
http://www.botany.hawaii.edu/basch/uhnpscesu/picrp/home.htm
http://www.nps.gov/npsa/naturescience/coralreefinit.htm




Aca n thasrer on Ofu Island, American Samoa. 

1. INTRODUCTION 

Over the past two to three decades outbreaks of the coral-eating crown-of-thorns 
starfish Acanthaster planci (Lin.) have caused widespread damage to coral reefs of 
the Great Barrier Reef (Moran, 1986), Southern Japan (Yamaguchi 1986), Western 
Samoa. (Zann and Bell, 1991); American Samoa, Cook islands, Micronesia, 
(Birkeland 1982), Fiji (Zann et al. 1987, 1990) and many other coral reefs in the Indo- 
Pacific. 

The 'Acanthaster phenomenon' has consistently been one of the most serious 
research and management issues in Great Barrier Reef Marine Park (Kelleher, 1987) 
and in many other reefal areas in the Indo-Pacific. The outbreak causes (whether 
natural. phenomenon or the consequence of human activities) remain unknown, 
despite intensive research. Given this uncertainty, the issue of controls has been 
highly controversial (Lassig and Moran, 1992). 

1.1 The crown-of-thornsstarfish (Acanthasier planci) (Lin.) (Samoan: Alamea) 
Acanthaster planci is a large (to 40 cm diameter), multi armed (14-18 arms) starfish 

(Echinodermata: Asteroidea), covered on the aboral surface with long, venomous 

spines. It is primarily a coral feeder, particularly on the family ~c ro~or idae ,  but will 
take other corals and even molluscs and other invertebrates (Moran, 1986). 

Acanthaster digests its food externally by everting its stomach from its mouth. It 
has separate sexes and spawns in the warmer months (in Samoa, probably around 
November-February). It has great reproductive capacity, and a single female may 
release many millions of eggs at a spawning. The larval duration is around 14-25 
days, and may be carried considerable distances (from several to 500 kilometres) 
(Moran, 1992). 

The juvenile stage lives in crevices within the forereef, and feeds on coralline algae. 
Around the age of 6-12 months it switches to a coral diet and commences a phase of 
rapid growth. At about 18 months it leaves its juvenile refuge but remains cryptic, 
unless it is in plague proportions. Infested reefs are characterised by the 'sudden' 
appearance of 213 year old early adults. It reproduces after its third year, and may live 
7-9 years (Zann et al., 1987; 1990). 

1.2 Characteristics of outbreaks 
Acanthaster is a natural inhabitant of reefs of the Indo-Pacific. Its numbers are 
generally low, and little damage is caused to reefs. Population densities are variable, 
ranging- from around ?? to 73. . per ha (Moran and De'ath, 1990). Acanthaster is 
prone to dramatic population increases, and may reach several millions on a single 
reef. It. was estimated that Green Island Reef on, the GBR was infested with over 
2,000,000 Acanthaster in 1980. Over 600,000 were removed from Tutuila reefs in 
1978-79, and sufficient remained to eventually destroy most of the coral in the 
following year or two (Moran, 1986). 

Outbreaks range in size and characteris tics. In some situations moderate numbers 

may cause major damage to a reef over a period of years. In others vast numbers 

may kill virtually all the coral in a year. Once the coral cover has been depleted, the 
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starfish populations quickly decline through starvation or migration. In other, 
situations, known as 'chronic' outbreaks, the predator /prey relationship may 
stabilise to a long term' 'low starfish/low coral' level (Birkeland and Lucas, 1990). 

1.3 Effects on reefs 
In severe outbreaks up to 99% of the coral on reefs may be killed, while in less 
severe ones a smaller proportion of the coral or only a part of the reef may be killed 
(Moran, 1986). While regeneration from remnant fragments of corals commences 
almost immediately,' but most recolonisation occurs through coral larval settlement 
in the following years. The faster growing staghom corals (growth rates to 10-30 cm 
per year) regain their former cover within 10-15 years, but the slower growing 
massives (growth rates of 2-3 cm per year, and some colonies of which may be many 
hundreds of years old) take much longer to regain their former population 
structures (Done, 1988). 

