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The NCW crown-of-thorns mitigation plan has two 
broad goals: 
1.	 Monitor COTs populations across the Kingdom of 

Saudi Arabia’s reefs to prevent potential outbreaks.

2.	 Respond rapidly and effectively to prevent coral loss 
and reduce extent of COTs outbreak.

Goals

Objectives of the NCW 
COTs Response Plan

1. Provide standard 
operating procedures 

for all stakeholders, to be 
followed before, during, and 
after COTs outbreaks, including 
lists of necessary supplies and 
delineation of agency roles. 

4. Involve a wide spectrum 
of stakeholders in the 

response process, including 
major tourism, development 
and industry sectors, 
environmental engineering 
firms, academic institutions, 
the recreational diving 
community, and others, in 
monitoring the health of Saudi 
Arabia’s reefs and ensuring all 
task force can gain access to 
desired reefs.  

2. Develop a protocol to 
monitor extent of COTs 

outbreaks and provide early 
warning of potential outbreaks 
on Saudi Arabia’s reefs. 

5. Communicate with 
the local media and 

raise public awareness of 
impacts of COTS outbreaks 
on the Kingdom’s coral reef 
ecosystems. 

3. Create a framework for 
an optimal COTs outbreak 

response, which includes: 

(a) Measurement of spatial 
extent and severity of COTs 
outbreaks; 

(b) Mitigation (culling) of 
COTs populations; 

(c) Assessment of ecological 
impacts of COTs outbreaks; 

(d) Formation of a plan 
to mitigate COTs impacts 
and restore impacted 
ecosystems; and, 

(e) Development of a 
pathway for communicating 
findings to decision makers. 
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The crown-of-thorns is a large predatory seastar 
which belongs to the phylum Echinodermata, and 
inhabits tropical and subtropical Pacific reefs from 
32oS to 34oN and can grow to around half a meter in 
diameter. It has up to 21 arms, with the entire upper 
surface of its body covered in long venomous spines. 
The seastars can move up to 20m in an hour. 

COTs normally spawn when water temperature is 
about 28oC. The seastars release eggs and sperm 
into the water and when the eggs are fertilised, 
they develop into larvae which spend from two to 
four weeks drifting as plankton in ocean currents. 
Juveniles settle (or recruit) onto the reef when they 
are about 1-2mm across. They live among rocks and 
rubble on the reef and are almost invisible until they 
are about six months old.  A crown-of-thorns seastar 
first breeds when it is 2-3 years old and breeds for 
five to seven years. Each female can produce up to 
30 million eggs during a single spawning season. 
Adult COTs tend to gather together to spawn which 
increases the chance of fertilising the eggs. 

At about six months of age, they start to feed on coral 
and begin to grow more rapidly. During the following 
two years, they grow from about 1 cm to about 25 
cm in diameter. When there are few crown-of-thorns 
seastars, they are very cryptic and tend to hide in 
the reef and under corals during the day. Larger COTs 
(more than 40 cm) usually feed during the day while 
smaller individuals (less than 20 cm) usually feed at 
night. 

Some reefs seem to support small populations of 
COTs for many years, with only a small reduction 
in coral cover. Low densities of COTs is estimated 
to be 2-3 COTs per hectare (10,000 square metres). 

1  Riegl, B., Berumen, M. and Bruckner, A. (2013) ‘Coral population trajectories, increased disturbance and management intervention: A sensitivity 
analysis’, Ecology and Evolution, 3(4), pp. 1050–1064. doi:10.1002/ece3.519.

During outbreaks, however, COTs coral consumption 
exceeds coral growth rates, resulting in lost coral 
cover. When COTs are in large numbers, there is 
intense competition for food and most types of corals 
will be eaten, including species such as Porites spp. 
that are not usually eaten by COTs. During a severe 
outbreak, there can be many COTs per square metre, 
even piling on top of each other. They can consume 
so much that they can damage most of the living 
coral in that part of the reef, reducing hard coral 
cover from the usual 24 - 40% of the reef surface to 
less than 1%. Such a reef can take 10 years or more 
to recover, if at all.

