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— ABSTRACT

A massive decline in Hard Coral Cover has been observed in the Philippines over the past decades,
and Crown-of-thorns Sea star (COTS) outbreaks contribute to this decline. Effectively managing these
outbreaks will aid in conserving the country’s reefs. However, questions about the extent of the damage caused
by outbreaks, the biology of the Philippine COTS, and the nature and triggers of outbreaks dramatically limit
the development of effective management. This review presents the existing knowledge of the biology of the
Philippine COTS, past and present COTS outbreaks in the country, and current management strategies used
to control these outbreaks. An extensive literature search was done to consolidate historical reports of COTS
outbreaks from published journal articles, news articles, and personal communication with government
agencies and other organizations. Results showed that COTS was reported in the Philippines as early as
1938, but outbreaks have been documented for the past five decades. COTS outbreaks have been consistently
reported in the waters of Cebu, Central Visayas from 2002 to 2008 and 2018 to 2021. COTS spawning in the
Philippines was reported during the summer months from March to May, but further studies are needed on
other aspects of its biology, especially on its morphology, reproductive capacity, larval biology, and feeding
capacity. Lastly, a Philippine COTS management program involving the government, the academe, and citizen
scientists is urgently needed to monitor COTS outbreaks and minimize its effects on the country’s ailing reefs.
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1. INTRODUCTION

he crown-of-thorns sea star (COTS) is

I notorious as a keystone coral predator. This
species contributes to the massive decline in

coral cover across the Indo-Pacific region (Fabricius
2013). With this, COTS has been the subject of
extensive studies concerning different facets of COTS,
from its taxonomy and biology to population control.
In the past, COTS was recognized to belong to only
a single species, Acanthaster planci. However, DNA
barcoding revealed the presence of at least four species
of COTS (Vogler et al. 2008), with the Philippine
COTS belonging to the pan-Pacific clade. The pan-
Pacific clade was identified as Acanthaster cf. solaris,
following Haszprunar and Spies (2014) and without
recent taxonomic revision. Recent studies that focused
on the pan-Pacific COTS revealed two major clades

within the Pacific: the East-Central Pacific clade
and the pan-Pacific clade. The pan-Pacific clade
also includes COTS from Vietnam, Japan, Papua
New Guinea, Micronesia, the Marshall Islands, the
Great Barrier Reef (GBR), Vanuatu, Fiji, and French
Polynesia (Yasuda et al. 2021; Yasuda et al. 2022).

In addition to their taxonomy, another
extensively studied aspect of COTS is their capacity
for rapid proliferation and the formation of outbreak
populations. This phenomenon is closely linked to the
interplay between their biology and environmental
triggers. COTS are known for their high fecundity and
mass spawning, allowing them to proliferate rapidly
and in high numbers (Babcock et al. 2016a; Caballes et
al. 2021; Pratchett et al. 2021). Over the years, several
studies have defined outbreaks differently (reviewed
by Pratchett et al. 2014), with definitions highly
dependent on the characteristics of the coral reef and
the density of COTS a reef can sustain.
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Given the position of the Philippines at
the core of the Coral Triangle, it is home to some
of the most diverse coral reefs in the world. Sites
in the Sulu Sea surrounding Palawan have been
observed to harbor the most remarkable diversity and
populations of reef-building coral species, while sites
in the country's northern region were noted for their
richness as coral ecoregions (DeVantier and Turak
2017; Licuanan et al. 2017). The country's coral reefs
provide economic services to the country's fisheries
sector. The total economic value of Philippine reefs is
four billion US dollars per year from fisheries, tourism,
and biodiversity (Tamayo et al. 2018). Despite their
abundance and economic importance, it was found
that hard coral cover at a mean of 22.8% across 206
sites between 2014 and 2017, a steep decrease from
over 30% cover between 1981 and 2010 (Licuanan
et al. 2019), caused by a multitude of ecological
and anthropogenic factors such as coral bleaching,
harvesting of essential reef species, eutrophication,
and infestation of COTS. Sightings and outbreaks of
COTS have been reported to be a problem in coral
communities and reefs across various provinces in the
country over the last decades (see discussion in section
3). The potential for future outbreaks necessitates
efforts in monitoring and mitigating COTS for the
protection of already highly threatened coral reefs (de
Dios and Sotto 2015).

Despite the massive threat that COTS is
posing in the country's coral reefs, the biology and
ecology of COTS in the country remain poorly
studied, particularly the nature, timing, severity, and
extent of past and present outbreaks and efficient
ways to manage or prevent the occurrence of these
outbreaks.

This review presents existing knowledge of
the biology, outbreaks, and management of COTS
in the Philippines. While most reviews conducted
in the past have focused heavily on COTS in the
Great Barrier Reef (GBR) and other parts of the
Indo-Pacific, this review is the first paper to focus on
COTS studies and efforts made in the Philippines.
Outbreak reports were collated via literature searches
from different published journals and news articles,
personal communication with the staft of concerned
government agencies, and supplementary information
from reef surveys conducted by Reef Check
Philippines. Future perspectives on the establishment
of a national database for COTS outbreaks and the
potential role of citizen science in outbreak monitoring
and management are also discussed in this review.

2. Biology of COTS

Extensive research and review articles have
been dedicated to studying the biology of the Pacific
Crown-of-thorns Sea star (COTS), as evidenced by
studies such as Pratchett et al. (2014) and Wilmes
et al. (2018). However, it is important to note that
most literature on this topic primarily focuses on
COTS populations in Australia and Japan. Although
no rigorous study was conducted to compare the
biology (e.g., morphology, reproduction) of COTS
in the Philippines with those found in other regions
of the Pacific, many studies have described the
general biology, including the general morphology
and spawning of the Philippine COTS. Pacific COTS
exhibits variable coloration from gray-green to gray-
purple with a “bulls-eye” appearance due to two rings
of darker papulae (Birkeland and Lucas 1990). COTS
collected from several reefs in Zamboanga Del Sur
exhibited two color morphs: purple with orange spines
and purple with red spines. However, the presence
of the “bulls-eye” appearance was not mentioned
(Alibon and Madjos 2019; Alibon and Madjos 2020).
The size and number of arms of COTS are highly
dependent on life stages (Haines 2015). Collected
samples of adult COTS from different locations in
the country range from 120 to 560 mm in diameter
from arm tip to arm tip, with 7-20 arms (see Table
1), consistent with COTS found in other areas of the
Pacific (Fabricius 2013; Birkeland and Lucas 1990 as
cited in Haszprunar et al. 2017). The arms of COTS
are covered with toxic spines 40-50 mm long, which
serve as a defense against predators. Tissues overlying
the spines contain saponin, a toxic chemical that may
inflict painful wounds and other symptoms such as
swelling around the wound, nausea, vomiting, and
even hemolysis of human red blood cells, with the
Pacific species considered to be the most harmful of
all the species under the A. planci species complex
(Moran 1988; Fraser et al. 2000; Haszprunar et al.
2017). In Japan, COTS venom was reported to cause
respiratory and liver damage, eventually causing
mortality to the person stung (Ihama et al. 2014). In
the Philippines, no formal report of extensive injury
or death was reported in the past, but there were
anecdotal accounts of COTS’ sting causing necrosis of
infected tissues and fever for days for those sensitive
to the toxin. Also, anecdotal accounts from fishermen
from Bicol, southern Luzon, mentioned that COTS
suddenly blows off its thorns once touched, hence its
informal local name, “Granada”
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Table 1. Observations of size, number of arms, and depth of occurrence of COTS in various locations in the Philippines.

Location Diameter (mm) Number of Arms Depth (m) Reference
Samal Island 150-300 9-18 1-18 Bos et al. 2013
Lungui Island, Alibon and Madjos
Zamboanga Del Sur 120-270 -- 7-8 2020
Soalogan, Dimataling, Alibon and Madjos
Zamboanga Del Sur 185.17-190.5 7-16 3.9-6.4 2019
Sogod Bay, Southern
Leyte 137-324 -- 3-12 de Dios et al. 2014
Tubbataha Reefs 130-560 10-20 - Pan et al. 2010

The inherent life history of COTS contributes
to its predisposition to population fluctuations.
COTS reproduce sexually, with large females able to
release more than 100 million eggs in one spawning
season (Babcock et al. 2016a), when male and
female individuals aggregate in proximity in a reef
to reproduce effectively (Babcock et al. 1994). COTS
spawning occurs in months of elevated temperature
or when the temperature rises depending on the
latitude (Pratchett et al. 2014). In the Philippines,
Bos et al. (2013) revealed that gonad maturity and
spawning of COTS in Samal Island are highest during
the summer months from March to May when sea
surface temperature rises above 27°C, the threshold
temperature for reaching maximum gonad maturity
and spawning for sea stars (Pratchett et al. 2014).
Gonado-somatic index (GSI) for male and female
COTS increased rapidly from March to May. The
highest GSI is recorded during April, with the mean
GSI for females at 14.9 and 11 for April 2010 and 2011,
respectively. The highest mean GSI recorded for males
was 7.7 and 14.8 in April 2010 and 2011, respectively.
GSI decreased gradually from April to nearly zero
during November, showing an annual reproductive
cycle of COTS in the Philippines (Bos et al. 2013).
This agrees with Caballes et al. (2021) in the Great
Barrier Reef, where the GSI peaks during January and
February when the sea surface temperature rises. In
New Caledonia, it was found that the peak spawning
period for COTS was in December (Hue et al. 2020).

