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Starfish supper

Coral feeders
Coral reefs around the world face many challenges. Coral bleaching 
(linked to climate change), pollution and hurricanes all take their toll. 
Many reef systems in the Indo-Pacific region, including Australia’s 
Great Barrier Reef, face an additional, biological threat. Each adult 
crown of thorns sea star – COTS – can consume its own body area of 
living coral every night (see Figure A). These nocturnal animals can 
grow to a width of up to a metre, and on average each individual 
destroys 13 square metres of coral per year.

In an ecosystem in balance, these coral predators would pose 
little problem, but humans have overfished their predators (see 

Box 1) and agricultural runoff has provided rich nutrients for their 
larvae. Booming numbers of COTS have become the major cause of 
coral death for the already-struggling Great Barrier Reef and recent 
research has revealed a sinister twist to the story. While corals can 
recover, it takes time for them to establish – but the COTS can wait. 
The juvenile stage of COTS is herbivorous. Normally, the juveniles 
switch from eating algae to consuming coral when around 4 months 
old. But if coral is not plentiful, the juveniles can survive on algae 
until they are up to 6.5 years old, and then switch to eating coral – 
thwarting coral recovery.

Combating COTS
Until recently, the only sure way to eliminate COTS was physical removal 
and destruction of the animals (see Figure B). Trials of computerised 
recognition systems combined with robotic devices to deliver toxic 
solutions started to show promise in 2005. However, recognition 
accuracy of less than 70%, the need to inject a toxin into every arm of 
each animal (to prevent regeneration), and the risks posed by toxins to 
other life forms impeded progress.

In 2014, research showed that a single injection of bovine bile salts – a 
readily available commercial product obtained from the meat industry – 
killed COTS. Bile is secreted by the gall bladder of mammals, and assists 
with the emulsification of lipids in the small intestine. When injected 
into a sea star, these salts cause tissue damage, which in turn triggers 
a rapid and powerful immune response. The wave of tissue destruction 
that follows kills every part of even large sea stars in less than a day. And 
crucially, extensive research on a range of animals fed on bile-injected 
COTS showed no ill effects.

Advances in artificial intelligence and robotics have generated a robot 
than can recognise COTS 99.4% of the time, so we now have a means 
to tackle this voracious coral enemy that benefits other organisms in 
the ecosystem.

Professor Liz Sheffield, University of Liverpool

Box 1 Biological control

Reefs closed to commercial fishing have fewer COTS than those where 
fishing is allowed. Research shows that a wider range of fish feed on 
COTS than previously suspected. The development of a genetic marker 
for COTS allowed researchers to detect COTS DNA in the faeces of a 
range of reef fish and invertebrates. So, allowing the natural predators 
of COTS to thrive could help efforts to control outbreaks.

One species suggested as a key predator in the biological control 
armoury is the harlequin shrimp (see Figure C). These colourful 
crustaceans are well known for their gruesome sea star ‘farming’ habits. 
When a harlequin encounters a sea star, it starts by eating the tube 
feet (which sea stars use to move around, prise open prey, and ‘right’ 
themselves if flipped over). This immobilises the sea star, which means 
the shrimp can continue to dine at its leisure. If the sea star detaches a 
limb, it can regenerate the limb but the shrimp still gets a good meal, 
and there are reports of harlequins keeping immobilised sea stars alive 
for several weeks by feeding them, thus maintaining a living larder.
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Crown of thorns sea stars are voracious consumers of coral.  
What can we do to protect coral reefs from these predators?

Figure C Harlequin shrimp feeding on detached sea star arm

Figure A Crown of thorns sea star on coral. The animal has grazed the living topmost layer of the coral, leaving behind empty skeletons 
of calcium carbonate

Figure B Diver bagging a crown of thorns sea star. Subsequent 
immersion of the animals in fresh water can then be employed to 
kill them


