extinction event. Perhaps most intrigu-

ingly there were no eucalypts, which are now the most obvious
plants in burnt open vegetation in Australia.

So, by all means, marvel at the wonders of Australian rain-
forests, but don’t forget the little battlers of the heathy scrub-
lands – they just might have been around even longer. They
certainly deserve our best conservation efforts. And, if you can,
take a deeper look beyond the spring colours on your next wild-
flower tour. You might even spot the ghost of a hungry dinosaur.
Ray Carpenter is a Research Fellow at the University of Tasmania who works with Greg
Jordan, Bob Hill (University of Adelaide) and Mike Macphail on an ARC-funded project
exploring the origins of open vegetation in Australia.
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... what we found when we
ventured into the fossil “black hole”
of the Late Cretaceous was not
jungle but burnt heathlands.

Four fine-leaved Western Australian species of Proteoideae.



W hen we think of little penguins, most of us imagine
cute birds waddling up the beach in their tuxedos.
What we overlook is that penguins are skilled and

tactical hunters in the ocean, foraging sometimes for days at
sea to provide food for their offspring. 

Penguins are perfectly adapted for life in an aquatic envi-
ronment. Spending most of their time at sea, their compact
torpedo-like bodies and strong flippers allow them to travel
effortlessly through the water column in a movement that has
often been described as “underwater flying”. However, these
physical adaptations are not enough on their own, so these
animals must make decisions and develop behavioural strate-
gies to enable them to successfully find and catch prey at sea.

Little penguins are the smallest of all the penguin species.
With a height of approximately 30 cm and weighing in at about
1.2 kg, these feisty little birds are residents of the southern
coastline of Australia and New Zealand. 

During the breeding season, little penguins are restricted in
how far they can travel, so they must hunt at sea close to the
colony in order to return most days to feed their chicks. As a
result of this limitation, these small, flightless birds develop
hunting strategies so that they can successfully find food during
each foraging trip. 

Recently it was discovered that little penguins, like many
other penguin species, hunt in groups when foraging at sea.
Birds tracked using GPS and depth recorders were observed
travelling and diving in synchrony with other penguins. They
spent considerable time, and occasionally the whole time, with
the same individual at sea. 

This research provided new insights into how individuals

hunt in groups at sea. However, it was unknown how prey type
and its abundance influenced group behaviour in little penguins. 

The aim of our study was to find out if group or solitary
hunting strategies were influenced by prey type, and how this
affected foraging success (how much prey an individual caught)
and energy gain (how many calories an individual gained). To
do this, I attached miniature video cameras and a GPS to the
backs of adult breeding little penguins using special waterproof
tape that allowed the attachment of these devices without
injuring the birds. 

I collected data from 21 little penguins from two colonies at
London Bridge and Gabo Island Lighthouse Reserve in south-
eastern Australia. Each study bird wore the tracking devices
for just one day at sea. After they returned, I recaptured them
in their nests and removed the devices. 

The GPS allowed me to track where the birds were foraging,
and the “penguin-cams” gave me information about what prey
they came across and if they were alone or with other penguins.
I identified what the penguins were doing during each second
of the video (e.g. travelling along the surface, or diving and
catching prey), and categorised these behaviours depending on
whether they were with other penguins or foraging by them-
selves. 

I then focused on what prey the birds came across when
hunting, and found that there were distinct differences in
success relating to the types of prey they came across.

I measured the success rate of hunting on a dive-by-dive
basis by counting the number of prey items caught and esti-
mating the number of calories that were consumed during each
dive. For the latter, I obtained the mean calorie value for each
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Miniature video cameras and GPS have given
an underwater bird’s-eye view of the hunting
behaviours of the world’s smallest penguin.



prey species from previous research. These measures are often
used in order to establish how efficient an animal is and how
beneficial certain prey items are in its diet. 

Little penguins were more likely to hunt in groups when
they came across schooling prey such as anchovy, sandy sprat,
white bait and small crustaceans or “krill”. While these are
commonly known prey items for little penguin, they were also
seen eating whole small jellyfish or breaking down larger jelly-
fish using their bill. 

Jellyfish have not previously been recorded as a prey item in
previous studies of the little penguin diet. Their gelatinous
structures most likely results in rapid digestion, and their lack
of hard remains like bones and teeth mean that it may have
been overlooked in previous studies of the little penguin diet. 

Regardless of prey type, little penguins did not seem to gain
any benefits from hunting in groups. In fact, little penguins
not only caught more prey when on their own than when other
penguins were present but they also gained more energy when
foraging alone. On average, when a solitary penguin was hunting
schooling fish it gained 15 kJ more than when hunting with
other penguins.

Penguins gained the most energy when hunting alone among
groups of small schooling bait fish (between 30–40 kJ per dive
compared with 1 kJ for krill). This is because bait fish are energy-
rich, and the lack of other predators would reduce competi-
tion and thus make bait fish easier to catch.

So why do little penguins hunt in groups if they don’t receive
any hunting benefits? The findings of this study suggest a poten-
tial trade-off between an increased chance of finding prey and
hunting success.

Team work usually occurs in species
that live in family groups and assist each
other as a consequence of genetic relat-
edness. Working together provides many
benefits to an individual, both when
hunting small and large prey. For example,
lions work together to bring down larger
prey while marine animals, such as
dolphins, may coordinate their move-
ments to herd many fish into a small area.
Animals have developed these strategies in
order to make prey easier to catch. 

From 295 prey encounters, 45 were in
the presence of other penguins. Penguins
were seen more often in groups when they

were travelling than when hunting. This may provide better
protection to penguins at sea. 

Animals that do not live in family coalitions may also hunt
in groups, although the benefits are less clear. For example,
seabirds use cues in their environment, such as the presence of
other individuals, as an indicator of the presence of food. 

In the case of the little penguins, this may increase their
success of finding prey but, once prey is found, they didn’t seem
to work together to concentrate their prey or assist each other
with their captures.

In addition to group hunting with other penguins, little
penguins used the presence of other seabirds as a cue to find a
meal. Individuals were observed on some occasions at the surface
following other seabirds, such as short-tailed shearwaters, and
subsequently foraging in the same region. Penguins and short-
tailed shearwaters were also seen together underwater feeding
on the same prey patches of bait fish.

Many penguin species spend time in groups at sea, although
it is clear that individual little penguins trade prey capture
success for reduced risk of predation and an increased chance
of finding prey in their environment. 

Studying the behaviour of little penguins is important in
light of the current changing climate. If we can better under-
stand their current predator–predator and predator–prey inter-
actions we might be able to predict their behaviour under
changing environmental conditions, such as loss of certain prey
types, and be able to provide informed management strategies
in the face of a changing climate.

Grace Sutton is a PhD student from Deakin University’s School of Life and Environmental
Sciences.
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Activities observed during the study. 

Top: instrumented penguins.

Centre: group foraging on bait balls.

Bottom: foraging with short-tailed
shearwaters.



Our gut houses a large number of micro organisms
that colonise various part of the gut. The food we
ingest activates these bacteria in different locations
in the gut. 

Complex carbohydrates fermented by these bacteria produce
short chain fatty acids that we use as a source of energy. Some of
the main by-products of this process are certain gases and vapours
of volatile organic compounds. 

The main fermentation gas is carbon dioxide. Hydrogen-
producing bacteria in both the small and large intestines generate
hydrogen (H2), while methanogens found mainly in the large
intestine produce methane (CH4). Other gases produced include
sulfur-containing compounds like hydrogen  sulfide (H2S), which
smells like rotten eggs, methanethiol, which smells like rotten
fruit, and dimethyl  sulfide, which smells like rotting cabbage, as
well as nitrogen oxides (NOx) and diverse volatile organic
compounds.

While we’re acutely aware that an abnormal increase in the
production of intestinal gases causes bloating and flatulence, their
impacts are more significant. Gases and volatile vapours of the
gastrointestinal tract are directly associated with the state of health
and can be used as biomarkers for medical diagnostics. For example: 
• an increase in H2 has been associated with bacterial overgrowth

in the small intestine;
• excessive CH4 in the colon may cause constipation-type irri-

table bowel syndrome and interfere with neurotransmitters
in the gut; and

• H2S can inhibit smooth muscle contractility of the gut, which
also causes a different type of irritable bowel syndrome. 
Considering that more than 15% of the Australian popu-

lation suffers from the symptoms of irritable bowel syndrome
at some stage in their lives, measuring these gases is of great
importance.   

In 2009 a medical academic approached me to develop an
accurate breath analyser for hydrogen and methane measure-
ments for low-cost, point-of-care diagnostics outside the clinical
laboratory. These gases are generated in the gut, absorbed onto the
gut walls and then recirculated to the lung via the blood stream
before eventually being  excreted by respiration. The most impor-
tant conditions that this colleague wanted were reliability and
repeatability of the measurements. 

After some comprehensive investigations, I concluded that
these conditions could not be met for any gas or vapour that is
excreted from the mouth. There were too many interfering and
random processes as gases can also be produced, stored and released
by many organs in the human body at different intervals. I quickly
concluded that to make sensible gas measurements they should be
carried out near the sources of the gases inside the gut. 

The first solution that came to my mind was to design indi-
gestible capsules with incorporated gas sensors. I don’t think that
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it was a smart idea but it was certainly a practical solution. We
have the most advanced laboratory in Australia for simulating all
different mixtures of gases at RMIT. Consequently, testing the
capsules could be a relatively easy task for my group

The next step was to engineer the electronics so that they could
be reduced to fit into a capsule. One of my final year students,
Nam Ha, took the smallest microprocessor on the market and
placed it in sleep mode between measurements to increase the
battery lifetime. Even then we could only use the smallest two to
four small silver oxide button batteries. 

