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PREFACE:

The information given in this document has been extracted from
research reports given to the Study Leader by the relevant Chief
Investigator(s). This information reflects the progress made since
the Crown-of-thorns Study began almost 7 months ago. During this
period good progress has been made in nearly all projects and in two
cases the results from research already have been described in papers
which have been submitted for publication in the scientific
literature. It should be noted that of the 36 projects funded by the
Assessment Panel (see Summary Document, April 1986) only 4 have not
begun. Two of these have been dropped entirely from the Study due to
funding restrictions imposed by the Government in its 1986/87 budget
(see Projects 2(f) & 2(g)). The other two projects have not started
as yet since they are concerned with investigating aspects relating
to the larvae of A. planci. By the time funds were given the spawning
season had finished and few larvae could be obtained for these
projects. It is planned that they will begin towards the end of this
year with the advent of the spawning season (see Projects 5(c) &
5(h)).

Whilst progress in most other projects has gone according to
plan some setbacks have been experienced in particular projects due
mainly to logistic difficulties (eg. equipment failure). Where such
difficulties have been experienced they have not been sufficient to
significantly alter the objectives or progress of the projects

concerned.
The 1986/87 fiscal year will be an exciting one since it is
anticipated that the first major results from most projects will be

forthcoming in this period. Also, it is likely that a synthesis of

our knowledge of the phenomenon may start to be realised involving
the results from several different disciplines. |t should be borne

in mind that up to the present time progress in many of the projects
has involved such tasks as planning experiments, purchasing
equipment, hiring personnel, and beginning field work. By the end of
the 1986/87 fiscal period it will be possible to accurately assess
the value of projects (based on the results obtained) and to
determine future scientific goals. At the moment, planning of future
research endeavours is made more difficult since no continuity of
funding has been assured for the overall COTSAC Program. This is not

conducive to planning and conducting "longer term" projects. A more



cost-effective and efficient way of planning this large Study could
be gained by ensuring that funds are available for the next 3 years
as recommended by COTSAC.



PROGRESS OF RESEARCH: AIMS PROJECTS

1. Population dynamics of predator.

(a)Geographic patterns in genetic variatton of Acanthaster planci
populations. (Chief Investigators: Dr J. Benzie, Dr J. Stoddart).

Dr J. Benzie was appointed during late Juiy to undertake the
research in this project in collaboration with Dr J. Stoddart (AIMS).
Since then sampling of several outbreaking populations on reefs near
Townsville (Wheeler, Grub and Stanley) has been conducted. Analysis
of these samples is underway. Also, the experimental design of the
sampling component of this project is being planned and equipment and
chemicals for the electrophoretic analyses are being purchased.

Visits by Dr Stoddart to the Evolutionary Biology Unit (SA) and the
Department of Conservation and Land Management (WA) (prior to Dr
Benzie's appointment) provided the basis for technique development

and future sampling efforts, respectively.

(b)Inheritance patterns of isoenzymes in Acanthaster planci. (Chief
Investigators: Dr J. Stoddart, Dr R. Olson).

Towards the end of the 1985/86 breeding season, one attempt was
made to cross animals of known genotype. Problems with the culturing
of larvae on that occasion prevented any electrophoretic analyses. As
additional gametes could not be collected after that time (since no
ripe adults could be found) the project had to be discontinued but it
will recommence during the 1986/87 breeding season. Despite this
setback techniques for analysing the micro quantities of tissue

available from a metamorphosing larva have been developed.

(c)A field test of the larval starvation hypothesis for Acanthaster

planci. (Chief Investigator: Dr R. Olson).

In November 1985 six in situ culturing systems were assembled on

a single,large table. This equipment was used in December to conduct
the first field test of the larval starvation hypothesis. The object
of this experiment was to determine: 1. Whether it was possible to



rear the larvae of Acanthaster planci to settlement in the absence of

elevated food levels. 2. Whether the time to settlement on natural
food levels is appreciably longer than under conditions of food
satiation.