1.4 Hypotheses on causation 
There has been much debate on the cause(s) of the outbreaks, whether they are a 
natural phenomenon, or the result of man's activities. The various hypotheses on 
causation have been reviewed by Vine (1973), Potts (1981), Moran (1986), Z a m  and 
Eager (1987), Birkeland and ~ u c a s  (1990), and Brodie (1992). 

The 'natural phenomenon' case centres on the unique characteristics of the starfish 
(ie morphology, corallivory, feeding behaviour, and high fecundity) which make it 
prone to population fluctuations, particularly in the planktonic stages (Birkeland 
and Lucas, 1990. Laboratory studies by Lucas (1978) found that the larvae were 
normally food limited, and that survivorship increased greatly in enhanced levels 
of phytoplankton. However, in situ field experiments by Olson (1987) found that 
larval survivorship was not overtly influenced by plankton levels. Recent in situ 
experiments by Okaji (1992) support the Lucas hypothesis. The 'larval survivalt 
hypothesis was supported by Birkeland (1982), who correlated outbreaks with 
nutrients. from terrestrial runoff following high rainfall events. However, details of 
Birkeland's correlations have been seriously disputed (Endean and Cameron, 1990; 
Zann, unpublished data).. While the natural causes hypothesis appears supported by 
geological evidence of past occurrences of apparently high density populations 
(Walbran and Henderson, 1989), again this evidence is considered equivocal 
(Keesing et al, 1990 ). 

The various 'anthropogenic causes' hypotheses attribute increased survivorship at 

the larval and /or pos t-settlement stages to human disturbance. Pollutants in the 
' 

ocean may reduce predation on larvae (Randall, 19721, although the mechanisms 
are obscure, and such second order effects would be extremely difficult to identify. 
A s  indicated by Brodie (1992), the hypothesis of larval survivorship proposed by 
Birkeland (1982) might be extended to suggest that art.lficially elevated nutrient 
moff  from agricultural fertilisers, changing land use etc may responsible. 

The 'predator removal hypothesis' argues that overfishing (Endean and Cameron, 
1990) or reef disturbance (Cheshire, 1969) has resulted - in dedines in natural 
predators of juveniles and adults. Although there is some support from population 
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modelling (eg McCallum, 19901, records of predation events are sparse (Marine 
Biologic, 1990). 

The controversy on causation suggests that it is probable that there isno simple, 
single cause of outbreaks.. Zann (1992) suggests that outbreaks are natural 
phenomena which may be exacerbated by human activities. I have found that 
outbreak episodes in the Central, South and Western Pacific Islands are strongly 
correlated with El Nino/Southem Oscillation events over the past 30 years. The 
mechanisms are unknown, but it is possibly from the major. changes in climate 
(inducing the 'unusually high rainfall events' identified by Birkeland (1982), by high 
or low ocean productivity, temperature and current reversals which are 
characteristic ENS0 periods. However, in addition to this correlation there was also 
strong. evidence to indicate that more heavily disturbed reefs (eg physical.ly 
disturbed, polluted, high nutrients, overfished) were generally more seriously 
affected than less disturbed reefs. 

1.5 This survey: Acanthaster in the proposed Ofu Island Marine Park 
Because of the devastation of corals by an Acanthaster  outbreak in American 
Samoa's marine sanctury at Fagatele Bay on Tutuila in 1978-80, the controversy 
following a control of Acanthastet in Hawaii in ?? (ref), an persistent sightings of 
Acanthaster in the propose'd Marine Park on Ofu, it was decided that a survey 
should be undertaken of the area, and a policy on Acanthaster be developed. The 
presentconsultant was engaged as he was familiar with Acanthaster research and 
management (as Coordinator, The Crown-of-Thorns Starfish Research Program, 
Great Barrier Reef Marine Park Authority (GBRMPA), 1985-1990) and had recently 
investigated Acan t haster in Western Samoa (1990-91). (Note: While the consultant 
is currently employed by the GBRMPA, the views expressed in this report in no way 
reflect those of this organisation). 

