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PREFACE 

This review is intended as a reference document covering the scientific and administrative aspects of 
the Great Barrier Reef Marine Park Authority’s crown-of-thorns starfish (COTS) Program and the 
Australian Institute of Marine Science’s COTS Study from July 1989 to June 1995. The two 
organisations have worked together closely over the past ten years to monitor COTS outbreaks on the 
Great Barrier Reef and to understand the causes of starfish outbreaks. This document reflects the 
complementary and cooperative nature of these endeavours. 

The review is sufficiently detailed to enable a full appreciation of the basis of the programs, their 
structure and operation, the status of projects, funding, the major outcomes of funded research, and 
future research directions. 

The review complements two earlier reports that documented an earlier phase of COTS research 
involving the Authority and the Australian Institute of Marine Science from 1985 to 1989. At that 
time research was divided into ecological research and management-related research and separate 
reports were written for each of these two general areas. Moran and Johnson (1989) reviewed the 
former and Lassig (199 1) the latter. 

This review is a single volume, reflecting tighter integration of projects, an even greater level of 
cooperation between the organisations involved, and a stronger recognition that directed ecological 
research, while advancing scientific knowledge, provides critical information for management. 
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BACKGROUND 

Review of the COTSAC Program 

In December 1988, following criticism in the media of the Great Barrier Reef Marine Park Authority’s 
handling of the crown-of-thorns starfish (COTS) issue, the then Minister for the Arts, Sport, the 
Environment, Tourism and Territories, Senator the Honourable Graham Richardson, requested a 
review of the Authority’s crown-of-thorns starfish research program and policies. The research 
program had been recommended to the Authority by the Crown-of-thorns Starfish Advisory 
Committee (COTSAC), a body of experts convened by the Authority in 1984 for this purpose. 
Funding of $3 million over four years for the program (198586 to 1988-89) was provided by the 
Federal Government. The program was reviewed annually by another advisory body established by the 
Authority, the Crown-of-thorns Starfish Advisory Review Committee (COTSARC). Zann and Moran 
(1988), Moran and Johnson (1990) and Lassig (1991) have summarised the structure and results of 
this program. 

The review for Senator Richardson was undertaken in January 1989 by Professor D. T. Anderson, 
Challis Professor at the University of Sydney. Terms of reference for the review were: 

1. ‘To review the Great Barrier Reef Marine Park Authority’s present policy for managing the 
Marine Park in terms of the developing knowledge of the Crown-of-thorns Starfish and in 
particular the Authority’s policy of limiting direct intervention to areas of special scientific or 
tourist interest.’ 

2. ‘To review the adequacy of the mechanism for defining, reviewing and operating the Crown-of- 
thorns Starfish program.’ 

Anderson concluded that the research program had been defined, reviewed and operated in an efficient 
and productive manner and that the Authority’s policy for crown-of-thorns starfish control (i.e. 
intervention only in areas of special interest to tourism or science) was soundly based, taking into 
account current knowledge of starfish populations on the Great Barrier Reef (Anderson, 1989). He 
recommended the program be continued for another three to five years at a dedicated and committed 
funding level of at least $1 million a year. He also recommended changes to the review committee to 
give that committee a more effective role in determining, in consultation with the Authority, the 
pattern of expenditure of these funds (see appendix 1). On 30 March 1989 Senator Richardson notified 
the Authority’s Chairman, Professor Graeme Kelleher, he had accepted the recommendations of 
Anderson’s report. 

The Crown-of-thorns Starfish Research Committee (COTSREC) 

Anderson recommended that Professor John Swan (who had chaired the COTSARC) continue as 
chairperson of the new advisory committee and that the committee include two representatives from 
the Great Barrier Reef Marine Park Authority (GBRMPA), two from the Australian Institute of 
Marine Science (AIMS) and three external experts. Professor Swan convened two meetings of an 
‘interim advisory committee’ on 24 April 1989. He invited the Authority and AIMS representatives to 
determine Terms of Reference for the new committee (appendix 3) and to nominate additional 
members. Professor Ray Golding (Vice Chancellor of James Cook University of North Queensland) 
was invited to attend the second meeting later in the day to represent that institution (which had 
significant involvement in the previous research program). This meeting focused on allocation of 
residual funds for the current financial year. It was agreed the committee be called the Crown-of- 
thorns Starfish Research Committee (COTSREC). 