COTS is by far the most notorious coral-
eating invertebrate. This is made possible by their
large stomach surface area, capable of being everted
and wrapped around their prey. Then, proteolytic
enzymes are released to digest soft coral tissues and

be absorbed by the COTS (Moran 1988; Vogler
2010), enabling a single COTS to consume 150-250
cm? of live corals per day. The feeding preferences of
COTS are affected by multiple facets, including the
nutritional value of the coral prey, distribution and
abundance of the coral prey, and prior conditioning
of each COTS (Moran 1988). In a study by Alibon and
Madjos (2019), COTS in the coastal areas of Barangay
Saloagan, Dimataling, Zamboanga Del Sur was found
to feed in five genera of corals, including Pocillopora,
Porites, Acropora, Favites, and Echinopora. Acropora
and Pocillopora were the most preferred genera
due to their branching and tabular form and higher
nutritional value than other coral genera. Porites, even
with less nutritional content, are also preferred due to
their branching structure and abundance in the area.
This result is consistent with the summary made by
Pratchett (2014), which revealed that Acropora and
Montipora are two of the most preferred coral genera.
In contrast, a survey of coral reefs in Kao, Thailand,
revealed that the most preferred genera are Fungia
and Pavona (Haines 2015), highlighting that coral
prey preferences vary between locations across the
whole distribution of COTS, influenced by nutritional
value, distribution, and abundance of coral species.
This feeding behavior was explained using the optimal
foraging theory, where the highest growth rate of
COTS, both in the field and in controlled aquarium
conditions, was achieved when juveniles fed on
preferred corals (acroporids and pocilloporids). While
the high abundance and encounter rate of Acropora
and pocilloporids did not play a significant role in
shaping the feeding preferences, alternative prey's
relative abundance influenced selectivity (Keesing
2021).
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3. Incidents and reports of COTS outbreaks in the
Philippines

When in expected numbers, crown-of-
thorns sea stars (COTS) are essential in controlling
the growth of fast-growing corals, providing room for
other benthic invertebrates, and increasing diversity
in the reef (Pratchett 2001). However, outbreaks are
highly possible due to COTS producing massive
numbers of larvae (Birkeland and Lucas 1990).
Across the distribution of COTS, the definition of
an outbreak varies greatly depending on the size of
COTS, the size of the reef cover, and the rate of how
fast or slow these sea stars consume corals. Different
authors have defined the number of individuals per
area to be considered an outbreak. For instance,
Pearson and Endean (1969) consider an outbreak
with 40 individuals per 20-minute swim in the GBR.
Since COTS individuals are relatively smaller in Japan
and consume fewer corals per year, the estimated
outbreak density is >10 individuals per 15-minute
swim (Yasuda 2018). Dumas et al. (2020) consolidated
multiple threshold values from several studies and
developed a three-level outbreak threshold, which can
be used both in professional (individuals per hectare)
and non-professional (individuals per ten-minute
swim) surveys, namely non-outbreak population
(<15 COTS.ha'! or 0-1 COTS.10mins™), potential
outbreak population (15-100 COTS.ha-1 or 2-5
COTS.10mins-1), and confirmed outbreak population

(>100COTS.ha? or >5 COTS.10mins"'). The
Department of Environment and Natural Resources
- Biodiversity Management Bureau (DENR-BMB), in
a memorandum, set preliminary guidance in COTS
outbreaks and cited outbreaks as having more than
30 COTS individuals per hectare, or more than one
individual seen per 20-minute dive (DENR-BMB
2020).

No available database has consolidated
information on COTS outbreaks in the Philippines
for the past decades, and the overall damage
caused by these outbreaks remains poorly known.
Table 2 summarizes information on the provinces
affected by COTS outbreaks from a comprehensive
literature search from published journals, news
articles, websites, and personal communication with
concerned government agencies. The first reported
observation of COTS feeding on corals was by
Alcala (1976) on a reef in Sumilon Island, Southern
Leyte. However, as early as 1938, COTS was already
reported as “common” in the reefs of Port Galera Bay
and Sabang Cove, Mindoro (Vine 1971). The highest
number of provinces affected by COTS outbreaks
was reported in 2007 (West Philippine Sea: Batangas,
Mindoro, Palawan, and Pangasinan; Inner Philippine
Sea: Cebu and Bohol; and Celebes Sea: Sarangani).
Different areas of Cebu, including well-known tourist
and dive spots such as Malapascua, Daanbantayan,
Moalboal, Oslob, Camotes Island, and Bantayan
Island, have been consistently reported to be infested

Table 2. Consolidated provinces cited to have experienced COTS outbreaks from 1938 to 2022. Data consolidated from published journals,

news articles, websites, and government agencies.

Year Region Province Reference
1938 IVA Mindoro Vine 1971
1969 IVA Batangas Endean and Chesher 1973
IVB Mindoro
1970 I Pangasinan Endean and Chesher 1973
I Zambales
VI Negros
1971 IVA Batangas Endean and Chesher 1973
IVB Marinduque
Mindoro
1985 IVB Palawan Narola et al. 2004 as cited by Magdaong 2014
1998 IVA Batangas Nariola et al. 2004 as cited by Magdaong 2014
IVB Palawan Magdaong et al. 2014
1999 IVA Batangas White et al. 2001
VIII Leyte Benliro et al. 1999
2000 IVA Batangas White et al. 2001
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Continuation of Table 2. Consolidated provinces cited to have experienced COTS outbreaks from 1938 to 2022. Data consolidated from
published journals, news articles, websites, and government agencies.

Year Region Province Reference
2002 VI Cebu Magdaong et al. 2014
Negros Oriental
2003 VII Cebu Magdaong et al. 2014
XI Davao City Nariola et al. 2004 as cited by Magdaong et al. 2014
2004 IVB Palawan Nafiola et al. 2004 as cited by Magdaong et al. 2014
VII Cebu Magdaong et al. 2014
2005 VI Negros Occidental Magdaong et al. 2014
VII Bohol
Cebu
2006 VII Cebu Magdaong et al. 2014
2007 I Pangasinan World Wildlife Fund 2007
IVA Batangas
IVB Oriental Mindoro
Palawan
Palawan Tubbataha Reefs Natural Park 2021
VII Bohol Magdaong et al. 2014
Cebu
XII Sarangani World Wildlife Fund 2007
2008 IVB Palawan Yan 2008
VII Cebu Magdaong et al. 2014
VIII Leyte
XII Davao City Bos et al. 2013
2009 IVB Palawan Bos 2009
2012 VIII Leyte de Dios et al. 2014
2013 IVA Batangas Rabe 2013
2016 VII Siquijor Andringa-Davis 2016
2018 VI Cebu Dalongeville 2019
2019 IVA Batangas The Philippine Star 2019
VI Antique Lena 2019
Guimaras
VII Cebu Gonzales 2019; Miasco 2019
VIII Southern Leyte Dimzon et al. 2021
2020 VI Aklan Aguirre 2020
Antique
2021 I Zambales CENRO Zambales 2021a,b,c,d
IVA Batangas Mayuga 2021
VIII Cebu Sitchon 2021
IVB Palawan Laririt 2021
2022 111 Zambales CENRO Zambales 2022a,b
VI Aklan Aguirre 2022
IVA Batangas DENR CALABARZON 2022a,b
VIII Leyte Bonachita 2022
XII Sarangani Gubalani 2022

The Philippine Journal of Fisheries
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by COTS from 2002 to 2008, and in 2018-2021. Even
various provinces surrounding and within the Verde
Island Passage, which is considered as the center of
the center of marine biodiversity, have experienced
recurrent COTS outbreaks as early as 1969, including
municipalities in Batangas (Balayan Bay - 1969;
Mabini - 1999, 2000, 2007, and 2022; Tingloy - 1999,
2000, 2019, and 2022; and Calaca - 2022) and Puerto
Galera, Oriental Mindoro (1969 and 2007).

Since 1997, Reef Check Philippines has
included COTS in its surveys on coral reef health. A
total of 954 surveys in 487 sites were made by Reef
Check in the Philippines from 1997 to 2020 (Figure
1). However, since the onset of the global pandemic
in 2020, there is limited data for 2020. Integrating
the definition of outbreaks adopted by the DENR-
BMB (> 20 COTS per hectare), most COTS outbreaks
occurred in 2006 when 20 reefs surveyed were in
outbreak status. The highest abundance of COTS was
recorded in Sogod and Moalboal in Cebu in 2004 and
2008, respectively, and Cebu has been consistently
surveyed to have high densities of COTS from 2002 to
2008, consistent with other reports from the literature
(see Table 2).

In most areas of the country, the occurrence
of outbreaks follows a sporadic pattern. During
specific periods, outbreaks can simultaneously impact
multiple provinces within a region or islands near each
other. These outbreaks can exhibit localized patterns,
affecting specific areas, or may occur due to larval
recruitment facilitated by water current connectivity.
Also, certain provinces, including Cebu, Batangas,

and Palawan, have experienced recurring outbreak
events in different years. This pattern may be caused
by progressive accumulation of COTS, forming
breeding populations, or localized recruitment from
adjacent reefs or coral communities. However, the lack
of studies on these outbreaks prevents quantification
of this argument.

