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TURNING OVER 
A NEW REEF

The mission: to grow anew the magnifi cent 
Great Barrier Reef coral, under threat from 

ocean warming, disease and pollution. Two 
scientists are opening the freezer door.

AT THE ONSET of the full moon every November, US marine 
biologist Mary Hagedorn and Dr Rebecca Spindler, an 
Australian reproductive biologist, join a throng of researchers 

from across the world to study, collaborate and marvel on the north 
Queensland coast. The spawning of the coral on the Great Barrier 
Reef, the world’s largest coral reef system, is an occasion to behold, 
not just for its ecological signifi cance and spectacle – its reddish slick 
is visible from space – but also for its precision.

In this astounding, lunar-triggered reproductive orchestra, species 
of coral produce egg-and-sperm bundles that fl oat to the surface to be 
split apart by the waves and launched on their mission to fi nd a mate. 
Only a few of the lucky ones meet success. Coral spawning happens 
in a short time frame, usually over three days, and like clockwork.

“Acropora tenuis will go at 6pm. Acropora millepora will go at nine. 
The Goniastrea aspera (boulder coral) are a bit more variable,” notes 
Spindler, manager of research and conservation at the Taronga 
 Conservation Society Australia. “And if it’s raining, they won’t do it at 
all because fresh water would kill the gametes.” 

The gathering of disappointed international scientists is then 
forced to wait another year for the next viewing opportunity. 

Spindler’s attention to detail is profound. With Hagedorn, she is 
performing a form of IVF for 26 coral species on the reef. The pair wait 
dockside for team members from the Australian Institute of Marine 
Science (AIMS) to deliver plates of about-to-spawn coral to the 
 National Sea Simulator in Townsville. “Funnily enough, just before 
they spawn, they actually start to look pregnant,” Spindler says. She 
and Hagedorn work in AIMS labs collecting and mating coral sperms 
and eggs with diverse DNA for embryonic development.

In a project aimed at conserving one of the world’s most celebrated 
natural wonders, they’re building a “cryo-reserve” – a bank of frozen 
coral – so that as the reef continues to be destroyed by pollution and 
disease, and carbon-related ocean warming and acidifi cation, it can 
be grown anew. “A lot of people think corals look like rocks but behave 
like plants, when they are really animals,” Spindler says.

Four years into the project, Hagedorn and Spindler have collected 
and fertilised nine species. Once they have conducted tests for sperm 
motility and caught embryo development at the four- to eight-cell stage, 
they freeze them in liquid nitrogen at -196°, then transport them in “dry 
shippers” (foam-lined metal canisters) to be stored at Taronga Western 
Plains Zoo in Dubbo, central western New South Wales, which has the 

facilities and expertise to make sure they’re taken care of. In theory, 
they could be stored for 10, 100 or 1000 years, she says.

This reproductive system is far more efficient than natural 
happenchance. More than two billion cells have already been banked.

“We don’t lose cells in wave action – and we make sure the eggs and 
sperm fi nd each other,” says Spindler. If left to their own devices it’s 
estimated that only one or two coral will grow from an individual 
spawning. “We don’t own the cells, we’re just fi guring out the science,” 
she says. Now they are working with the Great Barrier Reef Marine 
Park Authority to help determine what happens next. “We think there 
are three uses [for the cryopreserved cells]. 

“About 10 per cent is being saved for the very long term, for restoring 
large swathes of reef that die off  because of high temperatures or an 
environmental incident, and another 30 per cent is for what we call 
‘kamikaze restoration’ of, perhaps, a dredging area, or if there’s another 
bleaching event. We could clear away some of the dead and dying 
coral and restore that quite quickly.  

“The other 60 per cent is being made available for various studies 
for anyone we think can advance coral biology and help conserve 
them. ‘Accelerated-evolution’ research is being under taken, looking 

at ways to build the resilience of coral species to various 
changing conditions, which include warmer water 
temperatures and diseases we haven’t seen yet.”

THE SCIENTIFIC PARTNERSHIP 
of Hagedorn and Spindler at fi rst seems unlikely. They 
had shared neighbouring labs at the Smithsonian 
Constitution Biology Institute in Virginia, US, in the late 
1990s. Hagedorn had long studied marine systems 
while Spindler’s specialisation was big cats, working 
with jaguars in Brazil and pandas in China, before 
moving on to head reproductive studies at Toronto Zoo. 
Hagedorn moved to Hawaii to work on reef systems 
after picking up the challenge of cryopreserving coral 
embryos. “Anything that has a lot of fat in it, like fi sh or 
coral embryos, is very diffi  cult to cryopreserve,” she 
notes. Her method eff ectively dehydrates the cells so 
frozen crystals don’t poke through the membranes.

When Spindler took up her role at Taronga in 2007, 
Hagedorn – who’d started creating coral cryo-reserves 
in the Caribbean and Hawaii, and had ambitions for a 
global network – suggested they work together on the 
Great Barrier Reef. Spindler hardly needed convincing. 

“The reef is incredibly important because it provides 
not only the fundamental ecosystem services of 
protection and food to marine life, but really large reefs 
provide enormous terrestrial services as a buff er against 
large waves, for example. It also provides $6b a year to 
the Australian economy through tourism.”

Despite environmental and man-made threats to reef 
systems globally, Australia’s most famous reef is surviving compara-
tively better than others, “possibly because of our geographic isolation, 
but we need to be extremely cautious with the amount of traffi  c going 
through it”. She also warns of the impact carbon dioxide has on the 
reef. “It’s aff ecting the pH of the food chain. We’re already seeing 
thinning skeletons in phytoplankton and zooplankton.”

A 2012 study by researchers from AIMS and the University of 
 Wollongong showed 50 per cent of the coral on the reef had been lost 
in the previous 27 years. “So many events have aff ected the integrity 
of the reef, from coral bleaching to crown-of-thorns starfish and 
shipwrecks. It looks more like lacework now,” Spindler laments.

The Frozen Reef project can help with repairs (reattaching coral in 
some instances involves superglue) and regeneration. While kamikaze 
restoration is yet to be offi  cially approved, the researchers believe it 
could build the resilience of the reef as a whole.

In the interim, Hagedorn’s sights are turning to reefs in the Middle 
East and Africa. Her work has only just begun, she insists, and she’s 
looking to enlist more specialists in the fi eld. “In Hawaii, we’re already 
working on sea urchins, fi sh and algae. A coral reef is not just about 
coral, any more than an old-growth forest is just about trees.” A
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