This experiment was most successful as larvae were reared to
settlement in just 14 days (two days shorter than previously
reported) in the absence of elevated food levels. Food satiation made
little difference to larval success, suggesting that larval
development may be optimal under normal conditions. The results of
this project have been written up and submitted to the Journal
Limnology and Oceanography.

Although the results of this first experiment cast considerable
doubt on the larval starvation hypothesis there are a number of
further experiments which need to be conducted as part of this same
topic. One such experiment was conducted recently in Japan (during
the spawning season in the northern hemisphere) to determine what
effect the size of the culture chambers has on larval development.
Additional experiments that involve testing whether coral reef
lagoons act as "incubators" for Acanthaster larvae will be conducted

at the end of this year at Lizard Island.

(d)Fertilisation rates of Acanthaster planci in the field. (Chief

Investigator: Dr R. Olson).

This project was planned to commence during the 1986/87 fiscal
year. However, in view of the results that have already been obtained
from the in situ culturing experiments several new and more important
questions, to that raised in this project, have been developed. As a
consequence it is planned to replace this project with one that
investigates whether tactile stimulation is an important primary

settlement cue for larvae of Acanthaster planci. The proposed aims

and methods of this project are given in a separate document (see
Recommendations to Assessment Panel: October, 1986).

(e)Substrate selection by larvae of Acanthaster planci. (Chief

Investigator: Dr R. Olson).

Although there exists anecdotal information to suggest that



Acanthaster larvae are selective in their choice of settlement site,

there have been no quantitative studies conducted on this subject.
Observations during recent larval experiments in Japan suggest that

coralline algae are not necessary for Acanthaster larval settlement,

but they do appear to enhance settlement. At the end of the in situ
culturing experiments two species of coralline algae (one from the
top of the reef in an exposed habitat and the other from a cryptic,
low light intensity, habitat) were offered to brachiolaria larvae.

All settlement occurred only on the latter type suggesting that even

within the coralline algae there may be some settlement specificity.

A series of experiments will be conducted at the end of this year
using substrata of different types to further test this notion. In
addition, the in situ culture systems will be used to determine

whether the chemicals that are known to be released from coralline
algae are sufficient to enhance larval settlement over a distance.

(f)Development of techniques for the production of large numbers of
larvae and juveniles of Acanthaster planci. (Chief Investigators: Mr
P. Dixon, Dr R. Olson).

Two culturing systems have been successfully tested for this
project at the end of the last spawning season. One system is
laboratory based and consists of eight 4 litre beakers equipped with
stirrers and continuous flow food supply. This system is capable of
producing about 30,000 larvae every 2-3 weeks. The second method
utilises the in situ techniques developed for project 1(c). By using
new 20 litre chambers it will be possible to develop about 15,000
larvae (ready for settlement) from each culture system. Newly settled
juvenile starfish will be maintained in flow-through perspex chambers
which have already been constructed. It is anticipated that enough
larvae will be produced to satisfy the requirements of several
projects (eg. project 5 (c)) and that approximately 5,000 juveniles
will be available to enable experiments to be undertaken in the
field.

In conjunction with this research a series of experiments have
been initiated recently which seek to determine whether cryogenic
techniques can be developed to store gametes and larvae obtained

~during a spawning season so that they can be used during times when



they are not available ( i.e. during non-spawning periods or when
adults become rare). At present several tests are being undertaken to

determine the most appropriate cryoprotectant for this study.

(g)Feeding rate of Acanthaster planci in the field. (Chief

Investigators: Dr P. Moran, Dr D. Klumpp, Assos. Prof. J. Lucas
(James Cook University), Mr J. Keesing).

A postgraduate scholarship was made available for this study and
it was taken up by Mr J. Keesing in July. Since then the experimental
design of this project has been developed and field equipment has
been purchased. Several laboratory based experiments have been
conducted to test the most suitable means of tagging individual
starfish over short periods of time (i.e. 2-3 days). Collections of
different types of corals have been made to ascertain the likely
amount of biomass removed by starfish when they feed and the
comparative nutritional values of a variety of corals. Cageing
experiments will be conducted in the field towards the end of this

year to compare the feeding rates of different sized starfish.