Another notable pattern is the increase in
the number of reports in particular years. 2006 and
2007 recorded the highest COTS outbreak reports,
supported by Reef Check surveys and reports from
various agencies and publications. Subsequently,
there was another increase in outbreak reports from
2019 to 2022. The rise in COTS outbreaks during
these periods can be attributed to anomalously
elevated temperatures observed in 2005 and 2016.
Historical data from the World Bank Climate Change
Knowledge Portal (2021), spanning from 1901 to
2021, demonstrates a consistent upward trend in
average annual temperatures in the Philippines. This
temperature increase may contribute to favorable
conditions for COTSlarval survival and the subsequent
increase in outbreak events, which may affect more
areas in the country. Similarly, in Japan, historical
data revealed the poleward migration of the COTS
population following the increasing water temperature
in temperate areas of the country, supporting the idea
that global warming may contribute to the increased
occurrence of outbreaks (Yasuda 2018).

Anthropogenic activities also play a crucial
role in the increasing occurrence of outbreaks in
various areas of the country. Most studies on the
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Figure 1. Frequency of COTS outbreaks in the Philippines from 1997 to 2020 from surveys
conducted by Reef Check Foundation [accessed 2022 Jun 2]. Available from data.reefcheck.org.
Numbers denote the number of reefs in outbreak status per year following the outbreak definition

by Fraser et al. (2000).
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causes of COTS outbreaks look at the nutrient runoff
hypothesis as the main driver of this phenomenon.
This hypothesis considers the role of fluctuating water
quality in the sudden population explosion of COTS.
According to Wooldridge and Brodie (2015), the
introduction of nutrient-enriched terrestrial runoff
starts a triggering sequence by promoting elevated
phytoplankton concentration leading to enhanced
COTS larval survival. Given the geographic position
of the Philippines, an average of 20 typhoons visit
the country annually, making river runoft from
higher areas downstream and eventually into the
adjacent sea regular. However, unsustainable practices
in agricultural, industrial, and residential areas
draining water into rivers flowing directly to adjacent
coastal areas deliver a considerable concentration
of nutrients, which may cause an increased risk of
phytoplankton blooms. Dominant anthropogenic
activities in particular areas may also trigger localized
outbreaks. In Boracay island, for instance, which
experienced an outbreak in 2020, poor sewerage and
waste management systems in the island may have led
to increased nutrient inputs into the adjacent coastal
waters, favoring COTS larval survival. In 2016, it
was found that several residential and commercial
establishments on the island are not connected to the
sewerage system, which contributed to the poor water
quality in various areas on the island, particularly in
areas and months with high tourist density (Limates et
al. 2016).

Removal of COTS predators through
overfishing and reef degradation is also believed to
play a role in eruptions. Various species of coral reef
fish and invertebrates have been identified to prey on
COTSinboth planktonic and benthic phases. However,
several of these, such as snappers (Lutjanidae) and
emperors (Lethrinidae), are sought and removed
by fishers (Kroon et al. 2020). Bos et al. (2011)
also documented the polyps of corallimorpharian
species Paracorynactis hoplites to prey on COTS
in the waters of Davao Gulf. Reef degradation and
overfishing have been significant problems in the
Philippines. Over the last decade, approximately one-
third of the country’s hard coral cover has been lost
(Licuanan et al. 2019). Aside from reef degradation,
reef fish diversity in the Philippines also declined
alarmingly. For instance, the Central Visayan Region,
once ranked highest in reef fish diversity, now ranks
lowest in species richness of reef fishes (Nailola et al.
2011). However, Cowan et al. (2017) argued that most
of the invertebrate and fish predators of COTS are not
targeted by fishers and suggested that instead of the

presence of a single species controlling the population
of COTS, the suppression of population explosions
is a product of collective consumptions by several
predators at different life stages of COTS, such as
corals and invertebrates consuming larval COTS, and
fishes and tritons feeding on matured individuals.

Babcock et al. (2016b) suggested that rather
than being triggered by a single cause, outbreaks are
affected by coincident biological and physical factors.
Increased nutrient concentrations in reefs may not
always benefit COTS larval survival. In reefs with
fewer larvae of COTS predators, enriched nutrient
input will benefit COTS larvae since there will be fewer
predators, leading to higher COTS larval survival.
However, in coral reefs with high concentrations of
larvae of COTS predators, enriched nutrient inputs
may be advantageous to these predators, and COTS
larval survival will be low. Further, Agustin and Nafola
(2013) presented that the spatiotemporal abundance
of COTS dramatically relies on environmental
conditions and the availability of their preferred food.
With this, the overall coral reef characteristics and
status contribute to COTS outbreaks by affecting the
availability of habitats for COTS predators and habitat
and food for COTS.

4. Significance of a national COTS outbreak
monitoring database

With the location of the Philippines within
the Coral Triangle, as the center of marine biodiversity,
and the potential threat of COTS outbreaks to the
country’s reefs, the development of an efficient
management control program is crucial. Outbreak
monitoring and population control have been the core
of every COTS management effort. Yearly monitoring
of outbreaks is crucial to evaluating the spatiotemporal
dynamics of outbreaks, evaluating their effects on the
reef, and monitoring how fast or slow a reef recovers
from an outbreak. For instance, in the GBR, long-term
monitoring of COTS outbreaks from its first record
in 1962 revealed the southward pattern of outbreaks,
consistent with ocean current patterns and temperature
changes (CRC Reef Research Centre 2003). Aside
from published studies, news articles, and information
from government and non-government organizations,
there have been no reports of any long-term outbreak
monitoring programs initiated in the Philippines.
Aside from monitoring, population control is also
central to every management effort. Several control
measures by chemical injection were implemented in
the past, such as injecting copper sulfate into COTS
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to kill them (e.g., Johnson et al. 1990). However, this
method requires technical knowledge as copper sulfate
poses risks to the health of other marine life and the
overall ecosystem if used indiscriminately (Bruckner
2013). Currently, the most widely used method is
injecting an acid, sodium bisulfate, into all the arms
of COTS to kill them. Alternatively, Moutardier et al.
(2015) introduced vinegar and lime juice as a faster,
equally effective, and natural alternative method for
killing COTS in the field 12-24 hours post-application.
Bostrom-Einarsson and Rivera-Posada (2016) tested
the same method, effectively killing COTS within
24-48 hours. In the Philippines, de Dios et al. (2015)
revealed that a hypersaline solution effectively kills
COTS within 24 hours, which may serve as a cheaper,
equally effective, and more environment-friendly
alternative to copper sulfate and other potentially
hazardous chemicals used in the past, especially in
developing countries like the Philippines.

Despite the availability of alternative
outbreak control methods, most efforts still rely on
manual extraction of COTS from the reef, where
divers individually remove COTS and then bury them
ashore. Over the years, numerous COTS extraction
efforts have been conducted nationwide. In 2008,
over 30,000 COTS were removed from the reefs of
Green Island Bay, Palawan (Yan 2008). Gubalani
(2022) recently reported that over 175,000 COTS were
extracted from Sarangani Bay from October 2021 to
June 2022. However, manually extracting COTS from
reefs may be counterproductive because COTS may
undergo stress-induced release of gametes by male and
female individuals, leading to high fertilization rates
and even more significant outbreaks. Also, multiple
site visits and removal programs should be done
regularly since not all individuals can be collected and
killed in one collection session (Fabricius 2013).

Efficient COTS management programs
require the involvement of all stakeholders, from
government agencies, academic institutions, and
the people directly or indirectly benefiting from the
reefs. The Department of Environment and Natural
Resources (DENR), with Executive Order No. 192
s. 1987, mandating it to conserve and manage the
country’s environment and natural resources will
be essential in leading a national program on the
management of COTS in the country. The publication
of the 2020 memorandum of DENR-BMB on the
preliminary guidance for COTS outbreaks is a
significant development toward developing a national
COTS outbreak management program. Partnerships
between the Philippine government and academic
institutions will be essential in establishing and

implementing science-based standardized methods
for outbreak monitoring, reporting, databasing,
and population control of COTS, and educating all
stakeholders on the biology and ecology of COTS,
triggers of outbreaks, and the overall effects of these
outbreaks to the reefs and the economy, and raise
awareness, especially in coastal communities, which
are direct managers of the country’s reefs.

