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ABSTRACT
Since 2007, Acanthaster planci (crown-of-thorns or COT) outbreaks in Tubbataha Reefs Natural Park
(TRNP), one of UNESCO’s World Heritage Site, has prompted the Tubbataha Marine Office (TMO) to
conduct COT clean-up activities and invite initiatives on COT studies. This study, invited by the TMO,
attempts to identify outbreak areas within the TRNP, measure the density of COTs within these areas and
conduct size-frequency surveys using bucket view and SCUBA methods in three islets, i.e., North Atoll,
South Atoll and Jessie Beazeley. Six sites were identified where outbreaks have been reported. Total
diameter and number of arms for 425 COTs were measured from 18 belt transects (30x5 m) and a COT
clean-up activity. The largest individuals measured had a total diameter of 56 cm (with 15 arms) while a
43 cm individual had the most number of arms at 20 arms. Asymptotic length (L∞=52.62 cm) and growth
coefficient (K=0.03672) was estimated using the Powell-Wetherall Plot and the average growth
performance index (Φ’) from growth parameters of COT populations in the Western Pacific region. Crownof thorns starfishes were not widespread in the area but were observed to aggregate, average density being
0.011 ind·m-2 (maximum observed density of 0.547 ind·m-2). This is lower compared to reported densities
but is higher than the maximum sustainable density of 0.002 ind·m-2, notably since most individuals
sampled (98%) were adults, and may be enough to produce another outbreak within 2-4 years. Therefore,
further monitoring of COT populations in the area is highly recommended.

INTRODUCTION
Acanthaster planci outbreaks have caused devastating damage to coral reefs across the Indo-Pacific since
the late 1940s (Shirai, 1956). Possible triggers/reasons for outbreaks are: that it is a natural phenomenon
(Vine, 1973), effect of terrestrial run-off (Birkeland, 1982), removal of natural predators (Dulvy et al.,
2004), and nutrient influx (Brodie et al., 2005). However, there seem to be one or a combination of factors
that trigger(s) an outbreak that even the pristine reefs of Tubbataha Reefs Natural Park (TRNP) suffered
from the deleterious effect of A. planci outbreaks. Reports of outbreak in TRNP continue since its first
reported incidence in 2007 (Dr. Theresa Aquino, Tubbataha Management Office, Puerto Princesa,
Palawan, Philippines, pers. comm., 20 August 2009), the most recent being in June 2009 when Bos
(2010) reported up to 8 A. planci individuals per coral colony at Amos Rock (8°50.978’N, 119°53.493’E).
Bos (2010) suspected that the outbreak was a reaction from a massive influx of recruits as described by
Pratchett (2005), which was sustained by eutrophication of the surrounding waters.
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Moran (1990) reported that the natural density of A.
planci in a coral reef ecosystem ranges from
6-20 adults km-2. Outbreak densities may go up to
20.6 juveniles m-2 or more than 1,150 adults counted
over a 20-minute swim and may last for 1-5 years
depending on reef complexity and food availability
(Moran, 1990).
This study, a part of the M. Sc. (in Zoology) thesis of the
first author (M. Pan, in progress), surveyed spatial
distribution and size structure of Acanthaster planci
(Asteroida: Echinodermata) populations in Tubbataha
Reefs Natural Park, Sulu Sea, Philippines to provide an
overview of the extent of COT outbreak and size structure
of COT population in TRNP. Such baseline information is
important for the management of this problem, notably
since the Tubbataha Reefs Natural Park is a world
heritage site.

Figure 1. Map of Tubbataha Reefs’ South and
North atolls and Jessie Beazeley Rock, Philippines
where crown of thorns survey was performed.
Source of digital data: Conservation International
(2008).