(h)Feeding preferences of Acanthaster planci in the field. (Chief

Investigator: Dr P. Moran).

Field surveys of approximately 2,000 individual starfish have
been conducted to date. These surveys have involved recording
approximately 20 different parameters for each starfish. They have
been conducted on the following outbreaking reefs: Helix, Wheeler,
John Brewer and Stanley. It is anticipated that records for almost
5,000 starfish will have been obtained by the end of the 1986/87
fiscal year. Such information will be of enormous importance in
determining whether starfish show a particular preference for certain
types of coral, whether they tend to feed diurnally or nocturnally
and the factors which may influence this behaviour.



(i)Rate of decomposition of adult A. planci in the field (Chief

Investigator: Dr P. Moran).

Preliminary experiments have been conducted on John Brewer reef
where the decomposition of 40 dead starfish (killed in freshwater)
was monitored over a 5 day period in 4 permanent study plots. The
results from this experiment showed that the decomposition of
starfish in the field is likely to vary considerably and that this
may be dependent on the location of the starfish and the amount of
predation which may occur on the dead bodies. In the case of the
latter factor this was found to be highly variable and a list of 15

species of animals were recorded to prey on the remains of the

starfish. This study will be carried out over a longer period of time
as many of the starfish had still not fully decomposed by the end of
the fifth day. Also the surface sediments at these sites will be

sampled next year to determine whether accumulation of the skeletal
remains of these starfish has taken place since the experiment began.

(j)Ephemeral patches of phytoplankton in the central Great Barrier
Reef as a potential food source for larvae of Acanthaster planci.
(Chief Investigator: Dr M. Furnas, Mr P. Liston).

A postgraduate scholarship was offered to Mr P. Liston in August
to undertake the research in this project. Apart from this, progress
has been made on developing a continuous pumping and data logging
system for measuring phytoplanton abundance in the field. All major
components for this equipment have been ordered or received. At
present, constructions are proceeding on sampling gear and the power
supply and interface board for the logging system. The software which
has been previously used to run the logging system is currently being
converted to enable it to work on a more modern computer. The first

field trip for this project is to be conducted in early January 1987.



2. Dynamics of prey and ecosystem context.

(a)Recolonisation and recovery of coral communities. (Chief
Investigators: Dr T. Done, Dr P. Moran).

Both phases of this project have progressed on schedule. They
involve photo-digitisation and interpretation and line transect
studies. Digitisation of approximately 25% of all archived
photographic material has been completed. This has been made possible
through the part-time employment of an experimental scientist. Funds
originally designated for additional digitisation equipment (see AIMS
proposal, December 1985) were used for this purpose. Progress in this
study would have been greater except for an intermittent fault in the
digitising equipment. This has been rectified and it is anticipated
that all digitisation will be completed by the end of 1986.
Subsequent tasks will be to conduct photogrammetric analyses of the
digital data stored on computer and to compile various life history
data.

Permanent markers for the line transect study sites at John
Brewer Reef have been erected. Resurveys of the coral communities at
these sites will be conducted in February 1987 in conjunction with
surveys for the ground-truthing of LANDSAT imagery (see project
4(b)). A further 3 permanent transect sites (where corals were
recorded to the generic level) have been established on Bowden Reef
in the hope that it will experience an outbreak of starfish in the
near future. Surveys of corals at these sites were completed during
July this year. With the advent of an outbreak of starfish at Wheeler
reef permanent line transect sites surveyed in 1984 will be
resurveyed next year to monitor the recovery of the coral
communities. This task is especially important as these communities
were not affected by starfish outbreaks in the 1960s and 1970s. It is
anticipated that this will be completed by the end of 1987.



(b)!Interpretation of the history of disturbance to coral
communities through analysis of morphology and population structure
in massive Porites spp. (Chief Investigators: Dr T. Done, Assoc.