Given the extent of the Philippine reefs
and the limited resources, monitoring and reporting
outbreaks will be challenging. Citizen science is a
promising approach in the long term and consistent
monitoring and reporting of outbreaks, especially
those in more remote locations, by increasing efforts
to raise awareness and monitoring for incidences.
For instance, in the South Pacific islands of Fiji,
Vanuatu, and New Caledonia, private individuals,
fishers, and coastal residents who often come across
COTS due to their livelihoods accounted for 50.9%
of the total reports across these countries. NGOs,
research organizations, and small business operators
contributed 43% of the reports, while government
agencies reported COTS sightings at a rate of 6.2%. In
certain areaslike the Vanuatuan island Efate, extraction
programs were made possible on a community level
by NGOs and private businesses as permitted by the
central government (Dumas et al. 2020). The case of
Romblon Island also emphasizes the importance of
citizen science in COTS management. With the help
of the Sentro para sa Ikauunlad ng Katutubong Agham
at Teknolohiya (SIKAT - Center for the Development
of Indigenous Science and Technology) in educating
fishers of coastal communities of Romblon on the
nature of COTS outbreaks and its correlation on the
reef’s overall health. The citizen scientists were able
to extract 20,000 COTS from their reefs from 2006
to 2007 (Dugan 2013). However, the efficiency of the
citizen science approach lies on the proper education
of citizen scientists on the nature of outbreaks, correct
timing of COTS extraction, proper and standardized
monitoring and reporting, and management
methodologies.

Given the potential detrimental consequences
of COTS outbreaks, the establishment of a national
COTS management and control strategy should be
devised. Figure 2 presents four recommendations on
the management of COTS outbreaks and the roles of
each stakeholder. The national COTS management
and monitoring system should be composed of four
focal functions including: (1) Education campaign
on the effects of COTS on coral communities,
reefs, the coastal communities, and the country;
(2) Strengthening basic research on the biology
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Figure 2. Recommendations on establishing a national COTS management strategy showing its
quadrifocal functions. Each quadrant denotes one function. Stakeholders transecting multiple

quadrants indicate roles in multiple functions.

and ecology of the Philippine COTS; (3) Capacity
building of citizen scientists, local government units
(LGUs), non-government organizations (NGOs),
and other private entities (e.g., resorts and dive
shops) in COTS monitoring, outbreak reporting and
management; and (4) Establishing a national database
on COTS monitoring and management including
a streamlined system from reporting of outbreaks,
population control, up to monitoring for potential
future outbreaks. The DENR-BMB, being the primary
agency for the conservation of coastal biodiversity,
should head the program, and take part in population
control, education campaign, and research. Filipino
scientists and the National Fisheries Research and
Development Institute (NFRDI) should further
strengthen basic research on the Philippine COTS
bridging gaps in the biology and ecology of COTS
and triggers of outbreaks, which will immensely help
in the formation and continuous improvement of the
country’s COTS management program. Lastly, citizen
scientists, private entities, NGOs, together with LGUs
and local DENR arms will be instrumental in constant
monitoring, reporting, and population control of
outbreaks.

5. Conclusion and future perspectives

Given the extent of the Philippine reefs
and the limited resources, monitoring and reporting
outbreaks will be challenging. Citizen science is a
promising approach in the long term and consistent
monitoring and reporting of outbreaks, especially
those in more remote locations, by increasing efforts
to raise awareness and monitoring for incidences.
For instance, in the South Pacific islands of Fiji,
Vanuatu, and New Caledonia, private individuals,
fishers, and coastal residents who often come across
COTS due to their livelihoods accounted for 50.9%
of the total reports across these countries. NGOs,
research organizations, and small business operators
contributed 43% of the reports, while government
agencies reported COTS sightings at a rate of 6.2%. In
certain areas like the Vanuatuan island Efate, extraction
programs were made possible on a community level
by NGOs and private businesses as permitted by the
central government (Dumas et al. 2020). The case of
Romblon Island also emphasizes the importance of
citizen science in COTS management. With the help
of the Sentro para sa Ikauunlad ng Katutubong Agham
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at Teknolohiya (SIKAT - Center for the Development
of Indigenous Science and Technology) in educating
fishers of coastal communities of Romblon on the
nature of COTS outbreaks and its correlation on the
reef’s overall health. The citizen scientists extracted
20,000 COTS from their reefs from 2006 to 2007
(Dugan 2013). However, the efficiency of the citizen
science approach lies in the proper education of citizen
scientists on the nature of outbreaks, correct timing of
COTS extraction, proper and standardized monitoring
and reporting, and management methodologies.
Given the potential detrimental consequences
of COTS outbreaks, a national COTS management
and control strategy should be established. Figure 2
presents four recommendations for the management
of COTS outbreaks and the roles of each stakeholder.
The national COTS management and monitoring
system should be composed of four focal functions
including: (1) Education campaign on the effects
of COTS on coral communities, reefs, the coastal
communities, and the country; (2) Strengthening basic
research on the biology and ecology of the Philippine
COTS; (3) Capacity building of citizen scientists,
local government units (LGUs), non-government
organizations (NGOs), and other private entities
(e.g., resorts and dive shops) in COTS monitoring,
outbreak reporting and management; and (4)
Establishing a national database on COTS monitoring
and management including a streamlined system
from reporting of outbreaks, population control, up to
monitoring for potential future outbreaks. The DENR-
BMB, being the primary agency for the conservation
of coastal biodiversity, should head the program and
take part in population control, education campaigns,
and research. Filipino scientists and the National
Fisheries Research and Development Institute
(NFRDI) should further strengthen basic research
on the Philippine COTS, bridging gaps in the biology
and ecology of COTS and triggers of outbreaks, which
will immensely help in the formation and continuous
improvement of the country’s COTS management
program. Lastly, citizen scientists, private entities,
and NGOs, together with LGUs, and local DENR
arms, will be instrumental in constant monitoring,
reporting, and population control of outbreaks.
Finally, it should be emphasized that efficient
management of COTS outbreaks is not only limited to
the killing or extraction of adult individuals from reefs.
It involves a nexus of interdependent factors, including
knowledge of the biology and ecology of COTS, the
nature and triggers of outbreaks, efficient monitoring,
reporting, and population control methodologies,
and the involvement of all stakeholders (Figure 2).

Initiatives from government and academic institutions
will be crucial in conducting research on the biology
and ecology of COTS and developing science-based
standardized methods for outbreak monitoring,
reporting, databasing, and population control of
COTS. At the same time, a citizen science approach
is a promising tool for long-term and consistent
monitoring and reporting of outbreaks across the
country, especially in remote areas. Establishing a
national database for COTS outbreaks will serve as
a baseline for implementing an efficient long-term
management strategy for COTS in the country.

ACKNOWLEDGMENT

The authors extend their sincerest gratitude
to the Reef Check Foundation, its chapters, and the
volunteers who have spent countless hours collecting
this data. This publication would not have been
possible without their contribution.

AUTHOR CONTRIBUTIONS

Nicolas JE: Conceptualization,
Methodology, Writing — Original draft preparation,
review and editing, Visualization. Pepingco VALO:
Conceptualization, Methodology, Data gathering,
Writing - Original draft preparation. Vince Cruz-
Abeledo CC: Conceptualization, Data gathering,
Writing - review and editing, Supervision.

CONFLICTS OF INTEREST

The authors declare no known competing
financial interests or personal relationships that could
have appeared to influence the work reported in this

paper.
REFERENCES

Aguirre J. 2022. Divers race to avert crown-of-thorns
starfish outbreak in Boracay waters. [accessed
2022 Aug 25]. https://www.rappler.com/
environment/nature/divers-race-avert-crown-
of-thorns-starfish-outbreak-boracay-aklan/

Aguirre JN. 2020. In picturesque Boracay, a crown-
of-thorns infestation is eating away at the
reef. [accessed 2022 Aug 25]. https://news.
mongabay.com/2020/07/in-picturesque-
boracay-a-crown-of-thorns-infestation-is-
eating-away-at-the-reef/


https://www.rappler.com/environment/nature/divers-race-avert-crown-of-thorns-starfish-outbreak-boracay-aklan/
https://www.rappler.com/environment/nature/divers-race-avert-crown-of-thorns-starfish-outbreak-boracay-aklan/
https://www.rappler.com/environment/nature/divers-race-avert-crown-of-thorns-starfish-outbreak-boracay-aklan/
https://news.mongabay.com/2020/07/in-picturesque-boracay-a-crown-of-thorns-infestation-is-eating-away-at-the-reef/
https://news.mongabay.com/2020/07/in-picturesque-boracay-a-crown-of-thorns-infestation-is-eating-away-at-the-reef/
https://news.mongabay.com/2020/07/in-picturesque-boracay-a-crown-of-thorns-infestation-is-eating-away-at-the-reef/
https://news.mongabay.com/2020/07/in-picturesque-boracay-a-crown-of-thorns-infestation-is-eating-away-at-the-reef/

Five Decades Behind the Limelight: Crown-Of-Thorns Sea Star Outbreaks Razing the Already Ailing Philippine Reefs

Agustin RB, Naiola CL. 2013. Spatio-temporal
Distribution and Abundance of Crown-of-
Thorns Starfish (Acanthaster planci L.) in
Three Marine Protected Areas (MPAs) around
the Island Garden City of Samal, Philippines.
BANWA. 10(1):33-49.

Alcala AC. 1976. Population densities of the Crown-
of-Thorns Starfish in two Philippine Reefs.
Silliman Journal. 23:279-287.

Alibon RD, Madjos GG. 2019. Bioecology of the
corallivorous  Acanthaster planci  (crown
of thorns seastar) in the coastal areas of
Dimataling, Zamboanga del Sur, Mindanao,
Philippines. International Journal of Life
Science. 7(3):467-482.