Outbreaks of crown-of-thorns sea stars (COTs) 
Acanthaster spp. have been one of the most 
significant causes of coral loss in the Indo-Pacific 
during the last century. In Saudi Arabia, outbreaks of 
COTs have been an intermittent issue on coral reefs 
for a number of years. COTs outbreaks have been 
recorded on the Farasan Islands (2006), Wajh banks 
(2008) and Farasan banks (2009), recording damage 
to areas of Acropora spp.1 While COTs outbreaks 
generally occur at regular intervals with coral cover 
returning to pre-outbreak levels in the intervening 
years, the outbreaks generate substantial concern 
among the community and leaders, and the loss 
of corals and associated reef ecosystem services 
threatens the fabric of maritime economies. In Saudi 
Arabia, COTs outbreaks could threaten developing 
tourism industries, and fishery productivity. 

Following extensive research, there is now a much 
greater understanding of the biology of the seastars, 
the nature of the outbreaks, and the pattern of 
recovery of the reefs. 

Biology & 
Background
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1.	 COTS have high fecundity; and they 
can regenerate into multiple seastars 
if divided. This means that they can 
reproduce at incredibly fast rates. 

2.	 COTS larvae can disperse across large 
areas which leads to long-distance 
connectivity and can spread in waves over 
long periods (~10-15 years). This meas 
their populations are prevalent over long 
periods of time.

3.	 Increased nutrients in the marine 
environment appear to lead to higher 
larval survival, so areas with high nutrient 
runoff are candidates for COTS outbreaks. 

COTS densities are also greatly affected by 
densities of their predators. In protected 
areas where predators are abundant, COTS 
appear to be damaged more frequently, 
leading to speculation that they can be 
controlled naturally and outbreaks are 
more a result of anthropogenic impacts. 
Importantly, this hypothesis only seems to 

determine likelihood of an outbreak and 
doesn’t influence the extent of coral cover 
once outbreak is identified. Therefore, the 
biology of COTS and connectivity dynamics 
are crucial drivers of outbreaks.

The NCW Crown-of-Thorns Response Plan exists to 
maximise effectiveness of COTS remediation activities 
conducted by the National Center for Wildlife and 
other stakeholders in the Kingdom, and ensure 
efficient use of resources and personnel by providing 
a standardized framework for responding to COTs 
outbreaks. This document includes a description of the 
Kingdom’s early warning system for COTs outbreaks, 
standard operating procedures for response 
implementation including detailed assessment and 
mitigation protocols, and recommendations for post-
outbreak management, reef recovery, and monitoring.

This document is intended for use by coral reef 
managers and scientists in Saudi Arabia, tourism 
operators, the recreational dive industry, major 
industries, environmental engineering firms, and was 
designed to be a unifying framework for response 
activities.

Life cycle of 
 a crown of thorns 

Acanthaster sp.

1. Releases of eggs & sperm

5. Juvenile

6. Adult 

2. Cell division after fertilization

4. Brachiolaria, second larval stage

3.  Bipinnaria, first larval stage

Figure 1. Life cycle of a crown of thorns
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Coral reefs recover from outbreaks of COTs in a 
similar way to their recovery from other impacts that 
reduce coral cover, such as coral bleaching. Even on 
the most heavily damaged reefs, some corals remain 
alive. As these corals grow, they begin the process of 
reef recovery. The rate at which a reef recovers from 
predation by COTs depends on many factors including 
the rate of recruitment of corals to the reef, and the 
impacts of other human impacts such as overfishing. 
Additionally, it depends on the coral species which 
are being consumed by COTs. Recovery is determined 
on whether damaged coral is fast growing species 
(Acropora sp.) or slow growing species. If the only 
coral available for COTs to consume is slow growing 
species, then there will be a slower coral recovery 
rate. Research has shown that some reefs are more 
likely than others to receive large numbers of coral 
larvae from distant reefs in ocean currents. The reefs 
which receive large numbers of larvae can have many 
young corals growing on them within a few years of 
an outbreak. As a result, coral cover can return to a 

normal level within about 10 years. Other reefs that 
do not receive a plentiful supply of coral larvae will 
take considerably longer time to recover, perhaps 15 
years or more.  In the instance where slow growing 
coral species are consumed and when reefs receive 
larger numbers of larvae, reef recovery could take 
a century to recover and management actions will 
need to be more stringent and ongoing.