Prof. P. Sale (Sydney University)).

Progress has been made in the refinement of the
Porites/Crown-of-thorns model. A manuscript on this work is near
completion. Field work for this project has just been conducted on a
number of reefs between Cairns and Townsville. The preliminary
findings from this work indicate several extremely interesting
results concerning the possible occurrence of outbreaks of starfish
in the past. Surveys of the population structure of Porites spp. in
the Capricornia area have been planned and will take place during the
summer of 1986/87.

(c)Genetics of population fluctuations of corals. (Chief
Investigator: Dr J. Stoddart).

To date, 600 samples of the coral, Acropora digitifera,

(original choice of species being A. humilus)(see AIMS proposal,
December 1985). have been collected from 2 sites and analysed
electrophoretically. One site representing a °before outbreak'
population was established at Wheeler Reef , where substantial

A. planci predation of corals is now occurring. This population will
be resampled if it is heavily predated in the future. The other site
sampled was at Heron Island and the corals collected represent a
population with a low history of predation. Sampling of corals will
continue at new sites over the forthcoming year. The results from
this work will be integrated with that obtained by the AIMS Reef
Studies Group which is examining genetic patterns within this species
of coral.

(d)Growth and survivorship of coral remnants following outbreaks of

Acanthaster planci. (Chief Investigator: Dr T. Done).

The permanent study sites at John Brewer Reef have been remapped
for coral remnants as originally planned. The number of surviving
remnants has declined at these study sites. Similarly, coral growth
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rates and recruitment of new colonies is very low. Resurveys of these

areas will be continued over the next year.

(e)Effects of outbreaks of Acanthaster planci on fish communities.
(Chief Investigator: Dr D. Williams).

Visual censuses of the major fish families have been conducted
during May 1986 on 3 reefs affected by A. planci (Rib, John Brewer,
Lodestone) and one which has not been affected by this starfish
(Davies). The results from these surveys confirm earlier observations
of major decreases in the densities of coral-feeding butterfly fishes
as well as in the densities of two of the most abundant planktivores,

Chromis atripectoralis and Pomacentrus popei, on reefs that have been

affected by outbreaks of A. planci. A decrease in the density of the
latter species has lagged behind that of the butterfly fishes by
almost 12 months. Studies of recruitment to these reefs in early 1986
confirm an earlier hypothesis that this decrease is the result of
recruitment failure following the outbreaks. No changes in the
abundance of algal-grazing species or commercially important coral

trout, Plectropomus spp., were detected in the May surveys. Studies

of adult fish and recruitment will be continued throughout the next

year.

(f)Effects of outbreaks of Acanthaster planci on the interaction

between corals and algae: trophodynamic implications.
(Chief Investigator: Dr D. Klumpp).

This project has been dropped from the Crown-of-thorns Study.
Originally it was planned that a Research Scientist would be
appointed to carry out the work in this project in collaboration with
Dr D. Klumpp (AIMS). A suitable applicant was chosen for the position
although no formal offer of employment was made because it was not
known whether the overall Study would be fully funded by the Federal
Government in the 1986/87 fiscal year. Because of a significant
reduction in the amount of funds allocated to this Study for the
ensuing year it was decided that new projects or new appointments in

staff could not be initiated.
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(g)Effects of outbreaks of Acanthaster planci on the interaction

between scleractinian and alcyonacean corals. (Chief Investigator: Dr

T. Done).

This project also has been dropped'from the Crown-of-thorns
Study. Like the previous project a suitable candidate for the
position had been chosen scine imonths ago but the offer of employment
was deliberately delayed until it was known whether the Federal
Government would continue to fund the Study. As these funds were
significantly less than what was expected it was decided not to
proceed with the project and therefore the candidate was not

appointed.

3. Interaction of predator and prey.

(a)Macro-scale studies of the distribution and abundance of
Acanthaster planci and corals (Chief Investigators: Mr D. Johnson, Mr
D. Brunckhorst, Mr C. Mundy, Ms D. Bass, Dr P. Moran, Dr R. Bradbury,
Dr R. Reichelt).