Alibon RD, Madjos GG. 2020. Size structure and
preyed corals of Acanthaster planci (crown-of-
thorns sea star) in Lungui Island, Dimataling,
Southern Philippines. Environmental and
Experimental Biology. 18:135-141. https://doi.
org/10.22364/eeb.18.13

Andringa-Davis A. 2016. Crown-of-thorn starfish
removal in Siquijor. [Accessed 25 Aug 2022].
https://www.marineconservationphilippines.
org/crown-thorn-starfish-removal-siquijor/

Babcock RC, Mundy CN, Whitehead D. 1994. Sperm
diffusion models and in situ confirmation of
long-distance fertilization in the free-spawning
asteroid Acanthaster planci. Biological Bulletin.
186(1):17-28.

Babcock RC, Milton DA, Pratchett MS. 2016a.
Relationships between size and reproductive
output in the crown-of-thorns starfish. Mar
Biol. 163:234. https://doi.org/10.1007/s00227-
016-3009-5

Babcock RC, Dambacher JM, Morello EB, Plaganyi
EE, Hayes KR, Sweatman HP, Pratchett MS.
2016b. Assessing Different Causes of Crown-
of-Thorns Starfish Outbreaks and Appropriate
Responses for Management on the Great
Barrier Reef. PLoS ONE. 11(12): e0169048.
https://doi.org/10.1371/journal.pone.0169048

Benliro IMP, Bothe CII, Sonder K, Szinicz G, Cesar SA,
Schoppe S. 1999. Status of shallow reefs around

Apid Island, Inopacan, Leyte, Philippines.
Annals of Tropical Research. 21:54-66.

Birkeland C, Lucas J. 1990. Acanthaster planci: major
management problem of coral reefs. CRC
press.

Bonachita B. 2022. Locals, advocates race to protect
reefs in Panaon Island. [accessed 25 Aug 2022].
https://www.rappler.com/environment/locals-
advocates-race-protect-reefs-panaon-island/

Bos AR. 2009. Crown-of-thorns Outbreak at the
Tubbataha Reefs UNESCO World Heritage
Site. Zoological Studies. p. 124.

Bos AR, Gumanao GS, Mueller B. 2011. Feeding
biology and symbiotic relationships of the
corallimorpharian  Paracorynactis  hoplites
(Anthozoa: Hexacorallia). Raffles Bull Zool.
59(2):245-250.

Bos AR, Gumanao GS, Mueller B, Saceda-Cardoza
MME. 2013. Management of crown-of-thorns
sea star (Acanthaster planci L.) outbreaks:
Removal success depends on reef topography
andtimingwithinthereproductioncycle. Ocean
and coastal management. 71:116-122. https://
doi.org/10.1016/j.ocecoaman.2012.09.011

Bostrom-Einarsson L, Rivera-Posada J. 2016.
Controlling outbreaks of the coral-eating
crown-of-thorns starfish using a single
injection of common household vinegar. Coral
Reefs 35:223-228. https://doi.org/10.1007/
s00338-015-1351-6

Bruckner AW. 2013. Mitigating the impacts of an
Acanthaster planci (crown-of-thorns starfish,
COTS) outbreak on coral reefs in Aitutaki,
Cook Islands. Khaled bin Sultan Living Oceans
Foundation Publication # 9. Landover MD,
USA. pp. 33.

Caballes CE, Byrne M, Messmer V, Pratchett MS. 2021.
Temporal variability in gametogenesis and
spawning patterns of crown-of-thorns starfish
within the outbreak initiation zone in the
northern Great Barrier Reef. Marine Biology.
168:13.  https://doi.org/10.1007/s00227-020-
03818-3


https://doi.org/10.22364/eeb.18.13
https://doi.org/10.22364/eeb.18.13
https://www.marineconservationphilippines.org/crown-thorn-starfish-removal-siquijor/
https://www.marineconservationphilippines.org/crown-thorn-starfish-removal-siquijor/
https://doi.org/10.1007/s00227-016-3009-5
https://doi.org/10.1007/s00227-016-3009-5
https://doi.org/10.1371/journal.pone.0169048
https://www.rappler.com/environment/locals-advocates-race-protect-reefs-panaon-island/
https://www.rappler.com/environment/locals-advocates-race-protect-reefs-panaon-island/
https://doi.org/10.1016/j.ocecoaman.2012.09.011
https://doi.org/10.1016/j.ocecoaman.2012.09.011
https://doi.org/10.1007/s00338-015-1351-6
https://doi.org/10.1007/s00338-015-1351-6
https://doi.org/10.1007/s00227-020-03818-3
https://doi.org/10.1007/s00227-020-03818-3

Nicolas et al. / The Philippine Journal of Fisheries 31(1): 1-16

[CENRO Zambales] Community Environment and
Natural Resources Office. 2021a. Crown-of-
thorns extraction and population control in
Taclobo Farm MPA. 1st Quarter. Masinloc,
Zambales: Community Environment and
Natural Resources Office.

[CENRO Zambales] Community Environment and
Natural Resources Office. 2021b. Crown-of-
thorns extraction and population control in
Taclobo Farm MPA. 2nd Quarter. Masinloc,
Zambales: Community Environment and
Natural Resources Office.

[CENRO Zambales] Community Environment and
Natural Resources Office. 2021c. Crown-of-
thorns extraction and population control in
Taclobo Farm MPA. 3rd Quarter. Masinloc,
Zambales: Community Environment and
Natural Resources.

[CENRO Zambales] Community Environment and
Natural Resources Office. 2021d. Crown-of-
thorns extraction and population control in
Taclobo Farm MPA. 4th Quarter. Masinloc,
Zambales: Community Environment and
Natural Resources Office.

[CENRO Zambales] Community Environment and
Natural Resources Office. 2022a. Crown-of-
thorns extraction and population control in
Taclobo Farm MPA. 1st Quarter. Masinloc,
Zambales: Community Environment and
Natural Resources Office.

[CENRO Zambales] Community Environment and
Natural Resources Office. 2022b. Crown-of-
thorns extraction and population control in
Taclobo Farm MPA. 1st Quarter. Masinloc,
Zambales: Community Environment and
Natural Resources Office.

Cowan ZL, Prachett M, Messmer V, Ling S. 2017.
Known Predators of Crown-of-Thorns Starfish
(Acanthaster spp.) and Their Role in Mitigating,
If Not Preventing, Population Outbreaks.
Diversity.  9(1):7.  https://doi.org/10.3390/
d9010007

CRC Reef Research Centre. 2003. Crown-of-thorns
starfish on the Great Barrier Reef: Current state
of knowledge. CRC Reef Research Center Ltd.

Dalongeville A. 2019 Assessment of Crown-of-
thorns (dap-ag) seastar population around
the island of Malapascua, Daanbantayan,
Philippines. Cebu: People and the Sea.

de Dios HHY, Dy DT, Sotto FB. 2014. Abundance
and size structure of an Acanthaster planci
population (Echinodermata: Asteroidea) in
Sogod Bay, Southern Leyte, Philippines. Asia
Life Sciences. 23(1):65-73.

de Dios HHY, Sotto E 2015. Crown-of-thorns starfish
(Acanthaster ~ planci) population control
technique and management strategies designed
for developing country. J Sci, Eng Tech. 3:1-20

de Dios HHY, Sotto FB, Dy DT, Ilano AS.
2015. Response of Acanthaster planci
(Echinodermata: Asteroidea) to hypersaline
solution: Its potential application to population
control. Galaxea, Journal of Coral Reef Studies.
17:23-30.

[DENR-BMB] Department of Environment and
Natural Resources - Biodiversity Management
Bureau. 2020. Preliminary guidance for
Crown-of-thorns (COTS) outbreaks.

[DENR CALABARZON] Department of Environ-
ment and Natural Resources CALABARZON.
2022a. DENR Calabarzon, Mabini and Tingloy
LGU, conducts extraction of COTS outbreak
in Verde Island Passage. [Accessed 2022 Aug
23]. https://www.denr.gov.ph/index.php/news-
events/regional-releases/3848-denr-calabar-
zon-mabini-and-tingloy-Igu-conducts-extrac-
tion-of-cots-outbreak-in-verde-island-pas-
sage?highlight=WyJjcm93bilsIm9mIiwidGh-
vem5zliwic3RhemZpc2giLCJjem93biBvZilsI-
mNyb3dulG9mIHRob3Jucylsim9mIHRob-
3JucylsIm9mIHRob3JucyBzdGFyZmlzaCls-
InRob3JucyBzdGFyZmlzaCJd.