METHODOLOGY
Tubbataha Reefs Natural Park (Figure 1) is a
33,200 hectare park that was established under the
Philippine government’s Proclamation No. 306 and is
protected under Presidential Decree No. 705. It is located
between 8°41’33” to 9°6’5”N and 119°45’46” to
120°3’20”E in the middle of the Sulu Sea, 175 km
southeast of Puerto Princesa City, Palawan Island. It
contains more than 10,000 ha of coral reefs, considered
by UNESCO as a World Heritage Site of global ecological
importance (UNEP-WCMC, 2008).
The history of COT outbreaks within the TRNP was
established through park ranger interviews and by going
through a series of Tubbataha Marine Office (TMO)
internal reports.
Tubbataha Reefs’ North and South atolls and Jessie
Beazeley (Figure 2) were surveyed from April 4 to May 1,
2010 using bucket view (acrylic glass bottom buckets
handmade for this study) and SCUBA methods, modified Figure 2. Bucket viewing survey path (dotted
from Bass and Miller’s (1996) Standard Operating lines) and SCUBA survey areas (encircled) of the
Procedure for COT survey (i.e., bucket view, crown of thorns survey of the Tubbataha Reefs
recommended for reconnaissance, in lieu of manta tow, a South and North Atolls and Jessie Beazeley Rock,
method designed for small survey areas already exhibiting Philippines. Areas where COT individuals were
outbreaks). Environmental parameters were measured, sited were marked with asterisks (*) Source of
digital data: Conservation International (2008).
i.e., temperature (°C); depth (m); wind strength and sea
state based on the categories adopted from Bass and
Miller (1996; see Table 1). Crown of thorns starfishes were counted along a belt transect as recommended
in Hill and Wilkinson (2004), to provide density estimates while diameter and number of arms were
measured/counted to provide a preliminary picture of its population structure. Sites for more detailed
SCUBA surveys were selected using the bucket viewing method. Two buckets were ballasted with lead
weights such that they can be held steadily on both sides of the dinghy when the bottom of the buckets
were submerged 1/3 deep on the water surface. The dinghy’s path was set parallel to the reef crest, close
enough for the observers to see the reef slope, traveling at a speed of 3.4 km h-1 or slower to allow
observers to see the bottom through the bucket. A Global Positioning System (GPS) receiver was used to
mark the start and end of two-minute transects along the entire perimeter of the three islets, i.e., North
and South atolls and Jessie Beazeley, and to keep track of the dinghy’s path. Temperature, depth, number
of COTs and live hard coral cover estimates (eye-balled, as % of transect) were recorded for each transect.
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Table 1. Categories of wind strength and sea state adopted
from the standard operating procedures for crown of thorns
surveys from Bass and Miller (1996, p. 9-10). Note that Bass
and Miller (1996) refers to the wind strength scale used here
as a modified Beaufort Scale.
Parameter
Wind strength

Sea state

Category
1
2
3
4
5
Calm
Slight
Moderate

Description
0-5 knots
6-10 knots
11-15 knots
16-20 knots
21-25 knots
Mirror-like to small ripples
Small waves, small whitecaps
Moderate waves, many
whitecaps
Large waves, 2-3 m whitecaps
everywhere, some spray

The bucket view method identified three
sampling sites for detailed SCUBA surveys. In
addition, three sites with known COT
outbreaks were included in the SCUBA survey.
For each site, three 30 x5 m transect belts
surveys were performed (see Figure 2). Crown
of thorns found within the transect were
measured, i.e., diameter from leftmost arm tip
to rightmost arm tip in cm, and number of
arms were counted. The absence of a weighing
scale that could be used underwater prevented
the recording of individual weights.