The signals were coded so that many capsules could be used
simultaneously with no interference from outside sources. The
commercial 433 MHz band was used, and we designed the
antennae to assure signal reception even at tens of metres distance
from the capsules. We incorporated three gas sensors plus a temper-
ature sensor.  

The other challenge was to make a membrane for the cladding
of the capsule, which needed to be almost transparent to gases of
the gut but could also completely block the penetration of the
gut liquor. My PhD student at the time, now Dr Kyle Berean,
successfully achieved this task. 

The science behind this happened to be fantastic, as we created
membranes with nano-sized cavities that allowed the gas molecules
to remain in the dissolution regime. This meant that they remained
dissolved on membrane surfaces and released into the nano-
cavities to gain fast kinetics and an extraordinary permeation rate
from one side to another. 

My colleague, Dr Jian Ou, also developed gas sensors that were
selective to each target gas and could operate in both the aerobic
environments of the stomach and first part of the small intestine,
and the anaerobic environments in the distal small intestine and
colon. We invented gas sensors based on physical absorption of
gas molecules that negated the need for oxygen for their sensing.
There are currently three sensors in the capsule and we hope to
increase them to eight in the final design. 

We finally fabricated the capsules, and changed the designs
several times until we had the right sensors, membranes and asso-
ciated electronic circuits, transmitter/receiver units, antennae
and power supply for the human gas sensor capsule base. Nam
also made a fantastic and user-friendly hand-held monitor and
an app for smartphones. 

The next step was testing the capsules. A National Health and
Medical Research Council grant covered the cost this time. The
development and presence of capsules were exciting enough to
persuade gastroenterologist Prof Peter Gibson, nutritionist Dr
Jane Muir and  microbiologist Dr Chris McSweeney to join our
team, while Prof Frank Dunshea’s group at The University of
Melbourne supported us for the critical animal trials. These tests
were invaluable as they allowed us to fine-tune the electronics
and transmission systems. 

After these tests we were able to design capsules that showed
no gut retention (after adjusting the morphology and weight),
were 100% reliable in gas measurements and their data trans-
mission (after adjusting the output amplifiers, antennae and signal
coding) and could also reach a lifetime that exceeded the time it
takes for the capsule to leave the body.

We tested the pigs on low and high fibre diets, some medica-
tions, heat stress and in different conditions. We found that the
diet and environmental effects on gases were beyond our imagi-
nation. The signals obtained from the gas sensors were very consis-
tent with the diet and/or external conditions. For instance, the
effect of heat on gas production was extraordinary, changing the
gas ratios by orders of magnitude.

Accessibility to such large and reliable signals has significant
consequences. For the first time, people will have access to a tool
that presents the effect of diet on their body. This tool can also
reveal some of the significant changes that occur inside the body
even there is any apparent outside reaction.

Now we have a non-invasive tool that can be used for the diag-
nostics of gastrointestinal tract disorders. This tool can also reveal
the effects of diet and environment on individuals.

All of these outcomes are significant. On average more than 20%
of the world’s population will suffer from gut disorders at some
stage of their live, but there is currently no reliable diagnostic tool
for these illnesses. Our human gas capsule can give information
about the most suitable diet and environmental conditions for
each individual. Eventually it will provide an image as to how
medicine, diet and environment can affect your gut and conse-
quently your body.

We have received ethical clearance for human trials, and are now
conducting crucial tests to delve into the exciting observations of
gas profiles in humans. We will gain much more information
from these experiments as humans can talk to us – unlike pigs!

We have already received a large number of enquiries from
some significant companies. Many are keen to partner with us,
which perhaps means that the human gas capsule will be one of
the largest opportunities for Australian industry in years.

We hope that the human gas capsule goes to market sooner
rather than later. This is a disruptive technology that will change
the food and diagnostic industry as we know it, and also impact
on the field of gastroenterology forever.
Kourosh Kalantar-Zadeh is Professor of Engineering at RMIT University.
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Our human gas capsule can give
information about the most suitable diet
and environmental conditions for each
individual. Eventually it will provide an
image as to how medicine, diet and
environment can affect your gut.



T
he human population is expected to reach nine
billion by the year 2050, and will strain global
resources. Modern plant breeding and a switch
to monoculture cropping has greatly improved
yield and quality, but a lack of genetic variation

has left crops more vulnerable to new diseases and climate change. 
Fortunately, diverse landraces selected and grown by farmers

prior to modern breeding are preserved in seed banks around
the world. These seed could be the key to rediscovering lost diver-
sity that could ensure a stable food supply for years to come. 

Genetic Diversity Improves Wheat Production
Over the past 100 years, plant breeders in Australia have
increased wheat yield on farms from 0.5 t/ha to approximately
2 t/ha. During a period referred to as the “Green Revolution”
in the 1940s–60s, plant breeders achieved large gains in yield
by selecting wheat varieties that were shorter. It wasn’t rocket
science, but rather a simple strategy that enabled plants to
produce more grain without falling over. This feature matched
well with large-scale agricultural systems that use irrigation,
fertiliser, pesticides and machinery. 

Since this major advance in productivity, the rate of gain
for farm yield has slowed to just 1% per year. This estimate
includes gains from both breeding and improved management
practices. It’s clear that wheat yield around the world is begin-
ning to plateau. 

Traditionally, farmers were the ones who selected crop vari-
eties. They simply retained seed from the most productive
plants to sow during the next season. These varieties, known as
landraces, were adapted to the local conditions because they
were the product of a combination of natural and artificial
selection in a specific environment. 

However, unlike modern varieties, landraces were devel-
oped under a lower selection pressure. Therefore they collec-
tively contain higher levels of genetic diversity. Immense genetic
diversity in landraces has been reported for many crops, including
wheat, maize, sorghum, barley, rice and oats. Thus, landraces
represent a valuable source of genetic variation for resistance to
pests and diseases, and also for tolerance to environmental
stresses such as heat or drought.

Seeds Preserved for Future Generations
Born in 1887, Nikolay Vavilov was a renowned Russian
botanist and geneticist who was best known for his theory
relating to “the centres of origin of cultivated plants”. He
devoted his life to the study and improvement of wheat, corn
and other cereal crops that sustain the global population. 

Inspired by his idol, Charles Darwin, he travelled the world
in the early 1900s, collecting more seeds, tubers and fruits than
any person in history. The collections, including many wheat
landraces, were stored in a seed bank in Leningrad, now known
as the N. I. Vavilov Institute of Plant Genetic Resources in St
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Petersburg, Russia. This unique seed collection represents a
snapshot of ancient wheats grown around the world prior to
modern breeding. 

During World War II, the “Siege of Leningrad” lasted 
28 months. The German army surrounded the city, resulting
in extreme famine in the region. More than 1.5 million people
lost their lives. In the middle of all this was the seed bank
containing 250,000 samples of seeds, tubers and fruits. Despite
widespread famine, a group of scientists at the Vavilov Insti-
tute took shifts protecting them. They refused to eat the seeds,
and  nine of them died of starvation by the end of the siege in
1944.

The seed bank was saved, but Vavilov himself faced an ironic
fate. On 6 August 1940 he was arrested for criticising the non-
Mendelian concepts of Soviet biologist Trofim Lysenko, who
had the support of Joseph Stalin. Vavilov was sentenced to
death in July 1941, but in 1942 his sentence was reduced to
20 years imprisonment. Despite this, he died of starvation in
prison in 1943. 

Opening Vavilov’s Treasure Chest of Diversity
Following in the footsteps of the Russian scientist, my PhD
student Adnan Riaz performed the world’s first genetic anal-
ysis of Vavilov’s wheat seeds. A total of 295 diverse wheats
collected from around the world were examined using 34,000
DNA markers. The genomic analysis, which has been published
in the journal Genetic Resources and Crop Evolution
(http://tinyurl.com/hdd2mjt), revealed a massive array of genes
that are absent in modern Australian wheat cultivars. These
ancient genes could offer valuable sources of disease resistance
or drought tolerance.

We are offering the research community open access to this
resource, including the pure seed of the ancient wheats and
DNA marker information. We hope this will empower scien-

tists and wheat breeders to rediscover genetic diversity lying
dormant in our seed banks. 

Our next step is to determine which landraces are useful for
particular traits and to discover new genes for disease resistance
hidden in the Vavilov treasures. At the moment we are focusing
on some of the most important diseases of Australian wheat
crops, such as yellow spot and rust pathogens.

Yellow spot disease currently results in the highest yield losses
in Australia, causing a very serious threat to the wheat industry.
Yellow spot is a stubble-borne leaf disease, and thus wheat-on-
wheat crop rotations and zero or minimal tillage farming practices
are contributing to the build-up of inoculum in farmer’s fields.

On the other hand, rust diseases of wheat, such as stripe,
leaf and stem rust, are airborne pathogens and can occur
throughout most wheat-growing regions in Australia. They
have the ability to mutate and render resistance genes in wheat
ineffective, so wheat breeders require a constant supply of new
genes to combat these rapidly evolving pathogens. Our prelim-
inary assessment of the Vavilov wheat collection has identified
a number of landraces that display resistance to both yellow
spot and rust diseases. 

Over the past 8 years at The University of Queensland, my
colleagues and I have refined a system called “speed breeding”
that uses controlled environment glasshouses fitted with lights
to accelerate plant development. This technique allows up to
six plant generations of wheat per year – compared with just one
in the field during the main growing season. We intend to use
speed breeding to rapidly transfer the new resistance genes into
modern wheat cultivars currently grown by Australian farmers.
This will help boost the number of effective resistance genes we
have at our disposal to combat rapidly evolving pathogens that
threaten wheat production.