Subsequently Professor Golding, Mr Robert Pearson (QDPI and former member of COTSARC), Dr 
Keith Sainsbury (CSIRO) and Professor Peter Davies (BMR, now University of Sydney) were invited 
to join the COTSREC. All four accepted the positions. 

The full COTSREC first met in July 1989 in conjunction with a workshop organised to facilitate 
discussion on future directions in the crown-of-thorns research program. About forty scientists and 
managers attended the workshop. Discussion centred on current and future research in the areas of 
predation, terrestrial inputs and possible links with COTS outbreaks, geological studies to determine 
past occurrences of COTS, coral and starfish dynamics, recruitment, biology and controls. As well as 
convening workshops to review the status of knowledge in particular areas and to recommend further 
research needs, the Committee established a number of specialist working groups (see figure 1). 

COTSAC 
1984-85 

\ 

I 3 
COTSARC Technical Advisory Group 

198589 
\ J 

1 COTSREC ] 

Workshops Working Groups 

Geological perspectives 

Reproduction, recruitment & hydrodynamics 

Causes & consequences of outbreaks 

Predation 

Water quality 

Geological perspectives 

Massive corals 

Figure 1. Review and program development processes used by COTS advisory committees 



There have been a number of changes to the Committee membership since its establishment. For 
personal reasons Professor John Swan reluctantly relinquished his position as Chair of the Committee 
in January 1992 and was replaced by Professor Graham Mitchell (now Director of Research, CSL 
Limited; formerly Director, Royal Melbourne Zoological Gardens). Dr Meryl Williams replaced Dr 
Joe Baker when she was appointed as the new Director of AIMS in 1992. Dr Peter Moran was 
replaced by Dr Tenshi Ayukai because of increased commitments in other areas. Professor Peter 
Davies was replaced by Professor David Hopley (James Cook University of North Queensland) in 
mid-1993. Professor Chris Crossland (Director, CRC Reef Research Centre) joined the Committee in 
early 1994. Dr Peter Moran re-joined the Committee as Acting Director of AIMS following the 
departure of Dr Williams to take up an appointment as Director-General of ICLARM in early 1994. Dr 
Russell Reichelt was appointed Director of AIMS in early 1995 and AIMS representation on 
COTSREC is currently under review. 

Since July 1989 the COTSREC has met twice annually - in ApriVMay to develop recommended 
annual programs and in November/December to review progress. 

The Availability of Funds and the Start of Research 

In the August 1989 Federal budget it was announced that funds of $750 000 were to be provided for 
COTS research in 1989-90 and $1 million in 1990-91. In response to Professor Kelleher’s seeking 
assurance of the third year of funding (as recommended by Anderson), Senator Richardson replied 
‘Although the Government’s decision authorised funding for the program to 1990-9 1, I am happy for 
the Department and the Authority to operate on the basis that the program will continue into 1991-92. 
However, I would ask you that prior to entering the third year of the program, an assessment be 
carried out towards the end of the second year.’ This assessment is described in the following section 
(Review of the COTSREC Program). 

Funds for the first year of the program were made available to the Authority in August 1989. The 
COTSREC-recommended program of research was approved at the Marine Park Authority’s meeting 
on 13 October 1989. Ministerial approval to enter into contracts involving payment of more than 
$50 000 (as required under S.56(a) of the Great Barrier Reef Marine Park Act, 1975) was granted on 
9 November 1989. 

All submitted proposals for funding which had not been peer reviewed previously were sent for review 
and returned to proponents for modification if required. Contracts were then drawn up with successful 
individuals and their institutions and the funds disbursed. 

Many projects were thus not commenced until late 1989 or early 1990 (towards the end of the summer 
spawning and recruitment period for Acanthasterplunci). The unavailability of suitable personnel for 
some projects resulted in delays of nearly twelve months. Dr Hugh Sweatman, the post-doctoral 
fellow appointed by James Cook University for crown-of-thorns starfish predation studies took up his 
position in September 1990. 

