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Finding what lies beyond

Reefs give
clues to
the future

Scientists from the
tropics to Antarctica
hope to shed light on
the effects of climate
change, writes
Matthew Benns.

‘‘CORAL reefs are great because
they are so environmentally
sensitive,’’ a senior geoscience
lecturer at Sydney University, Dr
Jody Webster, says.
‘‘Certain types of coral act like
tree rings or ice cores and we can
date them very accurately.’’
Webster and his Geocoastal
Research Group are looking at
coral fossils to better
understand how reef systems
operated in the past to gain
insights into how they might
survive in future.
On an Integrated Ocean
Drilling Program expedition last

T

HE humble sea
urchin is helping
Australian
scientists map the
future effects of
climate change on
the ocean. ‘‘The marine
environment will not be the
same in the future,’’ marine
biologist Maria Byrne says.
‘‘Change is inevitable but we
can’t run around like Chicken
Little – we need to work out
what’s in store.’’
Byrne is a professor of marine
biology at the University of
Sydney and also works with the
Sydney Institute of Marine
Science (SIMS) investigating
how climate change is affecting
sea urchins and other species in
Sydney Harbour.
‘‘Everything in the ocean is
interconnected,’’ she says. ‘‘You
cannot take one species out
without affecting something
else, especially ecological
engineers like sea urchins, and
because the incredibly strong
Eastern Australian Current
[EAC] is on our doorstep, what
happens here affects ocean
environments elsewhere.’’
The sea urchin is a case in
point. ‘‘One of the sea urchins
common in Sydney Harbour is
being carried by the warm flow
of the EAC down to Tasmania
and causing havoc. They eat all
the kelp, upsetting the balance
of marine life in Tassie.
‘‘At the same time, another
species of sea urchin, common
but struggling with the warmer
water in Sydney Harbour, may
be maintained by the arrival of
its hardier cousins from further
north, also carried as larvae in
the EAC,’’ Byrne says. ‘‘That
species can be found from
northern NSW to Western
Australia – and the northern
NSW ones are, naturally, much

Extremes ... marine biologist
Maria Byrne (inset) is gathering
data from the Great Barrier Reef
(main) and Antarctica (above).

‘Everything in the ocean is interconnected. You cannot take one species out without
affecting something else.’ Maria Byrne, marine biologist
more able to cope with
warming waters.’’
The key to making research
progress is collaboration with
other scientists, universities and
research centres from around
the globe, using local
information to help model and
predict what might be in store in
these habitats in the future.
‘‘We have been looking closely
at the sea cucumber, which has
previously been mainly of
interest to fishermen and Asian
peoples, who regard the species
as a delicacy,’’ says Byrne, who is
also the director of the One Tree
Island Research Station on the
Great Barrier Reef.
‘‘Because One Tree Reef has

been preserved from fishing, we
have been able to see the
incredibly important role these
animals have on coral reefs. The
slow release of nutrients from
their body helps corals grow. We
were very surprised to see they
are even able to protect corals
from ocean acidification.’’
Byrne’s research has been
bolstered by studies on coral by
scientists from the Carnegie
Institute at Stanford University
in California, who have chosen
One Tree Island as one of the key
bases in the world to monitor
and predict the effects brought
through climate change.
‘‘I am working with them and
we have merged our research on

sea cucumbers and corals – it is
quite serendipitous but that’s
how science is advanced. Man
has influenced the ocean for
hundreds of years,’’ Byrne says.
‘‘Five hundred years ago, they
were eating oysters out of the
Thames in London; 60 years ago,
they were catching marlin the
length of the boat off Florida and
the Great Barrier Reef in fishing
competitions. You cannot do
that any more.’’
One of the best and most
important places to measure
change is Antarctica. There,
Byrne is undertaking research
with the Australian Antarctic
Division at a specially designed
laboratory at Davis Station –

again looking at the effects of
warming on sea urchins.
‘‘We choose species that are
ecologically important and look
at the positives and negatives of
how they are affected,’’ she says.
In colder climates, the levels of
carbon dioxide trapped in the
seawater is greater, so ocean
acidification is very serious at the
poles. ‘‘It is the same principle of
why a cold bottle of Coke in your
refrigerator is full of gas bubbles.
It means that at the poles, the
levels of acidity in the water will
be greater,’’ Byrne says.
The Australian research base
has a facility to test local
animals, such as sea urchins, in
water dosed with higher levels of