Lee Hickey is a crop geneticist at the Queensland Alliance for Agriculture and Food
Innovation, The University of Queensland. 
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Wheat infected by (left) stem rust and (centre) stripe rust. (Right) Vavilov landraces growing in a rust-screening nursery.



A recent Academy of Science project found strong consensus
for “a future Australia that is more caring, community-focused
and fair than present-day Australia”. That would be a truly
lucky country, a wonderful legacy to future generations.

Donald Horne described Australia in 1964 as “a lucky
country run mainly by second-rate people who share its luck”.
The phrase “the lucky country” quickly became part of the
language, though its message was often misrepresented by people
who had not even read the book, or who had certainly not
grasped its ironic meaning.

Horne’s 1964 book sounded three loud warnings about
Australia’s future: the challenge of our geographical position,
the need for “a revolution in economic priorities” and the need
for a discussion of what sort of country we wanted to become.
Those warnings are even more urgent today after 50 years of
inaction by our second-rate leaders. An additional complication
is the accumulating evidence that we are not living sustainably.

The need for change was underlined by a 2015 United
Nations report on sustainability. Australia ranks 18th among
the 34 OECD countries – below the UK, New Zealand and
Canada – based on 34 indicators covering economic, social
and environmental progress. We are among the worst of the
affluent countries for indicators such as our resource use, waste
production, greenhouse gases released per unit of economic
output and our obesity rate. We are also well below average on
social indicators such as the level of education we reach, the
gender pay difference and percentage of women in parliament,
as well as economic indicators such as the poverty rate and the
degree of inequality. 

Interestingly, the top four countries ranked according to
progress toward sustainability were the Scandinavian nations
of Norway, Sweden, Denmark and Finland. The USA ranked
29th. It’s a reminder that only ideologues with no concern for
evidence could still be seeing the USA as a model to which we
should aspire, rather than the much more successful Scandi-
navian approach.  

The challenges of where we are on the map include:
• developing relationships with our Asian neighbours, moving

beyond simple economic dealings; 
• reconciling our history of dispossessing the original

Australians; and 
• developing our foreign policy and defence strategies in the

complex world of the Asia-Pacific. 
Our education system still has a strong bias toward our Euro-

pean past, with few young people studying any Asian language
and even fewer having any real understanding of the complex

social history of China, Japan, Indonesia or India. Most of our
leaders know something about the complex history of Europe
and the essential differences between France and Germany,
between Spain and Italy, between the Scandinavian countries
and those further south. By contrast, general assertions are still
made about the region we live in from a position of ignorance.
Only one of our recent leaders has been capable of holding a
serious conversation in an Asian language. 

Our defence policy consists of slavishly following the USA
into whatever ill-judged military venture it embarks on, without
serious consideration of the way our neighbours will see that
approach. It remains true, as Horne said 50 years ago, that we
see the region simply as an economic machine from which we
can make money. The only thing that has changed is that we
are now more likely to be selling our resources to China than
to Japan, and more likely to be buying the products we aren’t
clever enough to make from China or Korea than from Japan.

Horne called for a revolution in economic priorities, moving
away from being “a stupid country” that exported minerals and
farm produce, and instead “investing in education and science”
so that we would be better equipped for the world of the 21st
century. Instead we have further run down our manufacturing
base, mainly by opening up our markets to cheaper imports.
In 1964 we made TV and radio equipment, cars and light
aircraft, clothing and footwear; today even our shirts and sand-
shoes come from overseas. 

We have failed to invest in science and education to become
competitive in the emerging industries of the 21st century. We
only graduate about 6000 engineers each year, when our industry
employs about three times that many. CSIRO has been steadily
run down, and recent changes seem aimed at turning it into a
second-rate consulting organisation rather than a model of
public-sector applied science for the public good. 

The Gonski reforms would go some way to redress our failure
to invest in the education of our young people, but the Coali-
tion’s political agenda looks like reinforcing the past trend of
slipping further behind other countries in the region. The best
possible investment in our future is educating all our young
people to the limit of their ability rather than the limit of their
parents’ income or political clout. 

Australia has changed fundamentally from the Anglo-Celtic
enclave of the 1950s. We need to have a serious public discus-
sion about societal values, population growth and what kind of
country we’d like to become, including our relationship with
the British monarchy. As one extreme example of the issues
we should be discussing, politicians almost all believe that it is
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good to have a rate of population growth higher than any other
advanced country, ignoring the evidence of the social costs of
this approach. Urban infrastructure is failing to keep pace with
the unsustainable rate of population growth, which is also
causing social tensions. A few sectors benefit from population
growth – retail, housing, land speculation – but there is little
evidence the community as whole is better off. 

Our governments claim to be in control of our borders
because they prevent relatively small numbers arriving by boat,
while ignoring the impacts of 250,000 or more arriving on
scheduled flights, or even cheekily claiming it to be evidence
of their superior approach to economic development. Of course,
the huge level of migration creates jobs, but is also brings in a
proportionate number of people looking for those jobs. We
should be looking at the whole picture. 

Horne’s three warnings must now all be filtered through
the lens of our precarious environmental situation. The extreme
weather patterns that come with climate change, the loss of
biodiversity, the breakdown of the Earth’s ecosystems and our
unsustainable use of finite resources all affect our future
prospects. Four national reports on the state of the environ-
ment, stretching back 20 years, have warned that we need to deal

with serious problems: the state of our inland rivers, the degra-
dation of productive rural land, the pressures on the coastal
zone, the loss of our unique biodiversity, and rapidly increasing
greenhouse gas emissions. 

I was reminded of the seriousness of human impacts on the
inland river systems when I saw recently that there was a 400 km
stretch of the Murray affected by toxic blue-green algae while
an 800 km stretch of the Darling River was almost dry. We
also now know that the Great Barrier Reef is in serious trouble,
with UNESCO poised to tell the world that we are not prop-
erly managing this unique natural wonder. 

It is still possible for us to live sustainably and make Australia
both a model for the developed world and a beacon of hope
for the developing nations in our region. That will require
conscious policy choices involving the community rather than
the present obsession with markets, the mindless pursuit of
endless growth, and integration into a globalised economy that
puts our well-being in other hands. 

In that sense, our future is in our hands. Our actions will
determine whether we really become a lucky country.

Ian Lowe is author of The Lucky Country? Reinventing Australia (University of Queensland
Press, 2016) and Emeritus Professor of science, technology and society at Griffith University.
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Academic intelligence is socially distributed, spread throughout
the minds of academics of all nations, races and ages. Yet the
dissemination of knowledge generated by academics is entrusted
to a powerful few – the editors and editorial boards of academic
journals. 

The current publishing system places a considerable amount
of power in the hands of editors, many of whom have presided
over their journals for so long that they have developed, in
effect, a monopoly over ideas in their field of expertise. In
accepting or rejecting manuscripts submitted to their journals,
these editorial autocrats act as gatekeepers that decide which
ideas will be shared and which will be shunned.

Some academic journals do not allow authors to question and
appeal the rejection of their manuscripts by editors and peer
reviewers. Some editors will even reject manuscripts without
consulting peer reviewers. 

These practices encouraged me to undertake an
experiment that sought to:
• democratise authorship by inviting

a large number of authors to
compose and submit a paper for
publication in an academic journal;
and

• democratise publishing by encouraging
the authors and readers of a particular
journal to elect its editor and constitute its
policies. 
I began by emailing invitations to academics

from all over the world, encouraging them to come
together to crowd-author a manuscript. One hundred academics
accepted this invitation, and the manuscript we crowd-authored
was submitted to three journals. The manuscript lay at the
intersection of education and technology, and the journals to
which it was submitted have an explicit interest in this domain.

However, the three journals rejected the paper without
sending it out for review. They informed me of this rejection
using a standardised email that offered almost no customised
feedback outlining the specific reasons for rejection. When I
emailed the editors of the journals to ask them for such feed-
back, they ignored my request.

I then submitted the manuscript to a fourth journal. A few
months later the editor of this journal emailed me to explain
that the journal was rejecting the manuscript based on the
recommendations of four peer reviewers. 

While two of these peer reviewers had recommended accep-
tance of the manuscript with minor corrections, the third and

fourth peer reviewers recommended rejection. The third peer
reviewer felt that the manuscript failed to make any substan-
tial contribution to knowledge. The fourth peer reviewer was
concerned about the technical and administrative complexity
that the journal would have to face as a result of the large number
of authors. S/he was likewise concerned about the hierarchical
structure of scholarship, complaining that many “senior”
academics were missing from the list of authors. 

The editor followed the recommendations to reject our
manuscript, and asked me not to share the peer reviewers’ feed-
back even if the journal and peer-reviewers remained
anonymous. What gives a journal this right?

Indeed, how are a
journal’s editorial policies formu-

lated, and should authors and readers be able
to participate in the constitution of these policies?

Journal policies are not the property of editors; they are
common goods. Hence there is a need for an approach in which
authors and readers of any journal contribute to the constitu-
tion of its policies, and by doing so every author or reader has
a sense of joint ownership of the journal’s policies. 

I forwarded the peer reviewers’ comments to the crowd-
authors and asked them to share their critical thoughts as I
planned to compile and send them to the journal. Although
some crowd-authors did not support the idea of sending any
feedback on the peer reviewers’ comments because they were
concerned about future consequences for their reputation, the
decision was eventually made to submit a letter of feedback to
the editor that detailed how some crowd-authors perceived the
reviewers’ comments. 