Review of the COTSREC Program 

In accepting the recommendations of Professor Anderson, Senator Richardson requested that the 
program be assessed after two years. This review was conducted by Dr R. E. Johannes, Senior 
Principal Research Scientist at the CSIRO Division of Fisheries in Hobart. Terms of reference for this 
review were: 

1. ‘To review the Great Barrier Reef Marine Park Authority’s crown-of-thorns starfish research 
program with reference to the recommendations made by Professor D. T. Anderson in his 1989 
report to Senator Richardson.’ 
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2. ‘To make recommendations on the provision of additional funds for the program.’ 

Appendix 4 lists the conclusions and recommendations arising from Dr Johannes’ review. Dr 
Johannes recommended, inter alia, that the program be continued and this has occurred. 

The Australian Institute of Marine Science (AIMS) 

Professor Anderson noted that the facilities and expertise of the Australian Institute Marine Science 
were essential to the completion of crown-of-thorns starfish ecological research, but he highlighted a 
number of difficulties with the relationship between AIMS and the Authority. To overcome these 
problems, an Inter-Institutional Agreement was drawn up between the two organisations through the 
Australian Government Solicitor’s office. The Agreement was established on 14 November 1989 and 
formalised aspects such as: the responsibilities of each institution and relevant personnel; reporting 
procedures; allocation of funds; ownership of capital equipment and research information; procedures 
for the disclosure of information; dealing with potential conflicts and the content of reports. 

The Agreement has been updated each year to incorporate new or modified tasks (projects) for the 
successive financial years of the program. Progress reports for the majority of research tasks have been 
provided to the Authority by 30 April and 30 October each year. 

While each Agreement contained a schedule for the payment of funds (quarterly in advance) a lengthy 
delay in funding was experienced at the beginning of the 1989-90 fiscal year (as discussed above). 
Some of the projects were on-going and funds were required to ensure the continuity of employment 
for staff. The Authority provided $75 000 (from unspent funds in the previous year) to cover expenses 
incurred during this hiatus in funding. Similar delays are experienced each year during the period of 
supply, prior to the Commonwealth Government’s budget. 

This delay in the provision of funds at the start of the COTSRFC program led to certain projects being 
deferred as there were insufficient funds to employ new staff. Nonetheless, selection procedures were 
conducted during this period so that staff could be appointed once additional funds were received. 

The first major payment of funds was made in early December 1989 enabling two additional research 
position appointments. Dr John Keesing, was appointed as a post-doctoral fellow to lead research into 
the survival of juvenile COTS and Dr Russ Babcock was appointed to lead investigations into the 
reproduction of the starfish. 

Structure of the Research Program 

The COTS Program operates as a sub-program within the Authority’s Research and Monitoring 
Section. The budget for the Program, as a special Commonwealth Government fund between 1989 and 
1992, was mn separately to the Section’s general budget. In 1992-93 funding for COTS research was 
incorporated into the Authority’s appropriation. The Program is coordinated by the Program 
Coordinator who reports to the Director of the Research and Monitoring Section. The Coordinator 
liaises between researchers, their institutions and COTSREE members. Dr Leon Zann acted as the 
COTS Program Coordinator until December 1989, when he was succeeded by Dr Brian Lassig. 

All research projects conducted by researchers at institutions other than AIMS are managed directly as 
individual projects by Authority staff employed through the COTS Program. Three staff managed the 
Program between 1989 and mid-1992. Staffing was reduced to two when Program funding was cut in 
mid-1992. 

The conduct of projects is covered by legal agreements between the Authority, the researchers and 
their institutions. Agreements specify project execution details, allocation of funds, reporting 
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schedules and responsibilities. Progress reports are scheduled to be submitted by researchers for 
consideration by the COTSREC at its biannual meetings. 