However, coral reefs have faced increasing frequency 
of coral bleaching events in recent history, and reefs 
are also facing local stressors such as poor water 
quality and heavy fishing pressure that has greatly 
reduced fish biomass. The confluence of these 
impacts emphasizes the importance of tracking post-
COTs outbreak recovery to improve understanding 
of the relative resilience of Saudi Arabia’s reef sites. 
Unlike other reefs, Saudi Arabian reefs don’t face 
pressure from cyclones which is usually a huge driver 
of coral mortality.

Reef 
Recovery
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Causes of Crown of 
Thorns Outbreaks

Several different hypotheses have been proposed to explain 
outbreaks of COTs, currently these are as follows:

The removal of natural predators has 
allowed populations to expand. 

COTs are natural predators of reefs, 
and there is a likely a threshold value 
at which numbers produce sufficient 

larvae that results in exponential 
growth and reproductive success.

Increased nutrients of anthropogenic 
origin has resulted in increases in 

planktonic food for COTs larvae. The 
improved survival of larvae has led 

to an increase in the number of adult 
COTs resulting in outbreaks. 

Some human influences, such as 
overfishing and poor water quality 

have also been suggested as playing 
a role in crown-of-thorns outbreaks.
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Several techniques have been developed to control 
COTs numbers. However, they are labour-intensive 
and expensive, and normally are only practical in 
small areas - for example, areas that are visited fre-
quently by tourists who expect an abundance of 
pristine condition coral reefs. 

	 Ecosystem controls - COTs (e.g. Arothron puff-
erfish) and sessile invertebrates (such as the 
giant triton snail Charonia tritonis). COTs are 
consumed in large quantities during larval 
stages, but there are fewer predators during 
their juvenile and adult life stages due to their 
tough, toxic skin and long spines. Diseases 
can also influence COTs populations, how-
ever there’s little research on this. To reduce 
COTs numbers, no-take zones have been im-
plemented in Australia to stop overfishing of 
COTs natural predators and ensure intact food 
webs. 

	 Control methods - COTs densities on reefs 
can be reduced with area-targeted control 
measures and sufficient pest management. 
Scientists in the Great Barrier Reef (GBR) con-
trol hundreds of thousands of hectares using 
targeted intervention to protect reef habitats. 
COTs are large mobile predators, so effort 
should be made and the outbreak. It is im-
possible to eradicate COTs from reefs where 
they are in outbreak densities. However, with 

sufficient effort, small areas can be protected. 
Because COTs can quickly move from one area 
to another, control of a specific area must be 
an ongoing effort and may be required daily. 

	 The recommended control method - Uses ox 
bile salts or vinegar, taking one or two injec-
tions to cull the individual adult COTs with a 
specially made applicator gun. On the GBR a 
dedicated professional COTs team carries out 
targeted culling funded by the Australian gov-
ernment. In order to do this 6-8 vessels are 
deployed at a cost of $25m AUD per year. 

	 Saudi Arabia’s Response Plan will adopt di-
rect approaches to mitigating the impacts of 
COTs on coral reefs in the Kingdom, namely 
through Acanthaster culling . Cutting the COTs 
into pieces is no longer practiced as Acan-
thaster can regenerate from small fragments. 
Additionally, this poses a safety risk for the 
person removing COTs. When injecting poi-
son into seastars, risk from venomous spines 
can be reduced by using specialised applicator 
guns (usually used for cattle pesticides). Mod-
ern methods include injections of Bile acids 
induce an allergic reaction in COTs, resulting 
in necrosis and apoptosis of tissue 

Managing Crown-
of-Thorns Seastar 
Outbreaks 

Figure 2. Crown-of-thorns seastars concealed within coral structures.
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RESPONSE
PROTOCOLS

1.Opportunistic and 
dedicated surveillance to 

detect crown-of-thorns seastars 
and assess coral health. This 
surveillance triggers action 
levels.

2.A trained control team 
direct COTs eradication 

using injection methods and to 
assess changes in coral health. 
This team employs specific 
response action protocols.

3. A reef health and COTs 
outbreak history database 

is established to monitor 
effectiveness of control efforts 
and adaptively manage the 
program.

The Saudi Arabia COTs control program is made up of 3 elements:
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The Coral Reef Response Team will be led by NCW staff and comprise external stakeholders and members 
of the public as appropriate and warranted, and will be responsible for conducting COTs outbreak response 
action. Local entities involved in the response team may include local dive clubs, universities, members of 
the Coast Guard, staff from government agencies, Aramco, Red Sea Global, NEOM, Royal Commissions, other 
leading industry teams, and environmental consulting firms. 