A few weeks after receiving this feedback letter, the editor
responded. Some crowd-authors were delighted by this, as if
the editor had done them a favour by responding to their
concerns. Isn’t it the editor’s responsibility to address such
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Can Journal Publishing Be Democratised?
An experiment in academic publishing has tested journal practices and questioned whether
the autocratic power of editorial boards needs to be returned to researchers. 



complaints and justify decisions made about manuscripts
accepted or rejected? 

Generally speaking, editors appear to be unresponsive to
authors’ concerns. While they may point out that the large
number of submissions they receive makes it difficult for them
to reply to every single author, it could also be argued that more
submissions requires the employment of more editors. However,
the commercial reality is that if there are more submissions,
every single submission will be given less attention and taken
less seriously – leading to standardised rejection letters. 

This brings us to the question of how a journal can straddle
the competing demands of commercial profitability while
adequately fulfilling its altruistic role of evaluating and dissem-

inating new knowledge.
If academic journals are ultimately concerned with what

sells and how to maximise profits, it does not make sense
to elect a chief executive – in this case, the editor. Instead,
the owner of the organisation would do better to employ
whoever brings more profit for the organisation – in

this case, whoever attracts better articles to the journal
and increases its impact factor. 

Alternatively, if academic journals are more like
non-profit organisations acting for a particular

cause – in this case knowledge dissemination – then
its editors and editorial boards should be democratically

elected to ensure that the journal makes editorial decisions
based on a broad base of expertise. 

Having now completed this 2-year experiment in crowd-
authoring (http://goo.gl/ZTWWFp), which developed a mech-
anism for finding a crowd of scholars, analysing their input and
conceptualising software to automate the process of crowd-
authoring, I suggest four ideas that would help democratise
academic publishing:
• the editor of a journal should be elected by its readers, authors

and other stakeholders;
• the authors and readers of a journal should be granted the

right to participate in the constitution of its policies;
• for each journal there should be a public web-based forum

where authors and readers express concerns and negotiate
interests with editors; and

• a public web-based discussion board should be created that
acts as a permanent and official communication channel
between the authors of each article and its readers.
Given the connected nature of the modern world, the widely

distributed status of academic intelligence and the increasing
value of collective and democratic participation, large-scale
multi-authored publications are the way forward for academia
in the 21st century.

Abdulrahman Al Lily is an Assistant Professor in the Department of Educational Technologies
at King Faisal University.
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Peer Review Initiative Encourages
Authors to Share their Science
Renowned microbiologist Louis Pasteur famously declared
that “knowledge belongs to humanity, and is the torch that
illuminates the world”. It is perhaps ironic, then, that the
fruits of scientific research often remain in the dark. While
science should be an open and transparent process,
particularly in the information age where sharing processes
are simple and efficient, this is often not the case.

A new paper featuring authors from several
international universities, including Mr Daniel Newman of
the Monash Institute of Cognitive and Clinical
Neurosciences, has proposed an initiative to encourage
scientists to share their data, analysis scripts and materials
freely with their peers. The Peer Reviewers’ Openness
Initiative (PRO; https://opennessinitiative.org) aims to
incentivise the sharing of data through the collective action
of peer reviewers. Under the PRO, peer reviewers who
have signed the declaration will only review authors who
have shared their content or provided an acceptable
reason for restricting access to their work.

Sharing in science has always been plagued by
commercial and time-related concerns, from the secret,
coded notebooks of Leonardo da Vinci to Sir Isaac
Newton’s accusations of “stolen” calculus research.
However, Newman said the concerns around open science
are far outweighed by the benefits. Some researchers are
deterred by the perceived time burden of sharing and its
impact on publishing potential.

“It can feel like a burden at first, but there are many
online tools to help with open science. Once I became
familiar with these practices, these skills are simple to
implement as a usual part of my analysis pipeline,”
Newman said.

“I’m excited to get on board with this open science
movement as much as possible early in my career. My most
recently submitted paper will be fully accessible, including
all related raw data, analysis scripts and paradigm code
open source, so my results are reproducible,” he added.

Lead researcher Dr Richard D. Morey of Cardiff
University said the key to enacting genuine change in
current sharing practices is the collective action of
reviewers. “Although many researchers are excited about
creating a more open scientific culture, evaluation of
openness has not traditionally been part of the peer-review
process,” Morey said. “The Initiative is all about telling
reviewers: ‘Yes, we can do this.’”

Reviewers who agree are encouraged to add their
names to the PRO website. “The signatures are an
important part of the Initiative, so that reviewers know
they aren’t acting alone.”

Morey and Newman are pleased with the scientific
community’s enthusiastic response to the PRO initiative,
which has already received more than 300 peer reviewer
signatures.

The PRO paper has been published in the Royal Society
Open Science journal.

Source: Monash University
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Given that driverless cars are less than a decade away, we need
to work out, as a society, how we program such systems. Unlike
the past, where if you survived an accident you could be
brought in front of the courts if you drove irresponsibly, we
will have to program computers with behaviours in advance
that determine how they react in such situations.

I would, however, caution the results that can be taken away
from studies like these undertaken on Amazon Turk, where
participants are not themselves under any danger and had plenty
of time to decide what the system should do. This may not
reflect how we would, as drivers of cars, act in such moments
of crisis.

Nevertheless, it is good to see such work, for the uptake of
driverless cars will have a profound benefit on society, reducing
road deaths greatly, and liberating many groups like the elderly
and the disabled who are currently denied personal mobility.

Prof Toby Walsh is the Research Leader of the Optimisation Research Group at NICTA.

The study sheds some light on the state of public sentiment
on this ethical issue. It shows that aligning moral AI driving
algorithms with human values is a major challenge – there is no
easy answer!

What I found interesting in this research is that participants
were reluctant to accept government regulations of utilitarian
autonomous vehicles (AV). In fact, the surveys showed that partic-
ipants would be less likely to consider purchasing an AV with
such regulation than without. This to me is even a bigger challenge: 
1. deciding whether governments should regulate algorithms;

and 
2. what tests and procedures should be put in place to ensure

that the algorithms are compliant? 
After all, these are very rare events, and such instances are not

routine. Therefore, lacking a large set of examples, they are rela-
tively resistant to training or programming.

We also need to recognise that mobility and travel (whether
by car, train, bus, aircraft etc.) are inherently risky, and can
never be safe. We take calculated risks every time we travel. 

With AVs, however, there seems to be some hyped expec-
tations that they should be perfectly safe. They won’t be, and
I believe the situation is not as complicated. 

For example, plenty of ethical decisions are already being
made in automotive engineering today. Inherent in airbags, for
example, is the assumption that they are going to save a substan-
tial number of lives, and only kill a few.

Some people have even gone further to suggest that, given

the number of fatal traffic accidents involving human error
today, it could be considered unethical to introduce self-driving
technology too slowly.

The biggest ethical question then becomes: how quickly
should we move towards full automation given that we have a
technology that potentially could save a lot of people, but is
going to be imperfect and is going to kill a few? Should they be
allowed on our roads, even if they make such mistakes?

It is difficult to speculate what this would mean for Australia,
because the results are based on surveys of US residents. I suspect
that the public sentiment would be similar though. 

We do need to engage with the public on this. I feel there is
a leadership vacuum in this public policy space in Australia,
and we need better engagement with the community to clarify
the issues, concerns and expectations, and lead in informing
and shaping the future policies in this space.

Hussein Dia is an Associate Professor in Transport Engineering at the Swinburne University
of Technology.

There is a built-in trigger that we fear the unknown and don’t
trust science whatever the expert opinion and scientific studies.
This is one of the reasons when the Docklands Light Railway
system was introduced in 1987, autonomous safety fears
meant each train had a safety operator. Driverless trains already
operate in many cities and can be seen in most international
airports connecting us between terminals.  We already
have autonomous pizza delivery systems.

Autonomous vehicles will reach a tipping point where the
advancement in science, the economic arguments and tech-
nology get to a point of incremental change and human
consciousness “that it is going to happen” and “will happen”.
First of all we will see a series of small steps. Watch out for uber
autonomous taxis in Pittsburgh or autonomous ships or
autonomous cargo planes.

We always fear the future, but without science and advance-
ment we would still be in the cave and the wheel would not
have been invented.

A/Prof Ian Yeoman is MTM Director of the School of Management at Victoria University of
Wellington.
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Who to Kill? An Ethical Dilemma for Driverless Cars
A study published in Science has found that people generally approve of autonomous cars that
have been programmed to sacrifice their passengers if it will save others, yet these same
people aren’t keen to ride in such “utilitarian” vehicles themselves. See http://tinyurl.com/hvs38za

... how quickly should we move towards full
automation given that we have a technology
that potentially could save a lot of people,
but is going to be imperfect and is going to
kill a few?



Psychologists have long recognised the challenges inherent in
treating children who have experienced trauma during child-
hood, especially where this has been repeated in occurrence,
extended in duration, or severe in impact. The effects of such
early experience include a range of emotional, behavioural and
cognitive symptoms, presumed to result at least in part to
trauma-induced changes in the developing brain. A new study
has identified specific brain mechanisms that are affected by
early trauma and associated with successful adaptation and
vulnerability to mood and anxiety problems.
The term “complex trauma” is commonly employed to refer

to the experience of distressing adverse events, such as phys-
ical, sexual or psychological abuse, emotional neglect or aban-
donment, or exposure to violence at home or in the community.
These events are often interpersonal in nature, may be frequent
or continual, and can give rise to diverse consequences ranging
from specifically trauma-related symptomatology (traumatic
stress disorders) to behavioural disturbances (oppositional and
antisocial behaviours), emotional problems (impulsivity, suici-
dality), educational difficulties, and broader interpersonal and
personality problems.
It is well established that a key factor in child development

is the quality of the relationship between the child and the
primary caregiver in the first year of life. This is conceptualised
as “attachment”, which refers to the pattern of interaction
between the infant and primary caregiver.
Where a caregiver is attuned to the behaviour of the infant,

and is able to identify andmodulate the infant’s level of arousal
and emotional states, the relationship is said to represent “secure
attachment”.However, when infants experience inadequate or
inconsistent responses from the caregiver, the initial reaction
includes signs of elevated arousal, such as crying and screaming.
If this proves ineffective, the child is likely to disengage from
external stimuli.
This response, termed “dissociation” is thought to result

from the parasympathetic nervous system initiating a survival
response in order to combat the increased physiological arousal
arising from the sympathetic nervous system. In the presence
of repeated or prolonged adverse interactions, this dissociative
response may become habitual.
While previous research has supported the assumption that

the long-term effects of adverse early experiences in early child-
hood are due to changes in the developing brain, with the limbic
region and cortical areas of the right hemisphere especially
implicated, the neuralmechanisms involved remain little under-
stood.