1.6 Survey objectives 
The objectives of this survey, as developed by J.D. Cuillard, Superintendent of the 
National Park Service of American Samoa, were: 
(I) Summarise the history of Acnnthaster  outbreaks in the Samoas and their 
consequences. 
(2) Summarise known studies, data, anecdotal (historic and contemporary) 
information on Acanthaster on Ofu, with 'emphasis on the national park reef area. 
(3) Desaibe the current status of Acanthaster  on the Ofu inner and outer reef. 
Speculate on the potential for an outbreak to occur. Describe current wisdom on 
what might precipitate an outbreak. 
(4) Briefly summarise success (or lack of) of control'actions on Acanthaster on reefs 
around the Pacific. 
(5) Briefly describe management strategies that have been used to control 
Acan t haster and their effects. Desaibe any ancillary environmental impacts that 
have these strategies may have precipitated. 
(6)'Provide professio.na1 judgement on whether or not the USNPS should attempt 


-

to eradicate current populations of Achnthaster on Ofu or other areas within the 
national park. Consider potential consequences of action or no action. Address any 
anticipated ancilliary environmental effects of the recommended control strategy. 
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(7) Discuss current philosophy about historic (natural) outbreaks vs. anthropogenic 
effects on outbreaks. 

. (8).Recommend a monitoring technique. for Acanthas ter  prior to and after 
undertaking any management action. 
(9) Address any other issues important to assist the NPS in deciding a course of 
action. 

1.7 Conduct of survey 
The consultant arrived on Tutuila, American Samoa on 15 July 1992 and. conferred 
with the NPS Superintendent on the project and Department of Marine and 
Wildlife (Director Henry Sesesepara, Chief Biologist Dr P. Craig). Further meetings 
were held on 16 July (a local holiday). The consultant and NPS Superintendent left 
by air for Ofu on 17 July at 0630, arriving at 0715. A ground reconnaissance of Ofu 
and adjacent Olusega was undertaken in the am, and'a preliminary inspection of the 
proposed marine park in the pm (2 transect surveys E,F,). From 18-22 July an 
additional lO??underwater transects surveys were undertaken. On 22-23 July local 
divers were interviewed to--assess their knowledge of Acanthaster outbreaks and the 
subsistence fishing techniques and pressure on +Ofu reefs. 

All transect sites were located on Fig 2 which is a tracing of the colour aerial 
photograph flown in 1990. Along each transect, sites were described in the inner 
lagoon (10-20 m from the beach), mid lagoon (half way across), outer lagoon 
(immediately behind the reef crest rampart or ridge, and on the rampart. At each site 
the bottom type, algal dominants, coral, coral dominants and dead coral were 
estimated (as % cover) in 10 min swims. The nature of the dead coral (old and worn, 
old but still standing, recently dead and slightly overgrown) and freshly dead (white) 
was particularly assessed as a possible indicator of recent reef disturbance. The 
relative abundance of giant clams, edible snails and urchins and larger reef fish were 
notes as indicators of fishing effort. The numbers of Acanthaster and feeding scars 
(if any) were recorded per search time (and expressed as number per hours). The 
completed survey proformas are attached (Appendix I) for future monitoring 
purposes. 
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.2. A Summary of the history of Acanthaster outbreaks in the Samoas, and their 
consequences. 

2.1 Oral history 
Based on Samoan folklore and traditional knowledge, Birkeland (1982) considered 
that outbreaks have been a recurring .phenomenon in American Samoa;. 
Acanthaster (alamea) are well known to Samoans, and are referred to in a widely 
known proverb . ( 'E fofo e le alamen le alamea ', generally meaning.'like cures like'). 
Elderly fishermen interviewed by Birkeland ' (1982) recalled outbreaks around 1916 
and i932,.but all agreed that they were very scarce at other times. In Western Samoa 
an outbreak had occurred around Apia in 1933 (supporting the 1932 report from 
American Samoa), and at other times 'during the very distant past' (z& and Bell, 

22 Scientific desaiptions 
221 1969 episode Upolu 
The first saentific.description of an outbreak in the Samoas was on the south coast 
of Upolu in 1969 (Garlovsky and Bergquist, 1970).Very large numbers were present, 
and considerable damage occurred, despite.control activities by the Fisheries 
division and by villages. Although this outbreak was more widespread than 
described, it almost certainly did not occur on.neighbouring Savaii, and certainly 
did not occur in Tutuila (Zann and Bell, 1991). 

While Tutuila reefs were frequently dived during the 1970s; Acanthaster were 
(surprisingly) rare occurrences. 