The COTS research undertaken at AIMS operates as a sub-program of the Authority’s program. Under 
the AIMS’ terminology, the sub-program is referred to as a ‘Study’ and the individual projects as 
‘Tasks’. The COTS Study forms a discrete entity within the Reef Studies program. The Study consists 
largely of tasks funded by the Authority, but the Institute also provides substantial support (see table 
2, page 66) and initiates some research tasks independently with Institute funds. Between 1989 and 
early 1993 Dr Peter Moran managed the AIMS COTS Study. During this time Dr Moran’s 
commitments to the Reef-wide monitoring program and other institutional activities precluded his 
continuing in the COTS Study Manager’s role. This was taken over by Dr Tenshi Ayukai in May 
1993. 

The COTS Study has included a variable number of tasks from year to year. Each task has a unique 
number that corresponds to that given in the main body of the Inter-Institutional Agreements (see table 
3, page 67). 

In 1990-91 AIMS received $800 000 p.a. from the Commonwealth Government for monitoring of the 
GBR. The funds provided to AIMS by the Authority for broad-scale surveys of COTS and corals (a 
major project funded through the COTS Program) were added to this independent funding to establish 
a long-term monitoring program that included more detailed surveys of benthos and fish as well as 
water quality sampling. From June 1993 the monitoring program was conducted through the then 
recently established Cooperative Research Centre for Ecologically Sustainable Development of the 
Great Barrier Reef (CRC Reef Research Centre) and AIMS was supported for this task through the 
CRC Reef Research Centre rather than by the Authority directly. 

Within the AIMS COTS Study, each task has a Leader who is responsible for controlling the resources 
of that task as well as ensuring that the task objectives are completed as efficiently and effectively as 
possible. The Task Leaders report to the COTS Project Manager who is responsible for coordinating 
and managing the entire Study (including all research, personnel and resources). The Project Manager 
in turn reports to the Director of AIMS and liaises with the Program Coordinator at the Authority. 
This structure is currently under review. 

The CRC Reef Research Centre has three main programs which each consist of four to six projects. 
Projects consist of a number of tasks. The Long-Term Monitoring conducted by AIMS is a task within 
the Inputs and Impacts Project which is a major component of the Regional Environmental Status 
Program. The CRC COTS Project consisted of six tasks in 1994-95. Each Task has a Chief 
Investigator and a User Contact (from management or industry). Program Leaders manage and 
coordinate tasks and projects and report to the Director of the Centre (Professor Chris Crossland). The 
Director reports to the Centre’s Board. 



PROJECT OUTLINES AND MAJOR RESULTS 

This section provides a full description of projects supported through the COTSREC Program during 
the 198990 to 1994-95 financial years. Details of projects are as at 30 June 1995. Project titles 
marked with a ‘#, were undertaken as PhD research topics. The number of projects within the Program 
has reduced over successive years (see figure 2). This reflects both changes in funding and attempts to 
better focus on priorities while improving the quality of project management input. Projects are 
grouped into the following categories established by COTSREC in 1989 as priority research areas: 

. Coral and Starfish Dynamics; Ecological Effects 

. Larval and Adult Starfish Biology 

. Geological Perspectives 

. Controls 

. Hydrodynamics, Recruitment and Terrestrial Inputs 

. Predation 

1990-91 1991-92 1992-93 

Financial Year 

1993-94 1994-95 

Figure 2. Number of projects within the COTSREC Program from 1989-90 to 1994-95 

Reflecting the terms of reference of COTSREC pertaining to the provision of public information on 
the research program, several education and extension projects have been funded and/or conducted by 
Authority COTS Program staff. These are included under the heading ‘Public Information’. 

The Program contains a mix of short- and long-term projects. Longer term projects evolve and 
transform over time as needs change and as information accumulates. Objectives given in the project 
outlines are the original ones as defined in the Consultancy Agreement or Grant for the first year of 
the contracted research. 
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CORAL AND STARFISH DYNAMICS; ECOLOGICAL EFFECTS 

Title 

Investigator 

Objectives 

Budget 

Status 

Major Results 

An integrated study of hard coral regeneration and juvenile crown-of-thorns 
starfish at Green Island. 

Mr D. Fisk (Reef Research and Information Services) 

(1) to provide quantitative and qualitative data on the nature of recovery of 
hard coral communities; and 

(2) to search in detail in specific habitats where A. plunci are predicted to 
occur and to provide correlative evidence of the importance of food 
availability and habitat type on settlement patterns. 