Response
Team
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Initiation 
Triggers 

Saudi Arabia’s COTs response plan is based on spe-
cific decision criteria that trigger response activ-
ities. Consistent application of the early warning 
system by tracking and recording potential drivers 
of future outbreaks, determining probable out-
break risk at local reef sites, and monitoring and 
verifying recreational divers’ reports will allow 
NCW managers and scientists to employ the ap-
propriate response based on the expected extent 
and severity of a COTs outbreak before it becomes 
widespread. The National Center for Wildlife has 
determined the following thresholds for COTs out-
breaks, with each level triggering a set of actions: 

1.	Alert trigger (Level 1): If a natural re-
source manager, researcher, or member 
of the public reports an observation of 
> 2 COTS during a ~30 minute snorkel 
or dive, this data will be recorded and 
tracked.

o	The NCW management team may re-
quest initial observers / divers revisit this 
site to assess more specifically the num-
bers of COTs present at the site.

o	If two or more recreational divers or oth-
er community members report > 2 COTs 
at the site during separate visits, one or 
more members of the NCW Response 
Team will visit the site to verify the re-
ports, and use broad-scale reef monitor-
ing protocols such as manta-tow surveys 
or diver underwater vehicle surveys to as-
sess extent of spatial occurrence.

2.	Management trigger (Level 2): If a nat-
ural resource manager, researcher, or 
member of the public reports an obser-
vation of > 5 COTs during a ~30 minute 
snorkel or dive, this triggers broad scale 
surveys at the site. Opportunistic COTS 
mitigation may be undertaken during 
these surveys.

3.	Action trigger (Level 3): If a member 
of the NCW Response Team, a natural 
resource manager, researcher, or mem-
ber of the public observes > 30 COTs per 
hectare during a systematic survey, an 
outbreak is declared. NCW Response 
Team members will check nearby sites for 
potential outbreaks, prioritize response 
activities based on available resources 
and personnel, and initiate a process of 
seastar removal and for outbreak mitiga-
tion. 
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COTs Response 
Action

The Response Plan calls for the use of Ox bile salts or vinegar as the preferred COTs management measure. 
One of the main advantages of ox bile (bile salts) or vinegar is that it requires only one injection of 10 ml 
solution per individual. One 10 mL dose of ox bile at10g/l concentration has been shown to result in 100% 
mortality in COTs 24 hours after injection for adult COTs >40cm. There has been no evidence of detrimental ef-
fects of either sodium bisulphate or ox bile for other reef organisms, including fishes, stony corals, and other 
echinoderms. In the absence of Ox bile solution, household vinegar can be used to cull COTs. Vinegar is less 
expensive than ox bile, but a greater quantity of solution (20-25 ml vs. 10 ml) is required for each injection. 
Research has found that one 25 mL injection of household vinegar resulted in 100% COTs mortality after 48 
hours. Additionally, no harmful effects of vinegar on other reef organisms have been recorded. 

Figure 3: Injection of COTs with injection gun
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Observations	by	local	
managers	and	
researchers	

Reports	by	divers	/	dive	
shops	

Reports	by	members	of	
the	public	

<2	COTs	reported	for	30min	
dive	or	snorkel	

<5	COTs	reported	for	30min	
dive	or	snorkel	

Opportunistic	removal	
during	NCW	confirmation	

surveys	

Broad-scale	surveys	at	
affected	sites	

<30	COTs	/	Ha	recorded	
during	surveys	

Continue	monitoring	at	
affected	sites	with	
increased	frequency	Deployment	of	NCW	

COTs	Response	Team	

COTs	mitigation	(culling)	

Prioritize	response	based	
on	area	affected	and	
resources	available	

Conduct	public	outreach	
activities	and	involve	
local	dive	community	

Conduct	quantitative	
assessments	as	and	how	

resources	permit	

Conduct	reef	surveys	to	
measure	impact	and	
track	reef	recovery	

Implement	active	reef	
restoration	as	required	

Analyse	reasons	behind	
outbreak	as	a	‘learning	
lesson	for	the	future”	

Update	key	decision	
makers	and	media	

<5	COTs	reported	for	30min	
dive	or	snorkel	

Continue	to	track	COTs;	
reach	out	to	local	divers	

for	information	

Observation	
Response	

Action	

Assessment	

Figure 4. Flow chart diagram of response plan.