22.2-1977episode 
Wass (1978) saw very few Acanthaster in American Samoa between 1974 and 
November 1977 when he discovered a very large outbreak in Fagaasa Bay in 
northern Tutuila. The outbreak was found to be very widespread; in December 1977 
he located an aggregation of around 83,000 individuals on Taema banks off the 
south coast. In January 1978 huge numbers were found on off shore and main land 
reefs .between Nu'uuli and Fatumafuti and.Lauli'i. By then the coral mortality on 
Taema Bank.was about 95%.The largest aggregation, estimated to number 387,477 = 
individuals was discovered moving into Aoa and Oneoa Bays in north eastern 
Tutuila. 

Although a large scale control was organised in 1978 and same 486,933 starfish were 
removed from Tutuila, they were still abundant around Tutuila in April 1979 and 
did not decline until the following year, when the starfish had exhausted.their food 
supplies. Coral mortality in the Fagatele Marine Reserve was estimated to be 95% 
(Birkeland and Randall, 1979). 

The Manua Group to the east, and Rose and Swain Reefs were not affected in the 
1977-80 outbreak (D.Itano, pers. corn.). 

The 1977 outbreak affected Upolu in Western Samoa but was not well documented 
at the time. Birkland and Randall (1979) had been informed by-aWestern Samoan 
resident that the reefs had.been affected since.late 1977. Dahl(1978) reported a severe 
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outbreak off Namu'a Reef in Upolu and September 1978, and Davidson (1978) 
reported large numbers in Falelatai and Aleipata in 1978. Eight of 15.Upolu villages 
and two of seven Savaii recalled outbreaks between 1977-81 (Zann and &dl, 1991). 

2.2.3 Outbreaks 1980-90 
The American Samoan outbreak declined rapidly by 1980 (no doubt because the 
coral had been so depleted that the Acanthaster starved to death). The Western 
Samoan outbreak continued throughout the 1980s in a 'chronic' situation. 

2.3 Present status 1990-92 
During the author's surveys of Upolu in 1991, moderate numbers (5-10 per dive) 
were seen on the Lefaga reefs, .Afega,and Aleipata. Larger numbers (ca 20 per dive) 
were located along much of the Falealili outer. reef slope (ca 10  km length), 
suggesting a major outbreak was commencing (Zannand Bell, 1991). 

2.4 Conclusions 
Outbreaks have almost 'certainly occurred in the Samoa Group prior to the 1960s. 

While Birkeland regards this as evidence. for the 'natural causes' hypothesis, this 
author considers that reefs. were traditionally relatively heavily fished and gleaned, 
and the prior outbreaks might be equally argued to be the result of human activities. 

Acanthaster outbreaks in thesamoas are summarised in Table 1. The outbreak 
history on the Samoas over the last 30 years has been distinct in each of the groups: 

the eastern Manua Group has not been seriously affected (but has 
experience moderate to high abundances in the 1980s: this report); 
Tutuila has been affected by only one major outbreak (1977-80); 
Upolu has been seriously affected in two major outbreaks (1969-71; 1977-1980s) 
and has reached a chronic situation (low cots/low corals) (1980s-1990s);and 
Savaii has experienced- a single period of moderate outbreaks (in 1980s). 

This indicates that outbreaks have occurred at different geographic scales (from 
several kilometres a to several hundred kilometres), and that Upolu has a 
distinctive history of more frequent, and 'chronic'outbreaks. This may be due to the 
different reef types (Western Samoa has many reefs with wide lagoons, American 
Samoa has narrower, high energy fringing reefs), the increasingly eutrophic 
conditions in Upolu's lagoons, and/or the extremely high fishing pressure on 
Upolu (Zann,1991). 
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3.. Summary of known studies, data, anecdotal (historic and contemporary) 

information on Acanfhaster on Ofu, with emphasis on the national park reef area. 

, 3.1 Desaiption of Ofu reef 
The coral reefs of Ofu were first surveyed in detail in 1978 (American Samoa Coral 
Reef Inventory; 1980). A survey of three areas of Ofu reef was also undertaken by 
Itano in 1988, and by Maragos et al. (unpubl. report) in 1991. 

. The fringing reef proposed for National Park designation is situated on the southern 

coast of Ofu. It is ca 5 km in length, and 50 to 150 m in width. It is unusual in having 

a high, wide, reef crest (composed of cyclone rubble and coral blocks) which appears 

to have accumulated in the four severe cyclones in the past two decades (Esau, 1981; 

Tusi, 1987; Ofa, 1990; and Val, 1991). 