In the study recently published in Biological Psychiatry:
Cognitive Neuroscience and Neuroimaging, researchers from the
University of Wisconsin examined associations between child-
hood adversity and mood in 132 participants followed from
infancy to18yearsof age. Indicatorsof adversity includedmaternal
depression, negative parenting, parental conflict, maternal role
overload andfinancial stress in the family.At thefinal assessment,
the 18-year-old participants underwent functionalMRI analysis
while completing an emotion-processing task using pictures that
evoked positive, negative or neutral emotions. The MRI exam-
inedactivationand functional connectivity in theprefrontal–amyg-
dala and prefrontal–hippocampal pathways.
Consistentwithprevious research, adverse experiences during

childhood were associated with both amygdala reactivity and
prefrontal–hippocampus connectivitywhenparticipants viewed
negative emotional images. This effect was not found when the
adversitywas experiencedduring the adolescent years, highlighting
the importance of early childhood for the development of the
neural mechanisms underlying coping with adversity.
However, examination of the responses of those with and

without mood and anxiety symptoms produced a particularly
interesting result.Early adversitywasonly associatedwith increased
connectivity between prefrontal regions and the amygdala when
negative stimuliwerepresented to adolescentswhodidn’t present
with significantmood or anxiety symptoms.
Thismay indicate that childrenwho successfully adapt to early

adverse experienceshavedevelopedenhancedconnectionsbetween
the prefrontal and subcortical regions devoted to dealing with
negative emotional stimuli. Conversely, reduced connectivity
between these regionsmaybe amarker of vulnerability formood
and anxiety disorders by the age of 18 years.
The study’s implication is that itmaybepossible to identify the

neurobiological mechanisms that both facilitates the successful
adaptation to adversity that some adolescents demonstrate and
predicts the presence of mood and anxiety problems in others.
The development and integrity of this system is presumed to be
affected by the severity of the traumatic experiences, moderated
by other individual, family and environmental factors.
These findings increase our understanding of the effects of

traumaon the developing brain. It is hoped that such studieswill
enable thedevelopmentofnew interventions that, bybeingbetter
informedbyanunderstandingofneurobiology and sensitive to the
developmental stage, may be more effective at ameliorating the
effects of early trauma.
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A/Prof Tim Hannan is Head of the School of Psychology at Charles Sturt University, and the
Past President of the Australian Psychological Society.

Childhood Trauma and the Developing Brain
A new study has identified the neurological basis for why some adolescents who have
experienced childhood trauma are resilient while others are prone to mood disorders. 



42 | SEPTEMBER 2016

THE FIT Tim Olds

I have written before about the Obesity Paradox – the finding
that overweight adults are more likely to get diseases such as
diabetes yet are less likely to die from them. In fact, over-
weight people appear to live longer. Now three recent studies
have cast new darkness on the Obesity Paradox. 

But before we deal with these studies, let’s review what
we already know. The relationship between fatness (usually
measured by Body Mass Index, or BMI, which is your weight
in kilograms divided by your height in metres squared) and
your risk of dying from anything at a given age is U-shaped.
People who are very thin or very fat are more likely to shuffle
off the mortal coil. 

The issue is where the bottom of the U occurs. Tradi-
tionally it was thought to fall  in the “normal weight” range
(a BMI of 20–25). Recent analyses suggest it falls in the
middle of the “overweight” range (BMI 25–30). This is a
difference of about 10 kg for an average male, so we’re talking
about quite a bit of lead in the saddlebags.

Now there have been three theories to explain the Obesity
Paradox. The first is the Healthy Survivor Theory. To under-
stand this theory you need to know how these epidemiolog-
ical studies are done. Researchers get a group of people,
measure their fatness and follow them until they die. Typi-
cally, researchers start following people in their 50s or 60s. 

But what if the unhealthy fat people had already died
before the study started? Then the study would start with
only healthy fat people and a mix of healthy and unhealthy
lean people, so it wouldn’t be surprising to see the fat people
last longer.

A second theory is the Differential Medical Care Theory.
This theory argues that fat people get better medical care. A
fat person who walks into a GP’s office with high blood pres-
sure is likely to walk out with a bundle of life-saving drugs.
A lean person may be told to get a bit more exercise and cut
down on the salt. 

The third theory is the Real Benefits Theory. This theory
argues that fatness confers real, life-saving benefits. Perhaps
it protects against falls or nutritional deficits and frailty in old
age. 

Now let’s look at the three studies that have muddied the
muddy waters. 

A study of 2.3 million Jewish conscripts over a 43-year
period found that there was a strong relationship between
their BMI at age 16–19 and their risk of death from all causes.
The fattest 5% were more than five times as likely to die as
the leanest 5%. It’s important to note that this study refers

to premature death – the oldest participants who died were
just over 60 years old, and only a very small percentage of
the cohort had died (barely 1% of those in the fattest 5%
had departed this vale of tears). This study supports the
Healthy Survivor Theory: the unhealthy fat people may
indeed die young. 

A second study looked at the relationship between BMI
and risk of death in three large Danish cohorts from 1976–78,
1991–94 and 2003–13. The researchers found that the BMI
associated with the lowest all-cause mortality (i.e. the bottom
of the U) has been increasing over time. It was 23.7 in the
1970s, 24.6 in the 1990s and 27.0 in the 2000s. One previous
American study found similar trends. These studies seem to
be telling us that the world has changed so that fatter people
now survive longer, so it may support the Differential Medical
Care Theory.

The third study was the biggest: a megastudy of 10.6
million people from Asia, Australasia, Europe and North
America. The headline finding was that mortality was lowest
at normal weight (BMI 18.5–25), and was 11% higher in
overweight adults and 171% higher in the obese group. This
study seems to go directly counter to the Obesity Paradox. 

But there’s a catch. The authors excluded all participants
who had known disease or had ever smoked. This reduced the
initial sample from over 10 million to about 4 million, so
60% of all participants were excluded. 

These adjustments are likely to bias findings. In partic-
ular, people who have never smoked are likely to lead healthier
lifestyles, be leaner, and may live longer not because they are
lean but because of their healthy lifestyles. 

When the analysis is redone adjusting only for known
disease, overweight people have a 5% lower risk of dying at
any given age. This is much more in line with all the other
studies.

So these three studies have brought a bit of darkness to
the light. One thing that these studies agree on is that there
is not all that much difference – in terms of risk of dying –
between a BMI in the normal range and a BMI in the low
overweight range. They also agree that the BMI at the bottom
of the U increases with age. 

So if you’re my age, and carrying a few extra kilos, you
shouldn’t lose too much sleep over it. If you’re young it might
be a good idea to get to the gym.

The “Obesity Paradox” Paradox
Three recent studies have cast new darkness on the paradox that overweight adults are more
likely to get diseases such as diabetes yet seem to live longer.

Professor Tim Olds leads the Health and Use of Time Group at the Sansom Institute for
Health Research, University of South Australia. 



Last week I was collecting fossils in the spectacular country
west of Alice Springs, in the West MacDonnell Ranges.
Although we visited a well-known site discovered in 1973 by
Dr Gavin Young of the Australian National University, we
still found a significant number of important new specimens of
ancient fishes of Devonian age. At least two are new to science,
and one will certainly shed important light on the big evolu-
tionary transition of fishes to land animals when it is prepared
and described in detail.

While out there we also spent some time exploring for new
sites in the region, which is home to a very thick succession of
Devonian rocks that extends around the Amadeus Basin for
hundreds of kilometres. From the air one sees the ranges snaking
off in both directions as far as the eye can see. For me it’s a vast
untapped resource for Australia’s future.

It staggers the imagination that so little of the Australian
land mass has been thoroughly explored for fossils by expert
eyes. If we take the MacDonnell Ranges, I would estimate that
less than 1% has been thoroughly searched by palaeontologists
for fossils, so there exists a huge potential for exciting scien-
tifically groundbreaking new discoveries. Not only will such
discoveries fill our museums with new specimens to attract
tourist interest, but in some instances, where the fossils come

from spectacular mountain ranges, the journey there could also
be part of the ecotourist experience. 

Tourism has many facets, and providing detailed informa-
tion about the Earth’s fascinating history and the evolution of
life by visiting fossil sites is one we are novices at here in Australia.
There are some cases where we have done this well, like the
regular tours to the Canowindra fish fossil sites and other NSW
sites by Gondwana Dreaming. However, there are many other
well-known fossil sites that could be developed as ecotours

orking with local land owners, councils and indigenous stake-
olders.

Many of the best-known fossil sites in Australia are visited
y academic tours put on for conference delegates as part of

the program. What’s to stop these same tours being run on a
regular basis for members of the public? It would be another way
for scientists to generate income towards their research and,
in the right hands could help protect sites through regular
patrols. 