Total diameter of COTs was used to obtain the
size-frequency distribution for the surveyed
Rough
populations. As all observed COTs were
measured in the 6 survey sites, we assume that
our data is representative of the ‘outbreak’
population for the TRNP as a whole and thus valid for analysis using the Powell-Wetherall method
(Powell, 1979). This method estimates the von Bertalanffy parameters, asymptotic length, L∞, or the length
towards which a population can grow and the ratio of total mortality, Z, to the growth coefficient, K,
expressed as Z/K, which provides a measure of how fast the population grows. The basic assumption being
that the size-frequency distribution is representative of the population, i.e., sampled the breadth of the
population size range, this relationship shows that the mean length of n selected fish (Lmean) is a linear
function of the knife-edge selection length (L’), thus, Li-Li’=a+b*Li and where L∞=a/-b and Z/K=(1+b)/-b
(Pauly, 1986).
Because this was a one-time survey, and therefore not valid for length-frequency analyses as required by
the ELEFAN software (Pauly, 1987) to obtain the von Bertalanffy growth function (Bertalanffy, 1938), the
value of K was estimated using the growth performance index (Φ’) from the relationship, Φ’=logK+2*logL∞
as defined by Pauly and Munro (1984), from L∞ and K data pairs obtained from other COT populations
across Western Pacific Region (see Table 2).
A correlation matrix was used to identify which among the parameters measured significantly affect the
number of COTs per transect area observed (defined here forth as COT density). It is expected that coral
cover (though eye-balled in this survey) will have a direct relationship with the density of COTs since this
is their habitat (Moran, 1990). It is also expected that in areas with regular water column exchange
(through currents caused by winds and the lunar cycle), i.e., non-eutrophic habitats, will have healthier
coral cover and less prone to COT outbreaks. This follows from Bell’s (1992) conclusion that high
nanoplankton concentrations characteristic of eutrophic habitats can sustain A. planci larvae and thus
promote outbreaks.
Once identified, significant independent variables were regressed with COT density to obtain a
preliminary predictive equation that can be used to identify possible areas of COT outbreaks within the
TRNP.

RESULTS
In his 10 years as a park ranger, Segundo Canales (Tubbataha Management Office, pers. comm., 4 April
2010) recalls observing the first COT outbreak one slow summer evening in 2007 while picking shells in
knee-deep water in the lagoon northeast of the ranger station. Patches of bleached branching corals were
later observed in the lagoon near the ranger station and further investigations identified COT aggregations
scattered in the lagoon and outer reefs throughout the atolls. The rangers reported this to the Tubbataha
Management Office (TMO), which started COT ‘clean-up’ drives within the TRNP. As the COT were
immediately blamed for the seeming rapid and extensive destruction of coral reefs in the TRNP, tourists
and dive boat operators also started collecting COTs. Roy Magbanua (Tubbataha Management Office,
pers. comm., 4 April 2010), another park ranger who worked in TRNP for 8 years, added that they were
able to collect 12,000 COTs in just three months of collections after the first sighting. The number of COT
sightings has since declined (park rangers collected 2,500 in 2008; this study observed 72 with the bucket
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view survey and measured 425 in the SCUBA
surveys) in the TRNP area, but, park rangers can
still observe and receive reports of aggregations
from time to time.

120
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Frequency

The entire perimeter of the Tubbataha islets were
reconnoitered using the bucket view method for 10
days along the coast at 0-10 m depths with water
surface
temperature
at
28.5-33.5°C.
This
reconnaissance exercise sighted 72 COTs and
concluded that the COT outbreak was not
horizontally spread throughout the park, but rather,
form scattered aggregations.
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Figure 3. Size structure of crown of thorns starfish
(n=425) sampled from the North and South Atolls and
The six SCUBA sampling sites were surveyed for a
Jessie Beazeley islet of the Tubbataha Reefs Natural
week. Aggregating COTs had an average density of
Park (Palawan, Philippines) in April and May 2010.
-2
0.011 indivudals m , with maximum density
-2
observed at 0.547 indivudals m , which is well
above the sustainable density of 0.002 individual·m-2 (Glynn, 1973). The majority (98%) of the individuals
measured were of adult size (>15 cm) (Figure 3), with diameters ranging from 13-56 cm (average of
27.3 cm +/-0.73; s.e.=0.37) and with 10-20 arms (average of 13.9 arms +/- 0.15; s.e.=0.077). The largest
individual measured 56 cm and had 15 arms while the individual with most number of arms (20 arms)
measured 46 cm.