The prevailing swells come.from east to south year round. At half to high tide, the 
southerly swells break well onto the reef top and lagoon while at low tides wave 
overtopping continues to bring fresh, well oxygenated oceanic waters onto the inner 
reef. Currents. are moderate to very strong at all tides, draining at low tide via an ava 
(pass). 

The most detailed descriptions to date are in Itano (1988). The coral community is
. 

very well developed, with a moderate to high species diversity, dominated by 
Porites massives and the stinging hydrocoral Millepora. The unique 'blue coral' 
(Heliopora coerulea, a 'soft' or alcyonarian coral with a hard blue. skeleton) is 
present in low abundances in the proposed park area, and is abundant ca 200 m 
outside the proposed western boundary, off the airport. Manua represents the most 
extreme south east distribution of this unusual 'living fossil' in the Pacific (Zann, 
1985; Itano, 1987). Because of its geographic position, Manua will also be the eastern 
boundary of some of many of the Acropora and other coral species. This adds greatly 
to the scientific and conservation value of the proposed 'park. 

The accumulating reef crest has effectively moated the lagoon, enabling the 
dominant massive Porit es heads and microatolls to grow as 'towers' higher than 
the mean ocean low water level. The 1991- survey interpreted the tower .formation 
and upgrowth at the microatoll edges to be the result of land subsidence (J.D. 
Cuillard, pers. comm.). While subsidence has occurred at a mean rate of around I 

-

mm /yr in the Samoas, the consultant considers that the cause is more- moating in 
. 

recent decades. 

It should be noted* that moderate predation by Acanthaster over the past six years 
(and possibly low level predation -of the past-several decades) has probably had a .  
significant effect on the coral assemblage by favouring the less preferred prey species 
(ie the massive Porites, the. stinging Mil1epora) and the depletion of the preferred 
Acropora species. 

The constant supply of oceanic water and moating effect has generated spectacular 
and unusual tower formations in the massives (Porites cf lutea; Faviidae spp), and 
some of the branching forms (Millepora). The high underwater visibility and 
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spectacular 'coral gardens' make this a very beautiful, as well as a scientific unusual, 
coral reef. 

3.2 Acanthaster abundances on the Ofu reef 
3.2.1 Anecdotal information 
Four Ofu fisherfolk were interviewed to determine Acan thaster abundances in the 
recent past, and to access fishing pressure. All were very familiar with alamea. The 
oldest (Utu, aged 69 yrs), who beg,an diving and fishing as a child (1920~1, recalled 
seeing alamea in 'ones and twos' but they became more common 'around 25 years 

.ago' (1960s). Utu's daughter and son-in-law (both aged around 40 yrs) had often 
seen alamea, and .said they had been very common ('hundreds seen at a time') along 
the entire western reefs since 'around the time of cyclone Tusi' (1987), and were 
'still fairly common'. The village mayor organised fishermen to collect them in 1987 
and bring them ashore but no bounties were paid. All the informants knew of the 
major outbreak on Tutuila in 1977, and all agreed that they were not particulary 
common on Ofu at that time. All said that the corals had seriously declined in -. 

recent years from cyclones and alamea. 
/ 

Sione (aged late 40's, one-armed from a dynamite fishing incident) said when he 
was young (1950s?) alamea had been common along the southern reef, although 
never in very large numbers. He said that during the Tutuila outbreak they were 
'fairly common' on Ofu, but not in outbreak densities. Sione had observed 
considerable coral mortality over the past ten years, but attributed it more to the. four 
cyclones (Esau, Tusi, Ofa, Val).. 

3.2.2 1987 survey 
Itano (1987) recorded moderate numbers of Acanthaster on Oh.He found very few 
in the other areas of American Samoa, including Rose and Swain Atolls (D. Itano, 
pers. comm., 1990). No Acanthaster were seen in area A (Fig. 2), a shallow shelving 
reef platform with a low coral species diversity (Acropora, Porites) and cover. 'Some 
destruction' by Acanthaster was observed in area B, an outer platform dominated by 
large Porites, Acropora and Pocillopora assemblages. The extent of the destruction 
was not indicated. 'Recent Acanthaster activity' was noted in area C, an extensive 
coral platform dominated by Acropora, Porites,. Heliopora,' Mil lipora, Galaxea etc 
and 'adult specimens were located and destroyed'. While no further details are 
given, Itano (pers. comm., 1990) subsequently informed me that 'around 40 large 
adults had been removed and taken ashore to die'. 