Ultimately a small visitor centre with permanent rangers
based at the sites is what is needed for our most significant sites.
Such positions will enable 100% protection of fossil sites, host
tours for the public, and regularly collect fossils for our museums
and research groups.

The newly discovered second set of fossil mammal sites near
the world heritage Riversleigh fossil sites in Queensland, dubbed
“New Riversleigh” by Prof Mike Archer of The University of
NSW (see Browse, p.10), is another prime example of how
unexplored northern regions of Australia can yield highly signifi-
cant new sites. Identified in 2013 from satellite imagery, the
new sites offer a huge potential for significant discoveries, and
might one day lead to expansion of the current World Heritage
site boundaries.

As a palaeontologist there’s nothing better than getting out
into the field and finding a stunning new specimen. We need
to share around that joy and excitement with members of the
public, and school children in particular, if we want to raise
public awareness of our significant fossil heritage, and develop
ecotourism to the extent where it might one day even play a
role in finding new fossil sites. 

Groups like 4WD clubs could be brought in to help the
search, or even the army. In 1991 I joined the Perth Logistics
Battalion searching for dinosaurs up north in Western Australia
as a training exercise to teach the new recruits about remote
four wheel driving and field camp logistics. Synergies like this
need to be rekindled.
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John Long is Strategic Professor in Palaeontology at Flinders University, and current
President of the Society of Vertebrate Paleontology.

THE FOSSIL FILE John Long

Fossil Sites Can Co-exist with Ecotourists
Palaeo-ecotours could generate income for research and conservation at fossil sites.
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The author searching for fossils in the West MacDonnell Ranges.
This region has huge potential for many future new discoveries
that could attract ecotours to the region.
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Meeting the Paris goal of limiting global warming to 2°C or
less will require a massive reduction in Australia’s greenhouse
gas emissions and amuch steeper emission reductions trajectory
than is commonly assumed.
Much of Australia’s fossil fuel resources – coal, oil and gas –

will need to remain safely sequestered in the ground. Energy
will become more expensive. Society will adapt by rapidly
expanding renewables and becoming more energy efficient.
Opinion on the causes and importance of climate change

remains divisive across society. Nevertheless, the scientific
evidence is robust. Scientific understanding of the drivers of
the climate system has steadily advanced since the 1992 adop-
tion of theUnitedNations FrameworkConvention onClimate
Change (UNFCCC). The most recent IPCC report in 2013
concluded: “It is extremely likely that human influence has
been the dominant cause of the observed warming since the
mid-20th century”.
The 21stConference of the Parties to theUNFCCC(COP-

21) in Paris in December 2015 was the most recent of a series
of international meetings attempting to reach agreement on
policies to limit the impact of human activities on climate
change. Both of the world’s largest emitters, theUS andChina,
agreed to a course of action.
The main outcomes from the Paris Agreement were:

• the establishment of a clear goal for containing global
warming – reaffirming the goal of limiting global tempera-
ture increase to below 2°C, while urging efforts to limit the
increase to 1.5°C;

• the establishment of binding commitments by all parties to
make “nationally determined contributions” to emission
reductions, and to pursue domestic measures aimed at
achieving them;

• the commitment of all countries to submit new contribution
targets every 5 years, with the clear expectation that they will
“represent a progression” beyond previous ones; and

• an extension of the current goal of mobilising $100 billion
per year by 2020 through 2025 in support of developing
countries responding to climate change, with a new, higher
goal to be set for the period after 2025.
Australia agreed to implement an economy-wide target to

reduce greenhouse gas emissions by 26–28% below 2005 levels
by 2030.
In order to keep global warming to 2°C or less, the atmo-

spheric concentration of CO2 (the direct effect of CO2 plus a
small additional impact of other gases, expressed asCO2-equiv-
alents) must be less than 425 parts per million by the end of
this century.

This budgetmust be shared
between all nations. There-
fore limitingglobal emissions
to keep warming below
2°C is only feasible
with immediate
and strong inter-
national action,
especially by the
major emitting
countries.
Besides

adopting amore
rapid reduction
target, we need to
improve our assess-
ment of the risks associ-
ated with climate change at both the global and regional levels.
A major component of our response to climate change

involves generation and utilisation of energy. R&D investment
is required in a wide range of options but, in the meantime,
new forms of energy production are needed to both serve existing
and expanding energy needs.
The challenge of emission reduction is paramount. The role

of fossil energywill change significantly through the next decade.
This demands policy that reflects a portfolio of options that

is constantly reviewed in light of new knowledge and tech-
nologies and is unafraid of the fact that the energy world of
tomorrow will be markedly different from today.
Energy utilities will develop new businessmodels of retailing

energy. The impact of domestic and centralised energy storage
and the growth of electric vehicles could both facilitate and
complicate the transition of our energy systems.
Meeting Australia’s ambitious emission reduction targets

and then revisiting them in 5 years will be demanding for succes-
sive Australian governments. The greatest demand will be for
visionary leadership, both at the corporate and government
level. A de-carbonised world will be different from today, and
the transition presents large challenges and opportunities.
Leadership is required to ensure that continuing delays in

decision-making do not compound the expensive and invasive
nature of the changes, but rather encourage the capture of
opportunities and entrepreneurialism that arise in this new
world state of energy sourcing and usage.

Dr Graeme Pearman AM FAA FTSE was CSIRO Chief of Atmospheric Research from 1992–
2002, and is now a consultant who holds senior appointments at Monash University and
Melbourne University. Dr Brian Spies FTSE has held senior research and management roles
in the mineral exploration, petroleum and environmental sectors in Australia and the US,
including Chief Research Scientist at CSIRO and Director of Physics at ANSTO. 

Can Australia Meet the Paris Climate Challenge?
We need to accelerate our efforts to reduce greenhouse gas emissions.
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How Much Does the Milky
Way Weigh?
Our home galaxy is a massive star-studded conglomeration more
than 100,000 light years across. Calculating the weight of some-
thing so colossal seems beyond the realm of possibility, espe-
cially when peering from the inside out. However, Canadian
astronomers at McMaster University have calculated that the
Milky Way is a little lighter than previously believed, with a
mass equivalent to about 700 billion suns! 

Previous estimates about the Milky Way’s mass have ranged
from 100 billion to 1.6 trillion times that of our own Sun, but
Prof William Harris and PhD student Gwendolyn Eadie devised
a novel way to measure the galaxy’s dark matter – via the invis-
ible and undetectable. 

To arrive at their current estimate, the team studied the posi-
tions and velocities of numerous globular star clusters that orbit
the Milky Way. As the authors note, “the orbits of globular
clusters are determined by the galaxy’s gravity, which is dictated
by its massive dark matter component”.

Based on early reviews, their approach is one of the most
thorough analyses to date. “With our estimate, it seems that
dark matter makes up about 88% of the Milky Way’s mass,”

Eadie said. “The rest of the weight are in the things you might
expect like stars, planets, gas, moons and dust.”

The ultimate determination of the Milky Way’s total mass
could provide scientists with clues about its long and myste-
rious history. Scientists who study the evolution of galaxies look
at how the mass relates to its evolution. If we have a better idea
of what the mass of the Milky Way is, we can understand how
it and other galaxies form and evolve.

Until then we can all feel content knowing that the Sun has
a mass roughly 330,000 times that of the Earth, and the Milky
Way has a mass some 700 billion times that of the Sun. So, in
a nutshell mere Earthling, you are not the centre of the Universe!

Hubble Spies Big Bang
Frontiers
Observations by the Hubble Space Telescope have taken advantage of
gravitational lensing to reveal the largest sample of the faintest and
earliest known galaxies in the universe. 

Some of these galaxies formed just 600 million years after the Big
Bang, and are fainter than any other galaxy yet uncovered by Hubble.
The team has determined that these small galaxies were vital to
creating the universe that we see today.

They have discovered more than 250 tiny galaxies that existed
only 600–900 million years after the Big Bang, one of the largest
samples of dwarf galaxies yet to be discovered at these epochs. The
light from these galaxies took more than 12 billion years to reach the
telescope, allowing the astronomers to look back in time when the
universe was still very young.

Although impressive, the number of galaxies found at this early
period is not the team’s only remarkable breakthrough, The faintest
galaxies detected in these Hubble observations are fainter than any
other yet uncovered in the deepest Hubble observations..

The accumulated light emitted by these galaxies could have played
a major role in one of the most mysterious periods of the universe’s
early history – the epoch of reionisation. Reionisation started when
the thick fog of hydrogen gas that cloaked the early universe began
to clear. This enabled ultraviolet light to travel over larger distances
without being blocked, and the universe became transparent to
ultraviolet light.

study, astronomers were able to determine that the smallest and most
abundant of the galaxies could be the major components in
maintaining the transparency. They basically established that the
epoch of reionisation, which ends at the point when the universe is
fully transparent, came to a close about 700 million years after the
Big Bang. 

To make these discoveries the team utilised the deepest images of
gravitational lensing made so far in three galaxy clusters, which were
taken by Hubble. These clusters generate immense gravitational fields
capable of magnifying the light from the faint galaxies that lie far
behind the clusters themselves. This makes it possible to search for
and study the first generation of galaxies in the universe.

The galaxy clusters act as powerful natural telescopes, and unveil
these faint dwarf galaxies that would otherwise be invisible. More
galaxies, at even earlier times, are likely to be revealed when Hubble
peers at three more of these galaxy clusters in the near future.
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OUT OF THIS WORLD David Reneke

Artist’s modern interpretation of our Milky Way galaxy.