The diameter-frequency distribution in Figure 3 was run through the FiSAT (Gayanilo and Pauly, 1997)
Powell-Wetherall routine to obtain the linear regression correlation coefficients a=13.0 and b=-0.224
(r=0.95) which led to L∞ of 58 cm and Z/K=3.46. Growth parameter estimates of other COT populations in
the Western Pacific Region assembled in Table 3 provided von Bertalanffy parameters for COTs with L∞
ranging from 23.7 cm (Guam) to 44.4 cm (Davies Reef, Australia). This puts our estimate of 58 cm beyond
the largest asymptotic diameter reported for this species in the Pacific Ocean. The average Φ’ value
obtained from the 6 growth parameter estimates is 2.920 and resulted in a K value of 0.247 for the
Tubbataha population.
Table 2. Von Bertalanffy growth parameters for crown of thorns starfish in the Western Pacific Region. L∞ for
Tubbataha population was obtained from the diameter-frequency distribution described in Figure 3 and K was
obtained from the average Φ’ value of 2.008 from the Australia, Fiji and Guam populations.
Locality
Davies Reef (pre-outbreak cohorts)
Davies Reef (post-outbreak cohorts)
Hospital Point
South Tumon Bay
Double Reef
Suva Reef
Tubbataha Reefs

Country
Australia
Australia
Guam
Guam
Guam
Fiji
Philippines

Year
1988-91
1988-91
1992
1992
1992
1992
2010

N
106
106
40
40
36
56
425

D∞
44.4
42.2
23.7
29.4
31.1
34.2
58.0

K
0.50
0.61
1.7
0.76
0.83
0.53
0.247

Source
Stump, 1994
Stump, 1994
Stump, 1994
Stump, 1994
Stump, 1994
Stump, 1994
This study

The correlation analysis (Table 3) identified temperature, wind strength and coral cover as possible
variables for testing with a regression analysis on COT density. This also identified logical relationships
between sea state and temperature, depth, wind strength and coral cover. Temperature and depth are
auto-correlated, i.e., temperature decreases with depth. Similarly, wind strength and sea state are also
auto-correlated, i.e., the water column is disturbed or ‘shifted’ by stronger winds and therefore determines
sea state. Thus, we accepted the linear regression results of COT density vs. temperature, wind strength
and coral cover. This regression, which explained 34% of the variability (r2=0.341, s.e.=0.117, d.f.=17) is
significant
at
P = 0.11,
is
expressed
as:
COT density=-0.7885+0.02894*Temp0.1029*Wind strength+0.005481*Coral cover; where COT density is the number of COTs in a
150 m-2 survey area; temperature is in °C; wind strength is a rank based on Bass and Miller’s (1996; see
Table 1 above); coral cover is an eye-ball estimate of the live hard corals present in the 150-m-2 belt
transects expressed in percent. The standard errors obtained for the intercept ‘a’ and each of the slopes
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(coefficient of regression ‘b’) of the independent variables included here are: 0.6763, 0.0240, 0.0452 and
0.0036, respectively; these are significant to P levels, 0.26, 0.25, 0.039 and 0.15, respectively.
Given that coral cover is a ‘guesstimate’, we dropped it from the regression analysis and rerun the analysis
with surface temperature and wind strength alone as independent variables. This resulted in the
relationship:
COT density=-1.386+0.06756*Temp-0.1571*Wind strength;
with
r2=0.339,
s.e.=31.0, d.f.=19, significant to P level=0.036 and where the intercept has s.e.=1.179, the slopes have s.e.
values of 0.0394 and 0.0614, respectively, and where the intercept and slopes are significant at P levels
0.26, 0.10 and 0.02, respectively. This implies that COT density will be higher in areas with high
temperature (i.e., shallow waters) and in calm areas where wind strength is between 0-5 knots.
Table 3. Correlation matrix of crown of thorns density and independent environmental variables of three islets (North
and South Atolls and Jessie Beazeley) surveyed within the Tubbataha Reefs Natural Park (Palawan, Philippines) in
April and May 2010. Environmental variables and COT density were obtained from a summary of the 425 crown of
thorns in the SCUBA surveys while number of arms and diameter here were obtained from individual measures of
these.
Sea state
Temperature (°C)
Depth (m)
Wind strength
Coral cover (%)
COT density (#·m-2)
# of Arms
Diameter (cm)