[DENR CALABARZON] Department of Environment
and Natural Resources CALABARZON. 2022b.
Scubasurero and COTS collection activity
conducted in celebration of world oceans day
and coral triangle initiatives. [Accessed 23
Aug 2022]. https://calabarzon.denr.gov.ph/
index.php/news-events/photo-releases/2517-
scubasurero-and-cots-collection-activity-
conducted-in-celebration-of-world-oceans-


https://doi.org/10.3390/d9010007
https://doi.org/10.3390/d9010007
https://www.denr.gov.ph/index.php/news-events/regional-releases/3848-denr-calabarzon-mabini-and-tingloy-lgu-conducts-extraction-of-cots-outbreak-in-verde-island-passage?highlight=WyJjcm93biIsIm9mIiwidGhvcm5zIiwic3RhcmZpc2giLCJjcm93biBvZiIsImNyb3duIG9mIHRob3JucyIsIm9mIHRob3JucyIsIm9mIHRob3JucyBzdGFyZmlzaCIsInRob3JucyBzdGFyZmlzaCJd
https://www.denr.gov.ph/index.php/news-events/regional-releases/3848-denr-calabarzon-mabini-and-tingloy-lgu-conducts-extraction-of-cots-outbreak-in-verde-island-passage?highlight=WyJjcm93biIsIm9mIiwidGhvcm5zIiwic3RhcmZpc2giLCJjcm93biBvZiIsImNyb3duIG9mIHRob3JucyIsIm9mIHRob3JucyIsIm9mIHRob3JucyBzdGFyZmlzaCIsInRob3JucyBzdGFyZmlzaCJd
https://www.denr.gov.ph/index.php/news-events/regional-releases/3848-denr-calabarzon-mabini-and-tingloy-lgu-conducts-extraction-of-cots-outbreak-in-verde-island-passage?highlight=WyJjcm93biIsIm9mIiwidGhvcm5zIiwic3RhcmZpc2giLCJjcm93biBvZiIsImNyb3duIG9mIHRob3JucyIsIm9mIHRob3JucyIsIm9mIHRob3JucyBzdGFyZmlzaCIsInRob3JucyBzdGFyZmlzaCJd
https://www.denr.gov.ph/index.php/news-events/regional-releases/3848-denr-calabarzon-mabini-and-tingloy-lgu-conducts-extraction-of-cots-outbreak-in-verde-island-passage?highlight=WyJjcm93biIsIm9mIiwidGhvcm5zIiwic3RhcmZpc2giLCJjcm93biBvZiIsImNyb3duIG9mIHRob3JucyIsIm9mIHRob3JucyIsIm9mIHRob3JucyBzdGFyZmlzaCIsInRob3JucyBzdGFyZmlzaCJd
https://www.denr.gov.ph/index.php/news-events/regional-releases/3848-denr-calabarzon-mabini-and-tingloy-lgu-conducts-extraction-of-cots-outbreak-in-verde-island-passage?highlight=WyJjcm93biIsIm9mIiwidGhvcm5zIiwic3RhcmZpc2giLCJjcm93biBvZiIsImNyb3duIG9mIHRob3JucyIsIm9mIHRob3JucyIsIm9mIHRob3JucyBzdGFyZmlzaCIsInRob3JucyBzdGFyZmlzaCJd
https://www.denr.gov.ph/index.php/news-events/regional-releases/3848-denr-calabarzon-mabini-and-tingloy-lgu-conducts-extraction-of-cots-outbreak-in-verde-island-passage?highlight=WyJjcm93biIsIm9mIiwidGhvcm5zIiwic3RhcmZpc2giLCJjcm93biBvZiIsImNyb3duIG9mIHRob3JucyIsIm9mIHRob3JucyIsIm9mIHRob3JucyBzdGFyZmlzaCIsInRob3JucyBzdGFyZmlzaCJd
https://www.denr.gov.ph/index.php/news-events/regional-releases/3848-denr-calabarzon-mabini-and-tingloy-lgu-conducts-extraction-of-cots-outbreak-in-verde-island-passage?highlight=WyJjcm93biIsIm9mIiwidGhvcm5zIiwic3RhcmZpc2giLCJjcm93biBvZiIsImNyb3duIG9mIHRob3JucyIsIm9mIHRob3JucyIsIm9mIHRob3JucyBzdGFyZmlzaCIsInRob3JucyBzdGFyZmlzaCJd
https://www.denr.gov.ph/index.php/news-events/regional-releases/3848-denr-calabarzon-mabini-and-tingloy-lgu-conducts-extraction-of-cots-outbreak-in-verde-island-passage?highlight=WyJjcm93biIsIm9mIiwidGhvcm5zIiwic3RhcmZpc2giLCJjcm93biBvZiIsImNyb3duIG9mIHRob3JucyIsIm9mIHRob3JucyIsIm9mIHRob3JucyBzdGFyZmlzaCIsInRob3JucyBzdGFyZmlzaCJd
https://www.denr.gov.ph/index.php/news-events/regional-releases/3848-denr-calabarzon-mabini-and-tingloy-lgu-conducts-extraction-of-cots-outbreak-in-verde-island-passage?highlight=WyJjcm93biIsIm9mIiwidGhvcm5zIiwic3RhcmZpc2giLCJjcm93biBvZiIsImNyb3duIG9mIHRob3JucyIsIm9mIHRob3JucyIsIm9mIHRob3JucyBzdGFyZmlzaCIsInRob3JucyBzdGFyZmlzaCJd
https://calabarzon.denr.gov.ph/index.php/news-events/photo-releases/2517-scubasurero-and-cots-collection-activity-conducted-in-celebration-of-world-oceans-day-and-coral-triangle-initiative?highlight=WyJjb3RzIl0
https://calabarzon.denr.gov.ph/index.php/news-events/photo-releases/2517-scubasurero-and-cots-collection-activity-conducted-in-celebration-of-world-oceans-day-and-coral-triangle-initiative?highlight=WyJjb3RzIl0
https://calabarzon.denr.gov.ph/index.php/news-events/photo-releases/2517-scubasurero-and-cots-collection-activity-conducted-in-celebration-of-world-oceans-day-and-coral-triangle-initiative?highlight=WyJjb3RzIl0
https://calabarzon.denr.gov.ph/index.php/news-events/photo-releases/2517-scubasurero-and-cots-collection-activity-conducted-in-celebration-of-world-oceans-day-and-coral-triangle-initiative?highlight=WyJjb3RzIl0

Five Decades Behind the Limelight: Crown-Of-Thorns Sea Star Outbreaks Razing the Already Ailing Philippine Reefs

day-and-coral-triangle-initiative?highlight-
=WyJjb3RzIl0=

DeVantier L, Turak E. 2017. Species richness and
relative abundance of reef-building corals
in the Indo-West Pacific. Diversity. 9(3):25.
https://doi.org/10.3390/d9030025

Dimzon JC, Napala JJO, Tomol RP, Pantoja D, Almine
NM, Tuang-tuang JC, Baclayon DP. 2021.
Crown of Thorns Starfish (COTS) outbreaks
in Sogod Bay, Southern Leyte Philippines.
[abstract] In: Philippines Association of Marine
Science (PAMS) Inc.16th National Symposium
of Marine Science. July 22-24, 2021. Butuan
City, Philippines. p.87.

Dugan C. 2013. Using a Crown-of-thorns outbreak
as an opportunity to teach conservation. Case
Studies of Social-Ecological Resilience in
Island Systems. Center for Biodiversity and
Conservation, American Museum of Natural
History.

Dumas P, Fiat S, Durbano A, Peignon C, Mou-Tham G,
Ham J, Gereva S, Kaku R, Chateau O, Wantiez
L, et al. 2020. Citizen science, a promising tool
for detecting and monitoring outbreaks of the
crown-of-thorns starfish Acanthaster spp. Sci
Rep. 10:291. https://doi.org/10.1038/s41598-
019-57251-8

Endean R, Chesher RH. 1973. Temporal and spatial
distribution of Acanthaster planci population
explosions in the Indo-West Pacific region.
Biological Conservation. 5(2):87-95. https://
doi.org/10.1016/0006-3207(73)90084-0

Fabricius K. 2013. Acanthaster planci. In: Lawrence
JM, editor. Starfish: Biology and Ecology of the
Asteroidea. 132. The Johns Hopkins University
Press.

Fraser N, Crawford BR, Kusen J. 2000. Best practices
guide crown-of-thorns clean-ups. Proyek
Pesisir Special Publication. Coastal Resources
Center Management Report #2225. Rhode
Island: Coastal Resources Center, University of
Rhode Island.

Gonzales E. 2019. Group of scuba divers fear Crown
of Thorns starfish outbreak in Talisay, Cebu.
[Accessed 2022 Aug 26]. https://mb.com.

ph/2019/12/27/group-of-scuba-divers-fear-
crown-of-thorns-starfish-outbreak-in-talisay-
cebu/

Gubalani R. 2022. Crown-of-thorns’ starfish threatens

Sarangani towns marine life. [Accessed
2022 Aug 26]. https://www.pna.gov.ph/
articles/1176908

Haines L. 2015. The dietary preferences, depth
range, and size of the crown of thorns starfish
(Acanthaster spp.) on the coral reefs of Kah
Tao, Thailand. New Heaven Reef Conservation
Program. pp. 1-38.