By observing the ultraviolet light from the galaxies found in this
t d t bl t d t i th t th ll t d t

The Abell 2744 cluster was the first of six targets from the
Hubble imaging program, producing the deepest images of
gravitational lensing ever made. Credit: NASA/ESA 
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The Ultimate Placebo                    
The placebo effect is usually invoked with
pharmaceutical treatments, but why not
surgery?

The introduction of new drugs is rigorously controlled, with
effectiveness established through scientific comparison with a
suitable control – ideally a placebo. For surgery, introducing
new procedures relies on a biologically plausible mechanism
and evidence from lab studies and case series, with little regard
to possible placebo effects and no requirement for testing against
treatment alternatives, let alone against a placebo.

Is surgery largely exempt from any requirement to test against
a placebo because the effect is so obvious? This is not a strong
argument, as many previous “strong effects” have been shown
to be absent on scientific testing. 

Because placebo trials of surgery are unethical? Again, no.
The use of placebo surgery in trials can easily satisfy the ethical
requirements for human research. For conditions that rely on
subjective reporting, like pain, such trials provide the most
ethical way of establishing effectiveness because they incorpo-
rate the least biased method of testing, thereby increasing the
probability of finding the true answer and minimising research
waste (and possible healthcare waste from introducing inef-
fective treatments).

Another reason to test surgical procedures against a placebo
control is that everything that we know about the placebo effect
points to surgery being the ideal placebo. It is expensive, elab-
orate, relies on high-tech devices, is painful, requires consider-
able “buy-in” from the patient and is delivered by authoritative
figures convinced that it will work.

Furthermore, when surgery is (albeit infrequently) tested
against placebo (sham surgery), it often fails to show a clear
benefit, even for common procedures accepted as effective.

History provides many examples of common
surgical procedures that were later shown to be inef-
fective. These range from one of the original surgical
procedures, bloodletting, to nephropexy (tying down
a “floating kidney”), which was once the most
common urological procedure and is still being
performed today. 

For some current surgical procedures there is
evidence that they are not superior to non-surgical
treatment, but for many more of them there have
been no trials comparing them to non-surgical treat-
ments or placebo surgery. 

In my own field of orthopaedic surgery, there is
currently considerable debate regarding the appro-
priateness of our most common procedure, knee
arthroscopy, with two landmark trials showing it no

more effective than placebo in treating osteoarthritis or degen-
erative meniscus tears.

What drives surgical practice, particularly in the face of such
evidence? Largely, an over-reliance on one’s personal percep-
tion of effectiveness – a perception easily distorted by the natural
history of the condition and logical fallacies that confuse asso-
ciation with causation.

So what’s the big deal? If people feel better after the opera-
tion, who cares if it wasn’t directly due to the procedure? I care,
and we should all care. To accept the placebo effect as legiti-
mate treatment would mean that we could not identify the
specific effectiveness of a procedure, making further scientific
enquiry and extrapolation difficult. It also involves deceit, carries
a financial cost and involves exposure to potential harm. 

But the biggest problem I have with continuing to use
untested surgical treatments and relying on the placebo effect
is that, once this becomes acceptable practice, we remove the
barrier between mainstream medicine and alternative medicine,
or any non-science-based healing.

The solution is for surgery to be subjected to the same strin-
gent criteria as any science. It must provide objective, reliable
and independent evidence of effectiveness before being allowed
to introduce (or continue with) surgical interventions. 

This is possible, and it is happening more frequently, with
trials of surgery versus non-operative treatment (and sometimes
placebo surgery) being reported regularly. There is some evidence
of practice change in response to that evidence but, in my opinion,
there is more research and education to be done before surgery
has the evidence base that justifies its use of resources. 

Relying on observational evidence when less biased experi-
mental evidence is available or possible to obtain is not the way
to pursue a scientific endeavour.

Ian Harris is Professor of Orthopaedic Surgery at The University of NSW, and author of
Surgery, The Ultimate Placebo (published by NewSouth Books).
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There is something vaguely unethical about experimenting
with the ways that children are taught in schools, because getting
things wrong can have a serious effect on the children’s intel-
lectual and social development.

Teaching has always been subjected to fashion and fad, but
in most cases the children manage to come out at the end of the
process with at least some grasp of what used to be called “The
Three Rs”, although as someone who went through school
learning grammar, spelling, mental arithmetic, times tables and
neat writing (the last of which I never really mastered) I’m a little
concerned at statements I’ve seen recently that:
• nobody needs to know arithmetic because everyone has a

calculator;
• it’s not necessary to teach any form of handwriting because

everyone has a keyboard; and
• what is typed is automatically checked for correct spelling,

but spelling and grammar aren’t really necessary for commu-
nication anyway.
One comparatively recent fashionable theory is called

“Learning Styles”, which posits that children have different
ways of learning, so teaching methods should be individually
tailored to the appropriate style for each child. Scientific evidence
of the validity of the theory has been claimed. 

The three styles are:
• visual: you learn by seeing and looking, and take detailed

notes rather than become involved in discussions;
• auditory: you learn by hearing and listening, and will hum

and/or talk to yourself; and
• kinesthetic: you learn by touching and doing, so you will

remember what was done but have difficulty with what was
said or seen.
Nobody would argue that everyone learns in the same way,

but problems arise when children are categorised as being in one
group only and all education is delivered according to the group.

Schools have been paying money for the tests that classify
students, and some schools have even gone as far as to have
different uniforms for the three categories. This is redolent of
Edward de Bono’s Six Thinking Hats, which used to plague
business seminars a few years ago and give us something to
laugh at in the pub after a day’s “training”, but the consequences
are much more severe. Physically labelling children according
to some purported hard-wired learning style is not only blatantly
discriminatory but it imposes and reinforces the children’s own
self images of inadequacy (and even failure) in the areas from
which they are excluded.

Opposition to learning styles is not new, and there have
been several challenges to the supposed scientific basis for the
theory. A report published by the Australian Council for Educa-
tion Research in 2010 found no supporting evidence and actu-
ally used the word “rubbish” to describe the strategy.

Investigations by other education academics have also failed
to find any evidence for the practice, and have pointed out the
dangers of telling children that there are things that they are not
capable of doing. Telling someone often enough that they will
never understand mathematics, for example, will probably not
lead to any desire to learn maths.

Another insidious effect that has been detected is that indige-
nous students are vastly overrepresented in the “kinesthetic” cate-
gory, which can look suspiciously like division on racial or
ethnic lines (hopefully this is accidental). The unintended
consequence of this would be to steer these children into manual
occupations rather than, say, higher education.

But is there really any science behind the theory? I suspect
that there is probably as much as there is for the Myers-Briggs
personality tests used to determine the sorts of occupations
that people are suitable to follow – so not very much science at
all. Both systems are based on the idea that people can be
assumed to have fixed and limited abilities and are incapable of
learning different skills or expanding their intellectual hori-
zons. Who wouldn’t be insulted by that?

In a sense, though, there doesn’t need to be any science,
because common sense and life experience teaches us that
nobody is exclusively fixed into one of the categories. It’s not
possible to play a musical instrument without actual hands-on
experience, but if you can’t hear the wrong notes you are never
going to be any good at it. You can’t paint in oils without the
ability to visualise the finished work but brush skills have to be
learnt and practised. Most sports require both visual and kines-
thetic ability – in tennis it also helps to listen to the sound of
your opponent’s racquet hitting the ball.

Then there’s the quality of the testing to place students in
the categories. As research for this article I took two tests. The
first found that I’m highly auditory, moderately visual and low
kinesthetic. However, the second test found I’m almost exclu-
sively visual, a little bit auditory and barely measurably kines-
thetic. It’s a bit surprising then that the only sport I have ever
been good at is motor sport, which requires a high level of all
three categories, especially kinesthetic. 

Apart from the inter-test unreliability, by the fifth question
of both tests I had worked out the scoring template. This didn’t
suggest that any science had been applied to the test develop-
ment and, by inference, to the results of the tests. And if the
testing is unreliable then it probably shouldn’t be used to direct
how and what children should be taught.
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THE NAKED SKEPTIC Peter Bowditch

School Daze
Is there any science behind the theory that a
child’s visual, auditory or kinesthetic learning
style should determine how they’re taught?



For much of our recent history, societies have often viewed
mangroves as swamps, health hazards, and only good for draining
and developing. Fast forward to the present day and it’s widely
acknowledged that mangroves are anything but wastelands, and
do in fact generate highly valuable services such as coastal protec-
tion, habitat for wildlife, breeding grounds for fisheries, and
carbon storage. This is especially the case in developing Pacific
nations where mangroves provide vital services that contribute
enormously to both the economy and the well-being of local
peoples and cultures. 

Despite their value, mangroves are an ecosystem under threat.
Up to one-third of mangroves around the world have been cleared
for coastal development and aquaculture since 1980. What’s left
is facing pressure from other factors, including climate change and
rising sea levels. The resources available to save this precious
ecosystem are scarce, so it’s important to invest them wisely. 

Recently we’ve developed an approach that helps prioritise
investments in mangrove conservation in a way that takes into
account the different values of the ecosystem services that indi-
vidual mangroves provide across a management area. We demon-
strated the value of this approach by mapping multiple ecosystem
services being provided by Fiji’s mangroves and their relative
value across all of Fiji. Our new approach could prove vital to
policymakers and funding organisations seeking specific policy
outcomes when planning investments in mangrove ecosystems.

Incorporating the values of the services that ecosystems provide
into decision-making is becoming increasingly common in nature
conservation and resource management. However, with limited
funds for conservation, identifying priority areas where invest-
ment efficiently conserves multiple ecosystem services becomes
incredibly important. 