Itano (1987) recommended that the southern reef of Ofu be included in the proposed 
new American Samoa National Park 'because of its high coral cover and diversity, 
the prevalence of unique blue corals, Heliopora coerulea , the visual attractions of 
the beach and its importance as a turtle rookery. He also recommended that the 
Acanthaster removal efforts by DMWR be continued. 

3.2.3 Status 1988-1991. .. 


Irregular visits to Ofu reef by Marine. and Wildlife Department staff in 1988-91. 

indicate that moderate numbers of Acanthaster remained on the.reef after Itano's 

control. Abundances of '5-6 per dive' were common (D. Cuillard, P. Craig, B. 

Ponworth, pers. cornm.). While these are on the 'moderate' end of the 'normal' 
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. . 4. The current status of  Acanthaster on the Ofu inner and outer reef, the potential 
for an outbreak to occur, and factors which what might precipitate an outbreak 

4.1 Current status of Acanthaster on Ofu reef 
During the course of this survey, five Acanthaster were seen on the Ofu reef (see 
Table 2). Three of these were cryptic, hidden under coral overhangs; one was 
travelling .over a rocky bottom; one was openly feeding on coral. Only two were 
measured (both diameters 35 an). Spine samples.of three individuals were taken for 
aging using the new technique developed by Stump (1990). 

Adjacent feeding scars indicated a variety of prey species. An Acanthaster resident -

under a large Porites head had eaten nine meals of that colony. Another had eaten 
small .colonies of Pocillopora, Mont ipora, Acropora, and Faviidae spp. 

Although few Acanthaster were seen, substantial areas of dead standing corals 
suggested that damage in the recent past (decade?)has been moderate (see below). 

4.2 Coral mortality attributed to Acanthaster 
Coral death is a normal process in reef building. The nature and quantity of recently 
dead coral in a reef may be a good indicator of recent disturbances. Dead coral may 
be highly overgrown and eroded by bioeroders and grazers, indicating it is long dead 
(several years, to decades or-longer); it may be relatively intact and still-upright, 
indicating it has died in fairly recent times (months to several years); or it may be 
very freshly dead with white skeleton visible or minimal fouling (days to months). 

The causes of the mortality are often difficult to ascertain. Widespread physical 
destruction (upturned coral plates and heads, .staghorn rubble) indicate cyclone . 

damage. Large expanses of intact dead staghorn, or dead or partially dead Porites 
heads with regenerating lobes suggests Acanthaster outbreaks. Small'isolated scars 
suggest a lower level of Acanthaster, the coral-eating snail Drupella, or a bacterial or 
algal disease. Dead standing corals and large areas of macroalgae suggest excessive 
nutrients and eutrophic .conditions. 

~xtensiveareas of dead branching Acropora were seen in sites C and F. Relatively 
large areas of partially dead Porites with regenerating lobes were seen at D and F, 
suggesting moderate Acanthaster . damage. About 10% of Porites were entirely dead 
and heavily eroded, another 40-50% had substantial dead areas and regrowing lobes, 
and 50% were unaffected. Most colonies had only been partially killed.. This was 
probably because Porites is not a preferred: prey, the numbers of starfish had not 
sufficient to.kill all the coral, and they were stdl in a cryptic (daytune hiding) phase 
with the result that the meals were discontinuous over the surface.of the colony and 
many small areas 'were left intact to regenerate as lobes. Assuming a growth rate of 3 
cm/yr, the radius of the lobes (ca 5-30 an)suggest mortality between two to seven 
years ago. This is consistent with Itano's observations of moderate densities in 1987. 

4.3 Predatodprey dynamics 
As:the area of live coral in the proposed park is .very. limited and many of the 
colonies are decades to centuries in age, it is possible that relatively low abundances 
























	Text1: go back to uh pi cesu coral reef pages   |   go back to park coral reef pages
	Text10: [ DRAFT – This paper is currently under peer review.  The final version may contain changes. ] 