Haszprunar G, Spies M. 2014. An integrative approach
of the crown-of-thorns starfish species group
(Asteroidea: Acanthaster): A review of names
and comparison to recent molecular data.
Zootaxa. 3841(2):271-284. https://doi.
org/10.11646/zootaxa.3841.2.6

Haszprunar G, Vogler C, Worheide G. 2017.
Persistent gaps of knowledge for naming and
distinguishing multiple species of crown-of-
thorns-seastar in the Acanthaster planci species
complex. Diversity. 9(22):1-10. https://doi.
org/10.3390/d9020022

Hue T, Chateau O, Lecellier G, Kayal M, Lanos
N, Gossuin H, Adjeroud M, Dumas P.
2020. Temperature affects the reproductive
outputs of coral-eating starfish Acanthaster
spp. after adult exposure to near-future
ocean warming and acidification. Marine
Environmental Research. 162:105164. https://
doi.org/10.1016/j.marenvres.2020.105164

IThama Y, Fukasawa M, Ninomiya K, Kawakami

Y, Nagai T, Fuke C, Miyazaki T. 2014.

Anaphylactic shock caused by sting of crown-

of-thorns starfish  (Acanthaster  planci).

Forensic Science International. 236:e5-e8.

https://doi.org/10.1016/j.forsciint.2014.01.001

Johnson DB, Moran PJ, Driml S. 1990. Evaluation of
a crown-of-thorns starfish (Acanthaster planci)
control program at Grub Reef (Central Great
Barrier Reef). Coral Reefs. 9(3):167-171.
https://doi.org/10.1007/bf00258231

Keesing JK. 2021. Optimal Foraging Theory Explains
Feeding Preferences in the Western Pacific


https://calabarzon.denr.gov.ph/index.php/news-events/photo-releases/2517-scubasurero-and-cots-collection-activity-conducted-in-celebration-of-world-oceans-day-and-coral-triangle-initiative?highlight=WyJjb3RzIl0
https://calabarzon.denr.gov.ph/index.php/news-events/photo-releases/2517-scubasurero-and-cots-collection-activity-conducted-in-celebration-of-world-oceans-day-and-coral-triangle-initiative?highlight=WyJjb3RzIl0
https://doi.org/10.3390/d9030025
https://doi.org/10.1038/s41598-019-57251-8
https://doi.org/10.1038/s41598-019-57251-8
https://doi.org/10.1016/0006-3207(73)90084-0
https://doi.org/10.1016/0006-3207(73)90084-0
https://mb.com.ph/2019/12/27/group-of-scuba-divers-fear-crown-of-thorns-starfish-outbreak-in-talisay-cebu/
https://mb.com.ph/2019/12/27/group-of-scuba-divers-fear-crown-of-thorns-starfish-outbreak-in-talisay-cebu/
https://mb.com.ph/2019/12/27/group-of-scuba-divers-fear-crown-of-thorns-starfish-outbreak-in-talisay-cebu/
https://mb.com.ph/2019/12/27/group-of-scuba-divers-fear-crown-of-thorns-starfish-outbreak-in-talisay-cebu/
https://www.pna.gov.ph/articles/1176908
https://www.pna.gov.ph/articles/1176908
https://doi.org/10.11646/zootaxa.3841.2.6
https://doi.org/10.11646/zootaxa.3841.2.6
https://doi.org/10.3390/d9020022
https://doi.org/10.3390/d9020022
https://doi.org/10.1016/j.marenvres.2020.105164
https://doi.org/10.1016/j.marenvres.2020.105164
https://doi.org/10.1016/j.forsciint.2014.01.001
https://doi.org/10.1007/bf00258231

Nicolas et al. / The Philippine Journal of Fisheries 31(1): 1-16

Crown-of-Thorns Sea Star Acanthaster sp. The
Biological Bulletin. 241(3):303-329. https://
doi.org/10.1086/718141

Kroon FJ, Lefévre CD, Doyle JR, Patel F, Milton
G, Severati A, Kenway M, Johansson CL,
Schnebert S, Thomas-Hall P, et al. 2020.
DNA-based identification of predators of
the corallivorous Crown-of-Thorns Starfish
(Acanthaster cf. solaris) from fish faeces and
gut contents. Sci Rep. 10(1):18807. https://doi.
org/10.1038/s41598-020-75953-2

Laririt P. 2021. El Nido tourism workers join forces
against crown-of-thorns. [Accessed 2022 Aug
26]. https://www.rappler.com/nation/el-nido-
tourism-workers-crown-of-thorns/

Lena P. 2019. Antique town needs help in wake of
crown of thorns infestation. https://www.pna.
gov.ph/articles/1075445

Licuanan WY, Robles R, Dygico M, Songco A,
van Woesik R. 2017. Coral benchmarks in
the center of biodiversity. Mar Pollut Bull
114(2):1135-1140. https://doi.org/10.1016/].
marpolbul.2016.10.017

Licuanan WY, Robles R, Reyes M. 2019. Status and
recent trends in coral reefs of the Philippines.
Mar Pollut Bull. 142:544-550. https://doi.
org/10.1016/j.marpolbul.2019.04.013

Limates V, Cuevas V, Benigno E. 2016. Water Quality
and Nutrient Loading in the Coastal Waters
of Boracay Island, Malay, Aklan, Central,
Philippines. Journal of Environmental
Science and Management. (2). https://doi.
org/10.47125/jesam/2016_sp2/02

Magdaong ET, Yamano H, Fujii M. 2014. Development
of a Large-Scale, Long-Term Coral Cover and
Disturbance Database in the Philippines. In:
Nakano Si, Yahara T, Nakashizuka T, editors.
Integrative Observations and Assessments.
Ecological Research Monograph. Tokyo:
Springer.  https://doi.org/10.1007/978-4-431-
54783-9_5

Mayuga JL. 2021. Saving corals: Batangas dive spots
under siege. [accessed 2022 Aug 20]. https://
businessmirror.com.ph/2021/06/06/saving-
corals-batangas-dive-spots-under-siege/

Miasco MB. 2019. Crown-of-thorns starfish ‘Dap-ag’
outbreak seen in 14 areas. [accessed 2022 Aug
27].  https://www.philstar.com/the-freeman/
cebu-news/2019/04/05/1907490/crown-
thorns-starfish-dap-ag-outbreak-seen-14-
areas

Moran P. 1988. The Acanthaster phenomenon.
Australian Institute of Marine Science
Monograph Series. 7:379-480.

Moutardier G, Gereva S, Mills SC, Adjeroud M,
Beldade R, Ham J, Kaku R, Dumas P. 2015.
Lime juice and vinegar injections as a cheap and
natural alternative to control cots outbreaks.
PLoS ONE. 10(9): e0137605. https://doi.
org/10.1371/journal.pone.0137605

Naiola CL, Alinio PM, Carpenter KE. 2011.
Exploitation-related ~ reef  fish  species
richness depletion in the epicenter of marine
biodiversity. Environmental Biology of Fishes.
90(4):405-420. https://doi.org/10.1007/
s10641-010-9750-6

Pearson RG, Endean R. 1969. A preliminary study
of the coral predator Acanthaster planci
(L.) (Asteroidea) on the Great Barrier Reef.
Fisheries Notes. 3:27-55.

Pratchett MS, Caballes CF, Cvitanovic C, Raymundo
ML, Babcock RC, Bonin MC, Bozec YM, Burn
D, Byrne M, Castro-Sanguino C, et al. 2021.
Knowledge gaps in the biology, ecology, and
management of the Pacific crown-of-thorns
sea star Acanthaster sp. on Australia's Great
Barrier Reef. Biol Bull. 241(3):330-346. https://
doi.org/10.1086/717026

Pratchett MS, Caballes CF Rivera-Posada JA,
Sweatman HPA. 2014. Limits to understanding
and managing outbreaks of Crown-of-thorns
starfish (Acanthaster spp.). Oceanogr. Mar Biol
Ann Rev. 52:133-200. https://doi.org/10.1201/
b17143-4

Pratchett MS. 2001. Influence of coral symbionts on
feeding preferences of crown-of-thorns starfish
Acanthaster planci in the western Pacific.
Marine Ecology Progress Series. 214:111-119.

Rabe ME. 2013. Crown of Thorns outbreak found in
Batangas. [Accessed 2022 Aug 22]. https://


https://doi.org/10.1038/s41598-020-75953-2
https://doi.org/10.1038/s41598-020-75953-2
https://www.rappler.com/nation/el-nido-tourism-workers-crown-of-thorns/
https://www.rappler.com/nation/el-nido-tourism-workers-crown-of-thorns/
https://www.pna.gov.ph/articles/1075445
https://www.pna.gov.ph/articles/1075445
https://doi.org/10.1016/j.marpolbul.2016.10.017
https://doi.org/10.1016/j.marpolbul.2016.10.017
https://doi.org/10.1016/j.marpolbul.2019.04.013
https://doi.org/10.1016/j.marpolbul.2019.04.013
https://doi.org/10.47125/jesam/2016_sp2/02
https://doi.org/10.47125/jesam/2016_sp2/02
https://doi.org/10.1007/978-4-431-54783-9_5
https://doi.org/10.1007/978-4-431-54783-9_5
https://businessmirror.com.ph/2021/06/06/saving-corals-batangas-dive-spots-under-siege/
https://businessmirror.com.ph/2021/06/06/saving-corals-batangas-dive-spots-under-siege/
https://businessmirror.com.ph/2021/06/06/saving-corals-batangas-dive-spots-under-siege/
https://www.philstar.com/the-freeman/cebu-news/2019/04/05/1907490/crown-thorns-starfish-dap-ag-outbreak-seen-14-areas
https://www.philstar.com/the-freeman/cebu-news/2019/04/05/1907490/crown-thorns-starfish-dap-ag-outbreak-seen-14-areas
https://www.philstar.com/the-freeman/cebu-news/2019/04/05/1907490/crown-thorns-starfish-dap-ag-outbreak-seen-14-areas
https://www.philstar.com/the-freeman/cebu-news/2019/04/05/1907490/crown-thorns-starfish-dap-ag-outbreak-seen-14-areas
https://doi.org/10.1371/journal.pone.0137605
https://doi.org/10.1371/journal.pone.0137605
https://doi.org/10.1007/s10641-010-9750-6
https://doi.org/10.1007/s10641-010-9750-6
https://doi.org/10.1086/717026
https://doi.org/10.1086/717026
https://doi.org/10.1201/b17143-4
https://doi.org/10.1201/b17143-4
https://newsinfo.inquirer.net/418143/crown-of-thorns-outbreak-found-in-batangas

Five Decades Behind the Limelight: Crown-Of-Thorns Sea Star Outbreaks Razing the Already Ailing Philippine Reefs

newsinfo.inquirer.net/418143/crown-of-
thorns-outbreak-found-in-batangas

Reef Check Foundation. Reef Check Global Reef
Dataset. [Accessed 22 July 2022]. data.
reefcheck.org.