Over the last 6 months a sampling protocol for this project has
been devised. Also all necessary field and logistical equipment for
the surveys have been obtained. A major development during the
initial stages of this project has been the establishment of a
comprehensive database on the Institute's main computer. This
database was established to provide easy access to information which
can be used for the following activities: 1. The selection of reefs
to be surveyed. 2. The planning and budgeting of field trips. 3. The
writing of technical reports.

In addition to this, 11 reefs within the Cape Upstart region
(just south of Townsville) and 9 reefs off Townsville have been
surveyed. The results from these surveys have been processed and a
general analysis of the data has been completed. Reefs at the far
north and south of the Great Barrier Reef will have been surveyed by
the end of 1986.
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(b)Mesoscale studies of the distribution and abundance of

Acanthaster planci on selected reefs. (Chief Investigator: Dr P.

Moran).

During 1986 surveys of crown-of-thorns and corals have been
continued on John Brewer Reef (6/3/86), Wheeler Reef (7/3/86,
13/8/86), Bowden Reef (7/4/86, 15/8/86), Helix Reef (10/4/86,
7/5/86), Stanley Reef (16/8/86), Davies Reef (15/8/86) and Rib Reef
(5/5/86). Although it was not originally planned to be surveyed
Stanley Reef has been included in the Study because of the large
number of smaller starfish which have recently been recorded there
(as part of Project 1(h). Each of these reefs will have been
resurveyed at least once by the end of the 1986/87 fiscal year. To
date, these surveys have produced several interesting results
relating to the pattern and duration of outbreaks on these reefs.
They also indicate that outbreaks may continue for considerable
periocods of time (4-6 years) on some reefs as a result of the further
recruitment of starfish. This is being investigated in more detail by
conducting the predator preference studies (see project 1(h)) also on

these reefs.

4, Technological and analytical methodology.

(a)Ennancement of substrate reflectance in Landsat imagery with
special attention to reef damage by Acanthaster planci. (Chief
Investigators:Dr D. Jupp (CSIRO), Dr R. Reichelt).

This project has advanced through the following actions:
1. Training of COTSAC member in microBRIAN analysis at CSIRO
(Canberra) and at AIMS.
2. Development of computer software for microBRIAN for the
specific hypothesis being investigated in this project.
3. Preliminary analysis of John Brewer Reef depth data using
the microBRIAN system.
4. Purchase of image tapes for reefs off Townsville.
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Depth data exists for approximately 18 reefs in the Townsville
region. It is proposed that depth channels be constructed for a set
of reefs and integrated with Landsat data to test the substrate
enhancement hypothesfs of the project. Following this the images
obtained for John Brewer Reef will be rectified and resampled. They
will be provided with a depth channel and the algorithms hypothesised
as enhancing reflectance will then be applied. Field data obtained
from other projects (eg. project 3(b)) will be collated as data
channels into the microBRIAN system and tested for correlation with
the enhanced imagery. Progress in this project has been retarded to
some extent because of hardware faults in the microBRIAN system. As
the system is now operational it is anticipated that the project will
be completed during the first half of 1987.

(b)Evaluating procedures for the verification of Landsat images
with reference to the effects of outbreaks of Acanthaster planci on

reefs. (Chief Investigator: Dr R. Reichelt).

As in the previous study progress in this project has been
affected due to hardware faults in the microBRIAN computing system.
As a consequence, the field trip scheduled to John Brewer Reef to
verify the Landsat data has been postponed. However, while these
delays are being experienced the field component of the project is
being planned in more detail. To this end several discussions have
been held with experts from other institutions (CSIRO, GBRMPA) to
devise the most appropriate field strategy for this project. This
involved a consideration of the following: the type and form of
biological data to be collected; the most suitable method for
collecting this data, study sites to be used; means of locating study
sites on aerial photographs and classified images. The actual
"ground-truthing" part of this study will be undertaken in March 1987
in conjunction with substrate reflectance research to be conducted by
the CSIRO,
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(c)Numerical models of the hydrodynamic regime around schematised

and actual reefs (Chief Investigators: Dr K. Black (VIMS), Dr J.C.
Andrews).