We showed that this could be done by mapping four mangrove
ecosystems services (coastal protection, fisheries, biodiversity,
and carbon storage) across Fiji. Using a cost-effectiveness anal-
ysis, we ranked mangrove areas for each of those four services,
where the effectiveness of managing the mangrove was a function
of the benefits provided to the local communities, and the costs

were associated with restricting specific uses of the mangrove.
We found that different areas of mangroves around Fiji provided
different values of the individual ecosystem services. 

Spatially explicit mapping such as this can help decision-
makers to direct funding to localities that best meet specific
funding objectives. For example, financing for disaster-risk reduc-
tion and climate adaptation (e.g. from the Green Climate Fund)
can be directed toward mangrove areas with the highest coastal
protection services. Biodiversity funds like the Global Environ-
ment Facility can be directed towards areas with the highest
potential to conserve species. 

Presently, funding for biodiversity in Fiji has been “bundled”
with funding for climate adaptation and sustainable land manage-
ment. As a consequence, this funding has been directed to some
of the most degraded habitats in the country. This might improve
sustainable land management but it’s likely a major lost oppor-
tunity for effective biodiversity financing and conservation. Exam-
ples such as this demonstrate why it’s important to distinguish
between areas that provide differing levels of ecosystem services.

We also believe our approach might help in the designation
of “no-go zones” for development in Fiji based on their national
significance for the provisioning and value of ecosystem services.
Our national-scale assessment might allow for guiding the selec-
tion of the highest priority areas for each ecosystem service where
development and extractive activities are not allowed.

There are many challenges with this type of approach (indeed,
with any form of spatial planning). Mapping exercises such as
this need to deal with issues of poor data availability and associ-
ated equity concerns in rural areas, where available data is often
even less reliable. 

However, we believe that our approach provides a significant
improvement on existing approaches that either deal with a single
ecosystem service, ignore them altogether, or do not account for
the spatial differences in ecosystem services across entire manage-
ment areas.

Scott Atkinson is a member of the ARC Centre of Excellence for Environmental Decisions and
the Centre for Biodiversity and Conservation Science at The University of Queensland.
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Making More of Mangrove Ecosystem Services
Different mangrove areas in the same region provide different ecosystem services.
Mapping these is important when deciding where conservation investment should go.
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The shuffling of ministerial responsibili-
ties after the Australian election has
produced some very interesting allocations.
Greg Hunt, after an uncomfortable time as
Environment Minister charged with
promoting the obviously inadequate
climate change response of the Abbott and
Turnbull governments, has been moved
sideways to become Minister of Industry,
Innovation and Science.

Ironically, one of his first public actions
was to offer extra funds to CSIRO for
climate science, restoring a small part of
the cuts to that area announced by CSIRO
head Larry Marshall while Hunt was Envi-
ronment Minister. Hunt has said that the
$37 million offered over 10 years will fund
15 climate science jobs – a small fraction of
those lost in the earlier round of cuts. At the

time, Hunt’s silence was deafening and it
appeared the government tacitly supported
the attack on climate science. Much of the
expertise he now wants to encourage has
already left the organisation, and critics see
the funding offer as a politically motivated
gesture to deflect concern about Australia’s
still-increasing greenhouse gas emissions.

In a novel combination, Josh Fryden-
berg has been made Minister for the Envi-
ronment and Energy. Some observers have
praised the combining of the portfolios,
saying that the pattern of energy supply
and use is the critical factor driving the
most important environmental problem,
climate change. Others have suggested there
is a fatal conflict of interest between the
Minister’s role in promoting the energy
industries causing the problem and his

responsibility for protecting the environ-
ment. This is a serious concern. 

A parallel could be drawn with the
International Atomic Energy Agency,
which has the dual roles of promoting
the nuclear industry and overseeing its
regulation. Critics say that the enthu-
siasm for promoting the industry has
inevitably meant a very generous
approach to regulation. 

Where the normal government system
would see the energy minister being briefed
by a department strongly supportive of
fossil fuels and the environment minister
being charged with putting to Cabinet the
case for clean energy, under the new
arrangement any environmental advice
will be invisibly processed in the minister’s
office. The early indications are mixed.

While the Abbott-era vendetta against
wind energy has clearly been wound back
and Frydenberg addressed the clean energy
community in positive terms at their recent
conference, he has also given the sort of
strident defence of coal that would not be
expected from an environment minister.

With a new One Nation senator
supporting the bizarre view that climate
science is some sort of United Nations
conspiracy, and some Liberal Party senators
also in denial about the science, there seems
little hope of a coherent political response
in the immediate future.
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A Roadmap for Research Infrastructure
The Australian government is consulting about its 2016 National
Research Infrastructure Roadmap. It is an unusually sensible approach,
developing a 10-year plan rather than making ad hoc decisions about
individual projects. Major recent investments like the OPAL nuclear
reactor at Lucas Heights, the Synchrotron and the Square Kilometre
Array seem to have been made in isolation rather than as part of a
coherent strategy. 

Now the government has released an Issues Paper, and is inviting
submissions from researchers and representative organisations. It says
the goal is to develop “a shared view of the capabilities that require
national research infrastructure to support current, new and emerging
areas of research”.

The Issues Paper identifies broad areas of research that deserve
attention, then considers possible priorities within each area. The fields

identified are health and medical science, environment and natural
resource management, advanced physics, chemistry, mathematics and
materials, understanding cultures and communities, national security,
underpinning research infrastructure and “data for research and
discoverability”.

A common theme running through the paper is the increasing need
to store, manage and evaluate large data collections. This is especially
important in the first two of those fields, health and medical science as
well as environment and natural resource management. The discussion
paper explicitly recognises the need in these fields to extract
information from large bodies of data.

The exercise provides an unusual opportunity for the research
community to suggest priorities for infrastructure.

Information on the consultation program for the development of the overall plan can be found
at http://tinyurl.com/jhmu83g
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An Energy Wolf in
Greens’ Clothing?  
Is the creation of a single
government portfolio
encompassing energy and
the environment a fatal
conflict of interest?



Acting Absolutely Beastly
Charles Foster has tried to reconnect with the
animal world by living as a badger, a fox, a
swift, a deer and an otter.

In its most expansive mode, bioethics deals with the biosphere
and our responsibility for all living things. But it is a bold thinker
who dares to tackle this, which helps to explain why the purview
of most bioethicists is just Homo sapiens. Animals get short
shrift. Somewhere I recall a photo of animal rights theoreti-
cian Peter Singer with a very large pig, both smiling broadly,
but most of the time the setting for bioethical selfies is confer-
ences surrounded by bottles of spring water.

The English academic Charles Foster, however, has made a
valiant attempt to broaden the circle of concern. A barrister,
travel writer, veterinarian, theologian, Oxford don, father of
six and medical ethicist, the redoubtable Foster recently
published a fascinating, if sometimes stomach-turning, account
of his attempt to reconnect with the animal world.

In his book, Being a Beast, he tells how he lived as a badger,
a fox, a swift, a deer and an otter. “Lived as” means “lived as”.
Badger Foster lived underground, ate earthworms, scraped
squirrel roadkill off the tarmac and devoured it with his 8-year-
old son (cooked with wood sorrel and wild garlic, mind you),
and lapped water “from a pool where leeches waved at our lips”.  

Fox Foster lived in London like a furtive urban fox, scur-
rying down laneways, eating rancid pizzas and sleeping in
gardens. If he felt sore and sorry, imagine what the fox felt like: 

When they walk along fence tops like teenage Olympic Romanians on
the beam, or blast from a hedge on to a wood pigeon, or seep like
mercury up to a rabbit, they’re doing it with a back so bad that, were
they office workers, it would have them signed permanently off work.

He paraglided to understand the acrobatics of swifts and ran
before a bloodhound to imagine the terror that deer must feel.
(He collapsed, and the disgusted dog turned back to its master.) 

Otters were his least favourite animal. They are pitiless killing
and eating machines, consuming the equivalent of 88 Big Macs
per day. A human counterpart would “stay up for a couple of
nights, drinking a double espresso every couple of hours, before
having a cold bath followed by a huge breakfast of still-twitching
sushi and then a nap, and then keep repeating until I die”. They
were unpleasant companions, however hard he tried to mimic
their agile savagery.

The lesson of the book is that humans need to engage with
the natural world. Perhaps this is pertinent for both bioethicists
and animal right activists. It’s one thing to tap away in front of
a computer screen, and quite another to smell the damp earth,
scrounge for food and sleep in fear of predators. 

In its own eccentric way, Being a Beast is serious and
profound. Personal identity is one of the major philosophical
questions of our day. Can we change our gender? Can we leap
over the prison walls of our own ego and culture? Foster’s book
suggests that we cannot, but his attempts have endowed us
with a valuable sense of humility. 

I’m angry at humans who act towards the natural world with a lack
of empathy which, if displayed towards other humans, would be seen
as frankly psychopathic. We have this ability to engage the natural
world on so many more levels than we actually do. I’m incredibly happy
being a human being, but I’m much happier having learned the lessons
about being human that these other species have taught me.

Besides, even human beings cannot escape their wilderness
heritage: it is wired into our psyche through evolution. As a
Cambridge graduate, Foster ought to know this. Here is what
his classmates were told at graduation:

You’re about to leave Cambridge, gentlemen. Now, it may very well be
true that the meek will inherit the earth, but my advice to you is this:
until they show some signs of making a serious bid for that position,
trample all over them.

Presumably the mature Foster regards this as otter bosh. 

Michael Cook is edi or of BioEdge an online bioethics newsle ter
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... even human beings cannot
escape their wilderness heritage: 
it is wired into our psyche through
evolution.
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