Sitchon J. 2021. Crown-of-thorns starfish threatens
Cebu beach towns marine life. Aaccessed
2022 Aug 20].  https://www.rappler.com/
environment/crown-thorns-starfish-threaten-
moalboal-cebu-beach-marine-life/

Tamayo NC, Anticamara JA, Acosta-Michlik L. 2018.
National estimates of values of Philippine reefs'
ecosystem services. Ecological Economics.
146:633-644. https://doi.org/10.1016/j.
ecolecon.2017.12.005

The Philippine Star. 2019. Marine scientists
express concern over Chinese activities
in WPS. [Accessed 2022 Aug 20]. https://
www.philstar.com/business/science-and-
environment/2019/03/28/1905051/marine-
scientists-express-concern-over-chinese-
activities-wps

Tubbataha Reefs Natural Park. 2021. Threats to
tubbataha.  Puerto  Princesa, Palawan:
Tubbataha Reefs Natural Park. [accessed 2022
Aug 23]. http://tubbatahareefs.org/threats-to-
tubbataha/

Vine PJ. 1971. Crown-of-thorns (Acanthaster planci)
Plagues: The natural causes theory. Atoll
Research Bulletin. 166:1-10. https://doi.
org/10.5479/51.00775630.166.1

Vogler C. 2010. Phylogeography and evolution of the
crown-of-thorns starfish Acanthaster planci.
[Dissertation], University of Munich (LMU),
Faculty of Geo-Sciences.

Vogler C, Benzie JAH, Lessios H, Barber P, Worheide
G. 2008. A threat to coral reefs multiplied? Four
species of crown-of-thorns starfish. Biology
Letters. 4(6):696-699. https://doi.org/10.1098/
rsbl.2008.0454

White AT, Christie P, Apurado ], Meneses A, White E,
Tesch S. 2001. Summary Field Report: Saving
Philippine Reefs - Coral Reef Monitoring

Expedition to Mabini and Tingloy, Batangas,
Philippines, March 20-28, 2011. Cebu: Coastal
resources management Project and the Sulu
fund for Marine conservation Foundation, Inc.
p- 95

Wilmes JC, Caballes CF, Cowan ZL, Hoey AS, Lang BJ,
Messmer V, Pratchett MS. 2018. Contributions
of pre- versus post-settlement processes to
fluctuating abundance of crown-of-thorns
starfishes (Acanthaster spp.). Mar Pollut
Bull. 135:332-345. https://doi.org/10.1016/j.
marpolbul.2018.07.006

Wooldridge SA, Brodie JE. 2015. Environmental
triggers for primary outbreaks of crown-
of-thorns starfish on the Great Barrier
Reef, Australia. Marine pollution bulletin.
101(2):805-815. https://doi.org/10.1016/j.
marpolbul.2015.08.049

World Wildlife Fund. 2007. Predator Starfish Threaten
Coral Reefs in The Philippines. [accessed 2022
Aug 20]. ScienceDaily. www.sciencedaily.com/
releases/2007/04/070415120743.htm

World Bank Climate Change Knowledge Portal. 2021.
Climatology Climate Change Knowledge
Portal. [accessed 2023 Jun 8]. [accessed 2023
Jun  8].  https://climateknowledgeportal.
worldbank.org/country/philippines/climate-
data-historical

Yan G. 2008. Wave of Predatory Starfish Decimate
Palawan’s Reefs. [Accessed 2022 Aug 19].
https://wwf.panda.org/wwf_news/?134283/
Wave-of-Predatory-Starfish-Decimate-
Palawans-Reefs

Yasuda N. 2018. Distribution expansion and historical
population outbreak patterns of Crown-
of-thorns starfish, Acanthaster planci sensu
lato, in Japan from 1912 to 2015. In: Iguchi
A, Hongo C, editors. Coral Reef Studies of
Japan. Coral Reefs of the World. Volume 13.
Singapore: Springer. p. 125-148. https://doi.
org/10.1007/978-981-10-6473-9_9

Yasuda N, Inoue ], Hall MR, Nair MR, Adjeroud M,
Fortes MD, Nishida M, Tuivavalagi N, Ravago-
Gotanco R, Forsman ZH, et al. 2021. A root for
massive crown-of-thorns starfish outbreaks in


https://newsinfo.inquirer.net/418143/crown-of-thorns-outbreak-found-in-batangas
https://newsinfo.inquirer.net/418143/crown-of-thorns-outbreak-found-in-batangas
https://www.rappler.com/environment/crown-thorns-starfish-threaten-moalboal-cebu-beach-marine-life/
https://www.rappler.com/environment/crown-thorns-starfish-threaten-moalboal-cebu-beach-marine-life/
https://www.rappler.com/environment/crown-thorns-starfish-threaten-moalboal-cebu-beach-marine-life/
https://doi.org/10.1016/j.ecolecon.2017.12.005
https://doi.org/10.1016/j.ecolecon.2017.12.005
https://www.philstar.com/business/science-and-environment/2019/03/28/1905051/marine-scientists-express-concern-over-chinese-activities-wps
https://www.philstar.com/business/science-and-environment/2019/03/28/1905051/marine-scientists-express-concern-over-chinese-activities-wps
https://www.philstar.com/business/science-and-environment/2019/03/28/1905051/marine-scientists-express-concern-over-chinese-activities-wps
https://www.philstar.com/business/science-and-environment/2019/03/28/1905051/marine-scientists-express-concern-over-chinese-activities-wps
https://www.philstar.com/business/science-and-environment/2019/03/28/1905051/marine-scientists-express-concern-over-chinese-activities-wps
http://tubbatahareefs.org/threats-to-tubbataha/
http://tubbatahareefs.org/threats-to-tubbataha/
https://doi.org/10.5479/si.00775630.166.1
https://doi.org/10.5479/si.00775630.166.1
https://doi.org/10.1098/rsbl.2008.0454
https://doi.org/10.1098/rsbl.2008.0454
https://doi.org/10.1016/j.marpolbul.2018.07.006
https://doi.org/10.1016/j.marpolbul.2018.07.006
https://doi.org/10.1016/j.marpolbul.2015.08.049
https://doi.org/10.1016/j.marpolbul.2015.08.049
http://www.sciencedaily.com/releases/2007/04/070415120743.htm
http://www.sciencedaily.com/releases/2007/04/070415120743.htm
https://climateknowledgeportal.worldbank.org/country/philippines/climate-data-historical
https://climateknowledgeportal.worldbank.org/country/philippines/climate-data-historical
https://climateknowledgeportal.worldbank.org/country/philippines/climate-data-historical
https://wwf.panda.org/wwf_news/?134283/Wave-of-Predatory-Starfish-Decimate-Palawans-Reefs
https://wwf.panda.org/wwf_news/?134283/Wave-of-Predatory-Starfish-Decimate-Palawans-Reefs
https://wwf.panda.org/wwf_news/?134283/Wave-of-Predatory-Starfish-Decimate-Palawans-Reefs
https://doi.org/10.1007/978-981-10-6473-9_9
https://doi.org/10.1007/978-981-10-6473-9_9

Nicolas et al. / The Philippine Journal of Fisheries 31(1): 1-16

the Pacific Ocean. bioRxiv 2021.09.13.460188. Gotanco R, Forsman ZH, et al. 2022. Two

https://doi.org/10.1101/2021.09.13.460188 hidden mtDNA-clades of crown-of-thorns

starfish in the Pacific Ocean. Frontiers in

Yasuda N, Inoue J, Hall MR, Nair MR, Adjeroud M, Marine Science. 9. https://doi.org/10.3389/
Fortes MD, Nishida M, Tuivavalagi N, Ravago- fmars.2022.831240

© 2024 The authors. Published by the National

@ @ Fisheries Research and Development Institute.
This is an open access article distributed under
the CC BY-NC 4.0 license.


https://doi.org/10.1101/2021.09.13.460188
https://creativecommons.org/licenses/by-nc/4.0/