This project encompasses a comprehensive modelling program to
simulate 11 actual reefs on the Great Barrier Reef as well as
numerically examining schematised reef shapes. The type of modelling
being undertaken is: 1. hydrodynamic (tidal, wind and long-period
current circulation); 2. wave induced circulation (wave currents
across reef flats ); and 3. larval dispersion (using a pollution-type
Lagrangian model).

Significant progress has been made in all 3 categories. The
hydrodynamic modelling has advanced with completed simulations of
Davies, Wheeler, John Brewer and Green Island reefs. Field data for
the other locations has been digitised, some additional bathymetries
have been digitised and continuing discussions are being held with
the collaborators about the history of crown-of-thorns starfish on
the selected reefs. In some instances the results have been most
enlightening and a paper ("Eddy formation in non-steady flows") has
been submitted to the Journal of Geophysical Research as a direct
result of this research.

Wave modelling has been enhanced by the modification of a wave
refraction computer model (developed by Dr Black) to provide a higher
order accuracy solution. This has already been undertaken for Davies
reef and the bed friction for the model was obtained by simulating a
coral reef on the south shore of the Hawaiian Istland of Oahu.

The project is now ready to enter the stage of simulation of
larval dispersal. The computer model for this is operating and
verification tests have been undertaken. Initial simulations of
Davies reef show the complexity of the advection/dispersion processes
on the reef.

Simulations of the selected reefs and the larval dispersal
modelling will be completed on schedule. With these results and
utiHsing results from other projects in the Crown-of-thorns Study,
it is planned to provide an overview and to identify the important
phenomena responsible for the dispersal and settlement of

crown-of-thorns starfish at the small-scale on the Great Barrier

Reef.
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(d)Numerical models of the hydrodynamic regime at John Brewer Reef.
(Chief Investigators: Dr J.C. Andrews, Dr K. Black (VIMS)).

The initial phases of this project have only just begun as its
development relies on the amount of progress made in the previous
project (see AIMS proposal, December 1985, for more details). To
date, a small portable computer has been purchased (with hard disk
attachment) to house the flow model (barotropic) that has been
developed at the Victorian Institute of Marine Scienée and used in
project 4(c). As the progress in project 4(c) is on schedule it is
anticipated that the Experimental Scientist employed to initially
assist Dr Black will transfer to Townsville at the beginning of 1987
and help Dr Andrews in establishing the flow model to be used for the
study on John Brewer reef. Plans are currently being developed for
the field component of this project

(e)Dispersal of Acanthaster planci outbreaks over the whole Great
Barrier Reef: a simulation study. (Chief Investigator: Dr R.
Reichelt).

The first stage of this project has now been completed. This has
involved writing a large general computer program ("shell") which
will contain the actual detailed models. This program has been
developed to run on the AIMS computing system and is in the process
of being transferred to run on the Cyber 205 supercomputer. Visits to
the Institute by Dr M. Dale (CSIRO Cunningham Laboratories) and Dr D.
Green (ANU) have greatly facilitated the progress of the project.

(f)Analyses and models of existing data. (Chief Investigators: Dr
R. Bradbury, Dr R. Reichelt, Mr S. Bainbridge, Dr P. Moran).

The first stage of this project has been successfully completed.
This has involved the extraction of a series of working data sets
from the main crown-of-thorns starfish data base which was
established (from records obtained from the GBRMPA and the 1985/86
CCEP Starfish Survey) at the beginning of this year. Analyses have

been made of the °years x latitude' data set in collaboration with
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Dr W. Grev (Biologische Anstalt Helgoland, Hamburg) using his suite
of modelling techniques. It is anticipated that this particular
research will be completed by the end of 1986. Analyses of °reef
states through time' are presently being undertaken using parallel
grammar inference engines developed by Dr M. Dale, and using Markov
approaches to the transitions of states through time. Multivariate
analyses of the geographic data set are also being conducted.