Sea state
1.000
0.5572
0.3710
0.6054
0.5876
0.0001577
-0.1140
-0.05218

Temperature
1.000
-0.4078
0.2390
0.3882
0.3028
-0.1377
-0.1817

Depth
1.000
0.3433
0.2196
-0.003367
0.07923
-0.1704

Wind strength

Coral cover

1.000
0.5731
-0.2944
-0.08367
0.05094

1.000
0.18489
-0.01496
0.3352

COT density

1.000

Similarly, we correlated diameter Table 4. Summary of multiple linear regression statistics obtained for
and number of arms with the crown of thorns starfishes sampled in the Tubbataha Reefs Natural Park,
environmental variables in Table 3 Palawan, Philippines in April-May 2010. Diameter is in cm, depth in m, sea
in order to test which of these state is a rank category following the standard operating procedures of Bass
and Miller (1996; see Table 1), coral cover is an eye-ball estimate in %of live
could have an effect on the size hard coral cover.
structure shown in Figure 3. The
Parameter
r2
s.e.
d.f. P level
a
b
correlation matrix in Table 3 show No. of arms
0.0468
1.549
425 0.0001 12.73
that sea state and temperature Depth
0.1149
0.002
0.3578
have testable effects on number of Sea state
0.1129
0.0001
-0.4728
COT arms while temperature, Coral cover
0.007001
0.007
0.01907
depth and coral cover may affect
0.338
6.234
425 0.0001 19.86
the diameter of COTs. We Diameter
Depth
0.04626
0.04
-0.9483
performed
several
regression
0.4545
0.0001
-4.707
analyses to test these as well as to Sea state
0.02821
0.0001
0.3959
test for a relationship between Coral cover
diameter and number of arms, i.e.,
bigger COTs might have more arms. The best fitting regressions are shown in Table 4, the most interesting
and viable being that diameter is a function of depth, sea state and coral cover, i.e., smaller COTs are
found in deeper waters, smaller COTs are found in rougher waters and that bigger COTs are found in areas
of higher coral cover.
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1.0