The sex
life of coral
Research is under way to encourage growth
on artificial reefs, writes Megan Johnston.
THEY can’t speak, don’t earn a
wage and would hardly know
how to decorate a room. But
corals have at least one thing in
common with propertyobsessed Sydneysiders: they are
fussy about where they live.
For a few nights each year,
after the full moon in November,
many species of corals and other
marine invertebrates cloud the
Great Barrier Reef with eggs and
sperm. Little is known about this
feat of synchronised spawning
but what is understood is the
event is the very beginning of the
coral life cycle.
‘‘Essentially, corals and a
number of other organisms
release . . . a soup of sexual
products into the water
column,’’ a senior research
fellow at the University of NSW,
Dr Tilmann Harder, says.

‘‘Larvae develop out of these and
need to find a particular place
where they can attach
themselves to form a new reef.
‘‘This happens [over]
hundreds of kilometres. It is
finely synchronised on a large
scale by a couple of
environmental parameters – the
lunar phase and the water
temperature – and on a fine scale
by chemical signals.’’ But
drifting larvae don’t just settle
anywhere. In fact, their choice of
location is far from random.
In collaboration with the
Australian Institute of Marine
Science (AIMS) in Townsville,
Harder and his fellow
researchers from the Sydney
Institute of Marine Science
(SIMS) are investigating how
specific chemical cues guide
coral larvae to suitable sites to

Deep study ... researcher Jan Tebben diving for coral samples off Western Australia. Photo: Eneour Puill-Stephan
eventually settle and grow. They
have found these signals can
stem from bacteria that attach to
hard marine substrates or
crustose coralline algae.
In other words, coral larvae
drift with the water current until
they bump into surfaces that
give off the right chemical
‘‘scent’’. They use special
receptors to scan the surface for
the correct chemical. If it’s
positive, they stay put; if
negative, they try again. But this
can only happen a couple of
times before they run out of puff.

To find out which chemical
cues might be at play, biologists
transport coral specimens from
the reef to the AIMS
laboratories, where the corals
acclimatise to lab conditions
and eventually spawn. Harder
and his fellow researchers
then isolate the signalling
compounds from bacteria
and algae by testing how
coral larvae respond to
each compound.
They have recently been
analysing samples in Townsville.
It’s a busy time of year, drawing

together researchers from all
over the world.
‘‘The challenge with corals is
that we can get access to these
larvae only once a year in
November so this is a very short
window of opportunity,’’ says
Harder, who is also conducting
similar research in Sydney
Harbour through the SIMS,
examining certain species of
sea urchins.
Unlike corals, however, sea
urchins spawn regularly
throughout the year. ‘‘The
underlying common question

carbon dioxide to see how they
cope. That information is then
shared with researchers at New
Zealand’s Scott Base, where
similar tests are being done to
see how change is affected there.
‘‘Different parts of the world
are being affected differently
and the importance of this cooperation is that we can
compare how that happens and
accurately model what to expect
in the future,’’ Byrne says.
The director and chief
executive officer of SIMS,
Professor Peter Steinberg, says:
‘‘There are some very significant
challenges that the world’s oceans
face, such as urbanisation and
climate change. Sydney Harbour
happens to be one of the places
the world will be looking to for our
understanding of the impacts.’’
By 2050, Sydney’s population
is predicted to be in the region of
7 million people. The impact of
[shared by the Townsville and
Sydney projects] is what drives
these larvae to settle at certain
sites and not others and to look
at the chemistry that is involved
with this,’’ Harder says.
‘‘We are trying to understand
the language that these
organisms use – the chemical
language – and make use
of that.’’
In future, scientists hope to
apply their new-found
knowledge to help conserve and
manage marine environments.
The plan is to develop
technology that uses signalling
chemistry to help restore natural
reefs and create new reefs on
man-made structures.
As one of Harder’s PhD
students, Jan Tebben, puts it: ‘‘If
we understand the ecology of
the settlement of the larvae, we
can tweak the system a little bit
to let the larvae settle on
artificial surfaces.’’
The research might even help
address problems that arise
from climate change, he says.
‘‘We can’t change the big
problems of climate change and
ocean acidification that are
threatening the reef.
‘‘But we can at least do
something to restore the reef in
the midterm or get the corals to
settle somewhere else where
they can survive in the mid and
long term,’’ he says.