Response Protocol Flowchart
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Team Field 
Deployment

Upon receiving news of COT outbreaks, NCW and/or stakeholders should deploy a team of (at least) six qual-
ified and trained divers to plan for, and execute, a COT eradication event, working alongside local resources. 
Additional divers may be deployed when warranted and must hold necessary approval from NCW to operate 
in the area.

1.Centralised coordination 
will be provided by NCW;

4.NCW leadership will liaise 
with the Coast Guard to 

enable rapid response diving 
operations;

7.Cleared areas will be 
revisited every 4-5 days 

to ensure all COTs were culled 
and to find any new seastars in 
the area.

2.The response team will 
consist of scuba divers 

holding an Advanced Diver 
qualification or higher and with 
substantial experience in scuba 
diving working operations;

5.Where available, 
NCW vessels and dive 

equipment will be used to 
access outbreak sites. Where 
these are unavailable, NCW 
will authorise the use of special 
reef-rehabilitation funds to 
cover the costs of short-term 
interventions;

8.Data sheets will be 
used to record the reef 

location, GPS location, injection 
method used, species, size 
and observer details. As well 
as space for comments on 
predation events or mating 
aggregations etc. 

3.The divers will be briefed 
on health and safety 

procedures, and in COT 
eradication protocols, and 
will be able to provide on the 
ground training to volunteer 
teams;

6.NCW will fund the 
deployment of an internal 

team until it is determined that 
the number of COTs is below an 
Alert level. Partners may deploy 
teams in coordination with 
NCW centralised management;

9.Data from the eradication 
projects will be uploaded 

into the NCW eSpecia data 
management portal for use in 
designing future tracking and 
response measures.
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Response 
Procedures

Response action will be taken using an Integrated Pest Management approach which considers the ecological 
and economic implications of COTs as well as reviewing risks, costs and availability of resources. Information 
received from stakeholders, tourism operators and dive companies are all important to creating an adaptive 
management approach.

1.Once a COTs outbreak 
has been declared, 

surveys should be conducted 
to determine the extent of the 
area impacted. This can be 
done by manta-tow surveys 
or the use of divers across a 
wide area, until the boundaries 
of the outbreak can be 
determined;

4.A Response Team Leader 
should be appointed to 

manage diving activities and to 
manage data ensuing from the 
COT response activities;

2.Once the extent of the 
outbreak is determined, 

a plan should be formulated 
amongst the response team 
to tackle the outbreak in a 
systematic and safe manner. 
Divers will record coral reef 
health and assess damage by 
COTs and record other physical 
damage or disease on reefs.

5.The Response Team leader 
should assign a diving 

roster and duties, and monitor 
diving activities to ensure 
safety protocols are followed, 
and to maintain records of total 
number of COTs eradicated and 
area covered;

6.As needed, the Response 
Team leader will extend 

dive activities until no further 
records of COTs are reported. 
The decision-making process 
for the overall response is 
depicted in the accompanying 
flowchart. Communication with 
local stakeholders will remain 
after culling events to remain 
vigilant and further action will 
be taken to keep predation 
dynamics in check.

3.A diver safety plan should 
be developed to ensure 

divers remain safe from the 
poisonous COTs as well as from 
nitrogen build-up and other 
scuba diving-related risks;
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Independent activities 
for stakeholders 

•	 Identify areas where COTs are present, helping 
to identify “priority areas” for response action. 
This helps understand COTs population dynam-
ics in Saudi Arabia.

•	 Continue to raise awareness with members of 
the public about COTs outbreaks and the eco-
logical and economic impact to reefs.

•	 Record and monitor extent of Arothron puff-
erfish and giant triton snail (Charonia tritonis) 
natural predators of COTs. Review potential for 
captive breeding program of native COTs pred-
ators.