(g)Tagging of Acanthaster planci using micro-injectable

transponders. (Chief Investigators: Dr P. Moran, Mr R. Peden (Deakin
University)).

Over the last 6 months research has concentrated on improving
the interrogation distance (i.e. the distance over which the
transponders signal can be picked up) of the micro-injectable tagging
system (ldentification Devices Datascan Unit). This highly
experimental work has met with some success as tests carried out at
Deacon University have succeeded in developing a new antenna for the
Unit (which is circular in shape and 31 cm in diameter) which enables
the transponders to be read if they are located anywhere inside the
plane of the antenna or up to 10cm outside it. This would mean that
tagged starfish of average size could be easily interrogated using
this method.

As these tests had been conducted in air the antenna unit was
then waterproofed and measurements were taken in seawater. The
results from these tests indicated that almost 50% of the energy
transmitted from the new antenna would be lost to the surrounding
environment. Additional experiments have shown that this loss may be
overcome by increasing the electromagnetic pulse being generated from
the Datascan Unit. Redesign and reconstruction of this complex system
is needed if this problem is to be overcome.

The initial stages of this work is presently being undertaken at
Deakin University and will be completed by the beginning of 1987. It
is anticipated that the system will be available for testing on a
captive population of starfish in the field by April/May 1987, unless

further major technical difficulties are experienced.
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PROGRESS OF RESEARCH:EXTERNAL PROJECTS

6(a)Determination of Acanthaster reef flat infestation patterns by
low level aerial photography. (Chief Investigator: Assoc. Prof. D.

Hopley (James Cook University)).

The following work has been carried out since the project

started in April this year.

1. A series of 35mm intra-red photographs of A. planci have
been taken. Like other echinoderms it shows a relatively strong
reflectance within the near infra-red part of the spectrum. This is
to be investigated further.

2. A series of photographs of a number of reefs off Townsville
were obtained on June 22 (tidal height: -0.1m, cloud ceiling:
4,000-5,000 ft.). These reefs included; John Brewer Reef (leeward and
windward margins; colour film), Helix Reef (total area at low and
high level; colour and infra-red colour), Grub Reef (single transect
across reef from leeward to windward margin; colour and infra-red
colour) and Wheeler Reef (total area; colour and infra-red colour).

The photography obtained was of high quality and clearly shows
the value of colour infra-red film in mapping reef tops.
Unfortunately it does not appear to be possible to pick out
individual A. planci in shallow water on reefs as originally proposed
in this project. However, the low level flight across Helix Reef does
suggest that there may have been aggregations of starfish on the reef
top. As it was not possible to groundtruth these close to the time of
photography it may be necessary to further test for such results.
Despite this, what is very clearly shown from the results on all
reefs, is that areas recently killed by Acanthaster can be readily

identified using colour infra-red photography. Such a technique will
be extremely valuable for examining the general patterns and rates of
recovery of corals in shallow water.
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6(b)The dynamics of physiological parameters of high density
crown-of-thorns populations (Chief Investigator: Assoc. Prof. J.
Lucas (James Cook University)).

This project has 3 objectives. Firstly, to determine whether
there are detectable physiological symptoms of aging, nutritional
status and unfavourable environmental conditions in outbreaks of
crown-of-thorns starfish and how these change during the course of
such events. Secondly, to ascertain whether the growth of starfish is
indeterminate or determinate. Thirdly, to develop an energy budget
for the crown-of-thorns starfish. Finally, to determine whether it is
possible to age starfish through: 1. cellular age pigments; 2. growth
rings and layering in skeletal components; 3: analyses of spine
length/body diameter ratios.

Funds for a substantial part of this project have been gained
through other sources (Marine Sciences and Technologies Scheme).
Those given under the Crown-of-thorns Study were used to supplement
this amount, particularly to employ a Research Assistant to help
process the many samples already obtained in this project. These
funds also were used to purchase equipment which would greatly
facilitate this work.