that population growth on the
city’s waterways will be seen as a
barometer of the impacts of
urbanisation on waterways
across the world.
At the same time, the EAC
is gaining strength, warming
the waters off Sydney faster
than almost anywhere else on
the planet.
For that reason, Steinberg
says it’s vital that scientists
continue to draw on the
expertise and research of other
scientists across the globe and
share the knowledge and
experience of what is
happening in Sydney.
‘‘Science is a global endeavour
and it is really important for
scientists to talk and collaborate
with their colleagues. In this way,
science can move forward,’’
Steinberg says. ‘‘As an Australian
focal point for marine science, it
is very important for SIMS
scientists to cross-fertilise with
their international colleagues.’’
Steinberg says the work of
Byrne and her colleagues in the
extremes of the tropics and
Antarctica on creatures such as
the sea urchin, which are
prevalent worldwide, will
provide vital early
understanding of the effects
of climate change on
Sydney Harbour and the rest
of the world.

Drilling deep ... Dr Jody Webster
examines a coral sample.
year, Webster and his colleagues
embarked on a 100-metre drill
ship to recover cores from along
the edge of the Great Barrier Reef
at depths ranging from
50 metres to 120 metres.
‘‘As the Earth changed from the
last ice age and sea levels started
to rise, the shift from a cool to
warm climate was not smooth
and continuous,’’ Webster says.
‘‘There’s evidence sea levels rose
from 120 metres lower to their
present position. But that, within
that time there, was rapid.’’
Webster undertook a similar
project in Tahiti and he plans to
recover cores from Hawaii and
elsewhere to reconstruct global
patterns. Hopefully, by
understanding how reefs
responded to climate change in
the past, scientists can better
understand how to deal with
climate change now.
Cores are being examined in
labs around the world. In July,
scientists will discuss their
findings at a symposium on
Heron Island, Queensland.
Clive Hopkins

Seagrass helps save planet
WITH climate change never far
from the headlines, most people
have an understanding of the
importance of rainforests in
removing carbon dioxide from
the atmosphere.
But it’s only in the past decade
that even scientists have begun
to understand and appreciate

Sunken treasure ... Peter
Macreadie monitors seagrasses.
the role that marine systems
such as seagrasses play in doing
the very same thing.
‘‘Even the best habitats on
land store carbon for between a
decade and 100 years,’’ Dr Peter
Macreadie, from the School of
the Environment at the University of Technology, Sydney,
says. ‘‘But seagrasses store it for
thousands of years – and do it
35 times faster.’’
Australia’s coastline is home to
more seagrass than any country,

and, like the rainforest, it’s under
threat from human activity. Pollution, nutrient run-off and
dredging are all taking their toll,
with more than 30 per cent of
seagrasses lost since records
began in 1879.
Macreadie and his colleagues
recently extracted core samples
from the seabed around Botany
Bay, going back about
6000 years. The impact of European settlement on the area was
very clear from the findings, with
the seagrass’s ability to store carbon reduced 100-fold compared
with pre-colonial times.
Macreadie’s findings are a
powerful argument for preserving and restoring Australia’s
seagrasses. However, seagrass is
not recognised in any carbonoffset legislation anywhere.
This year, he spent time in
Canberra, lobbying politicians.
Using figures from the recent
carbon-pricing legislation, he
estimates Australia’s seagrass is
worth $45 billion.
‘‘We have the opportunity to
offset carbon emissions, to
enhance and restore fisheries
and provide critical food sources
for iconic animals, such as
dugongs and turtles,’’ he says.
Clive Hopkins
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You will receive the latest news and happenings at SIMS
SIMS aims to be a world-class marine research and
training institute
All donations of $2 and over are tax deductible

supporting our marine ecosystems
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SIGN-UP NOW
it’s free »
www.sims.org.au

There are at least 570 species of fishes and
thousands of species of other marine creatures
in Sydney Harbour, making it biologically one
of the most diverse harbours in the world.
Now SIMS is inviting you to play an important
role in helping preserve NSW’s unique marine
environment for the future.