•	 Remain informed about latest techniques that 
can be used to monitor COTs / assess reef 
health such as e-DNA, drone surveillance and 
ROV’s. The use of e-DNA, known as environ-
mental DNA can be used as an early detection 
technique to find the presence of larvae, small 
juvenile COTs and adults without the need to 
enter the water. 
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Preparation of Chemicals 
for COTs Eradication

4.Ox bile should be pre-
weighed in desired 

quantities and stored in 
individual bags; adding 1g extra 
per bag (e.g. weigh out 11 g to 
make a solution of 1 l at 10g ox 
bile concentration) as some will 
stick to the bag or inside the 
backpack; 

7.The injection backpack 
consists of an applicator 

gun, 5 litre plastic bottle 
(containing injection fluid) and 
a hook for applicator when not 
in use.

2.If using Ox bile, the 
mix should be readied 

at a concentration of 10 g/l 
in deionized (DI) water or 
freshwater (Note: Ox bile has a 
five day shelf life in solution); 

5.Face masks, rubber gloves, 
and eye protection should 

be worn as Ox bile powder 
can be an irritant if inhaled, 
swallowed, or comes in contact 
with skin or eyes; 

8.Food colouring (the 
suggested colour is 

red food colouring) should 
be added to the solution or 
vinegar so the diver can see 
that the gun is working when 
administering injections; 

3.Vinegar may be an 
optional substitute to Ox 

bile salts; White household 
vinegar is a solution of acetic 
acid (CH3COOH) and water, 
prepared at a concentration of 
around 4% (pH 1.8-2.5), when 
administered to COTs they are 
unable to regulate pH making 
it toxic to them but harmless to 
humans.

6.Solutions should be 
prepared on land rather 

than in a moving boat;

9.A small air space should 
be left in the backpack 

during filling, so it will float 
upright when underwater. 

1.Injection kits owned 
by NCW and other 

stakeholders should be 
assembled at the site, along 
with supplies of Ox bile or 
vinegar, for use in culling 
measures. Guidance should 
be sought from the Response 
Team Leader on availability of 
kits and chemicals. A stockpile 
of Ox bile salts and/or vinegar 
will be stored at NCW field 
centres and at strategic 
locations around the Kingdom 
along with stores of syringes, 
gloves, bags, mixers and other 
materials; 
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Number of injections 
and location

1.	 Administer each injection in a 
slow and steady flow, making 

sure needle does not go all the way 
through the COTs.

2.	 When measuring the size of a 
COTs, measure the diameter 

across the oral disk and from tip to tip 
of a pair of arms that appear to be the 
average length for that individual.

3.	 Rinse guns daily with fresh water 
and once per week, soak and 

thoroughly clean all components, apply 
WD40- to moving parts .

•	 Ox bile: COTs > 40 cm 
should receive two 
injections in middle 
or base of arm (for 
juveniles, one injection 
in central disk) 

•	 Vinegar: COTs > 40 cm 
should receive two 
injections in base of arm 
at opposite sides of the 
body 

Figure 3.Injection placement (white dot) for bile salts and 
vinegar for adult COTs.
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Supporting 
information

A video from the GBRMPA on COTS gun assembly, preparing solutions of, and injection procedures can be 
found at https://www.youtube.com/watch?v=hi3Nns01rLg. A video from the GBRMPA on identifying COTS 
and feeding scars, effectively administering injections, and recording data on control efforts: https://www.
youtube.com/watch?v=ylKylXXgJuc. For stakeholders wishing to purchase and stockpile response materials, 
injector guns specifically designed for COTs eradication can be ordered from http://www.ampto.org. These 
devices are specifically designed for use underwater and constructed of stainless steel to prevent rust. https://
njphillips.com/ sells a complete kit for COTs control, which includes a 10 ml metal applicator gun for ox bile, 5 
l backpack, transfer tube, spear with needle mount, and spare parts kit. Additional supplies needed: 

•	 16 gauge veterinary needles 

•	 Lab balance/scale 

•	 Face masks, rubber gloves, eye protection 

•	 Ziplock bags 

•	 Deionized water 

•	 For measuring COTs: Tongs, meter stick 

•	 Hook with hollow handle for removing COTs from crevices 

https://www.youtube.com/watch?v=hi3Nns01rLg
https://www.youtube.com/watch?v=ylKylXXgJuc
https://www.youtube.com/watch?v=ylKylXXgJuc
http://www.ampto.org
https://njphillips.com/
https://njphillips.com/
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Partners





www.ncw.gov.sa