1989-90 $23 000 
1990-91 $27 430 
1992-93 $23 000 
Total: $73 430 

Project completed 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

By late 1990 coral cover in areas affected by large numbers of COTS in 
1979-80 had increased dramatically, to the extent that competition among 
hard corals for space was occurring in some areas. The maximum hard 
coral cover recorded was 41% at one site; the average hard coral cover for 
thirteen stations was about 17.5%. 
Arborescent and plate Acropora spp. dominated the recovering 
community at all scales of investigation (spat, juvenile and adult 
colonies). 
In 1990 coral settlement on artificial plates showed no obvious pattern in 
available spat around the reef - there were no strong differences between 
fore-reef and back-reef sites and no differences between depths. 
In 1990 very low numbers of A. plunci were recorded from intensive 
surveys for adult and newly settled starfish. The indications were that 
there had been low recruitment rates for the past few years and that 
individuals did not appear to be reaching sizes greater then 30-40 cm in 
diameter. 
Dramatic changes to some of the coral communities were detected in 
early 1993. Changes included large reductions in coral cover (over 30% 
reductions in some sites), significant reductions in the frequencies of 
arborescent and plate Acroporu spp., and a significant increase in dead 
standing coral skeletons. 
The changes were attributed to three disturbances - a major cyclone in 
December 1990, localised predation by A. phnci and Drupeh spp., and 
effects of a form of black band disease. 
Survival of massive coral species was consistently higher than Acropora 
species at most stations. Massive coral species were numerically 
dominant at the majority of sites and were well represented at most of the 
remaining sites where they were not dominant. 
The reduction of total colony numbers occurred at a similar rate in all 
size classes, indicating that no significant size dependent mortality 
occurred. 
Coral larval recruitment had not increased in the permanent quadrats 
between 1990 and 1993, despite removal of much of the coral canopy. 
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Title 

Budget 

Broadscale surveys of the crown-of-thorns starfish and its effects on corals 
along the Great Barrier Reef (subsequently ‘Long-term Monitoring of the Great 
Barrier Reef). 

Investigators 

Objectives 

Drs P. Moran and J. Oliver (AIMS) 

(1) to assess and summarise the broad-scale distribution and effects of the 
crown-of-thorns starfish since 1980; and 

(2) to develop a scientific understanding of the broad spatial and temporal 
dynamics of the crown-of-thorns starfish and its hard coral prey. 

1989-90 $203 123 
1990-91 $220 221 
1991-92 $233 425 
1992-93 $239 000 
1993-94 $286 553 
Total: $1182 322 

Status Surveys incorporated into the Long-Term Monitoring Program being conducted 
through the CRC Reef Research Centre 

Major Results (1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Between 1989-90 and 1993-94 (March), a total of 320 reefs were 
surveyed throughout the Great Barrier Reef region using the manta tow 
technique. Of these, 98 reefs (about 31%) had been affected by outbreaks 
during the last episode. 
The activity of COTS slowly declined over the last five years, with the 
estimated percentage of reefs with active outbreaks declining from 16% 
in 1988-89 to 4% in 1992-93. 
COTS outbreaks nearly completed their southerly movements by 1993- 
94, with most of the reefs with active outbreaks being found in the Swain 
Sector at the southern end of the GBR. 
While the GBR system is recovering from the outbreak damage, a slight 
increase in COTS densities has been observed in a few of the northern 
sectors over the last two years. 
Analysis of outbreak patterns indicated that the likely epicentre for 
primary outbreaks is close to latitude 16”s. During the two observed 
outbreak episodes since 1960 outbreaks spread north and south from this 
area, the southward movement being faster and more extensive. Rates of 
movement for the southern ‘drift’ were as high as 80 km per year. 
The average time between outbreaks on reefs affected during both 
episodes was just under fifteen years - the frequently documented time 
for recovery of hard coral cover on reefs affected by COTS. 

Title Development of a robust method for determining the status of individual reefs 
with respect to outbreaks of crown-of-thorns starfish. 

Investigators Professor H. D. Marsh and Ms L. Femandes (JCU) 

Collaborators Drs P. Moran (AIMS) and T. Done (AIMS) 
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