The bucket view method served as an
lnK = -1.684*lnDiameter + 5.617
R = 0.762; s.e. = 0.247*; d.f. = 5
effective
and
safe
method
for
0.5
Guam
reconnaissance survey of COT outbreak
especially in the TRNP where large
0.0
pelagics, i.e., barracudas, can easily snap
Australia
at objects on the water surface. However,
in the absence of aggregations, it was
-0.5
difficult to spot COTs because of their
Fiji
cryptic behavior, notably since this
survey method only allowed for a two-1.0
dimensional view of the reef. Thus, we
Philippines
decided not to complement the SCUBA
-1.5
survey data with the more than 83,000
3.0
3.2
3.4
3.6
3.8
4.0
4.2
2-minute transects obtained through the
Asymptotic diameter (cm; ln)
bucket view method in order to discount
the method’s natural bias.
We showed in Figure 3 that the COTs we Figure 4. Comparison of von Bertalanffy growth parameters for
seven populations of COT across Western Pacific Region (see
sampled at depths of 1-10 m were 98% Table 2 for details).
adults, implying that juveniles do not
occur in shallow waters, thus following
Black and Moran’s (1991) speculation
that juveniles settle in deeper waters at bases of reef slopes where most outbreaks originate. Note,
however, the possibility that juveniles were too small, cryptic and nocturnal, e.g., algae-feeding juveniles
with diameters <10 cm (Johnson et al., 1991), and were
not seen during the sampling period. Note also that
70.0
13% of these adults had diameters >40 cm, the largest
being 56 cm, implying that the asymptotic diameter
60.0
(58 cm)we obtained from the Powell-Wetherall
50.0
relationship is a viable estimate. However, this D∞
estimate is much larger than any of the 6 populations
40.0
reported by Stump (1994), whose samples fell in the
30.0
same size range as those sampled in this study. We
thus speculate that Stump’s (1994) analyses merit a
20.0
short review, but which we did not endeavour to
10.0
perform in this contribution. Assuming that Stump’s
0.0
(1994) results are viable, we plotted ln K vs. ln D∞ in a
1
2
3
4
5
6
7
8
9
10
11
12
13
14
linear
regression analysis, which gave an auximetric
Age (years)
relationship
significant at P=0.02 (see Figure 4). This
250
indicates that the use of the average Φ’ obtained in
Table 2 to estimate K for the Philippine population is
200
reasonable. Accepting the asymptotic diameter and K
values we obtained in this exercise, we estimated ages
150
at diameters for the 425 COTs we sampled (Figure 5),
which indicated that the largest individual we sampled
100
may have been 14 years old, the smallest may have
been a year old and that the majority (76%) of the
50
individuals we sampled were of 2-3 years of age, about
the same age as those sampled by Stump (1994), i.e.,
0
spawning adults (CRC Reef Research Center, 2003).
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Age (years)
These samples, similar to those reported in Stump
(1994), were aggregating individuals, which supports
Figure 5. Age-determination of crown of thorns
Moran’s (1990) report that aggregates form to ensure
starfish from Tubbataha Reefs Natural Park,
Palawan, Philippines sampled by SCUBA in Aprilreproductive success, i.e., spawning COTs need to be
May 2010. Upper panel: age at length curve
near each other (1-2 m at least). Thus, logic compels us
estimated using von Bertalanffy growth parameters
to think that aggregations such as those observed in
D∞=58 cm and K=0.247years-1. Lower panel: age
the TRNP are effectively spawning swarms of a native
Frequency

Diameter (cm)

-1

Growth coefficient (year ; ln)

2

distribution resulting from the age at length curve in
the upper panel.
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population and not an outbreak of ‘introduced pests’, though others may argue the opposite.
The TRNP outbreak was reported only recently (2007) and is expected to last 3-5 years, though some
outbreaks may last longer, e.g., 15 years in the Great Barrier Reefs and 20 years in the Ryukyu Islands,
depending on reef complexity, which affects the rate of COT larvae transport (Moran, 1997). There is
growing speculation that this population was brought in from a previous outbreak reported from mainland
Palawan in the early 2000s through ballast waters of dive-tour boats frequenting the site every summer,
similar to Bos’s (2010) suspicion of massive influx of larvae from other sites. This predominantly adult
population were sampled in shallow areas (0-10 m), dominated by large aggregations of branching corals,
which offer refuge to spawning adults, i.e., COTs have better chances of getting a good grasp of branching
corals than of massive coral forms (Chesher, 1969), notably in an area frequently washed by strong
currents, which are favorable to the spreading and transport of pelagic COT larvae (Black et al., 1995).
Given that a gravid female can produce up to 65 million eggs (Moran, 1990), the TRNP population may
produce another outbreak visible within 2-4 years.
If we accept that our results are indicative of spawning swarms, then the relationship we presented above
on COT density as a function of temperature and wind strength may be used by the TMO to predict where
COT spawning aggregations may occur within the TRNP. This can be instrumental in preventing too large
aggregations, but hopefully not to decimate an entire cohort of COTs, notably since there is evidence that
the cleansing effect of a COT ‘outbreak’ sweep may enhance reef recovery and promote diversity, i.e., the
cleaned surfaces serve as suitable substrates for new hard coral recruits (Colgan, 1987).
As these results were based only on one sampling, and are thus preliminary, we strongly recommend
continued monitoring (i.e., regular sampling surveys) of the COT population in Tubbataha Reefs Natural
Park.
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