It should be noted that the fourth objective is new and is
research that is proposed to be undertaken during 1987 (see
Recommendations to Assessment Panel: October, 1986). It has been
included because, to date, no satisfactory method of determining the
age of crown-of-thorns starfish is available. This has been a
disadvantage for the present project and for many other population
studies of this starfish. It will continue to be a problem for
successful modelling of crown-of-thorns population dynamics,
especially for reefs receiving repeated outbreaks.

Progress during this year has followed the original schedule
with field trips to Keeper and Helix reefs on a number of occasions.
As insufficient starfish could be found at Keeper reef in February
sampling for physiological studies has been suspended until the end
of the year. This allowed extra time to be devoted to the Helix reef
collections, which with other shiptime, will enable a comprehensive
assessment of the reproductive physiology of mature starfish on this
reef immediately prior to spawning.

Laboratory analysis of the samples is proceeding on schedule
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with the recently acquired electronic balance facilitating faster
sample processing. Unavoidable delays in obtaining the semi-micro
bomb calorimeter has caused inconvenience in the calorific analysis
of winter reproductive material.

Analysis of the data obtained from starfish in the Capricornia
section (field trip in March) and Helix and Keeper reefs has shown
interesting trends in the relationship between size versus specific
metabolic rate and organ indices. A subset of these data, dealing
with size dependent variables during the October 1985 sample period,
was prepared for publication (also presented at the Second
International Symposium on Indo-Pacific Marine Biology) and is
currently under review (Bulletin of Marine Science).

Valuable data on metabolic patterns in A. planci have been
gleaned from monitoring juvenile and adult activity patterns,
including preliminary work on estimating the relationship between
distance covered and metabolic oxygen consumption. Between now and
the end of the year the major impetus will be towards working up the
huge database of physiological and morphological parameters, with a
view to establishing guidelines for the final year's research.

Helix reef is still proving to be an ideal site for this study
of the dynamics of an outbreak population of A planci. Starfish
numbers peaked in the summer of 1985, at which time the coral cover
was declining rapidly. Starfish health, as measured by a suite of
parameters, has declined noticeably since then, and it appears that
starfish numbers are also beginning to wane. There is every reason to
expect that these numbers will continue to decline so that by this
time next year very few starfish will remain on Helix reef. The
population outbreak should have run its course within the 3 year time

allocation of this project.

6(c)A study of the temporal and spatial distributions of
Acanthaster larvae in relation to survival and dispersal. (Chief

Investigator: Dr R. Hartwick (James Cook University)).

The original aim of this project was to obtain information on
the occurrence, movements and changes in abundance of Acanthaster

larvae by sampling close to a high density population of spawning
starfish. Unfortunately this part of the project has not been
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conducted as yet, since the spawning season had finished by the time
funds had been given. In some ways this has been an advantage as it
has allowed more time to prepare for this "high risk" undertaking. As
a consequence it is now planned to conduct the field sampling
component of this project from 2-12 January at Wheeler reef, in
collaboration with Dr M. Furnas (see project 1(i)). As Wheeler reef
has a large population of adult starfish on it at the moment it
offers the best chance of being able to achieve the objectives of
this project. Information on the reproductive state and spawning of
these starfish will be obtained, where possible, for the time of
sampling by Dr P. Moran.

6(d)Simulation of large-scale population dynamics of
crown-of-thorns starfish in the Great Barrier Reef system. (Chief
Investigators: Dr M. James, Dr L. Bode, Prof. K. Stark, Mr L. Marsh,
Mr |. Dight (James Cook University)).

Under the direction of the chief investigators, the development
of appropriate modelling techniques is well underway. Mr l. Dight has
been appointed as full-time Research Officer to the project and has
begun development of an initial numerical model based around a
hypothetical assemblage of reefs. Identification of the biological
and physical components most crucial to modelling the major processes
involved has been an important aspect of the research to date. One
such process is concerned with the dispersal of the larvae of A.
planci. The hydrodynamic model envisaged to simulate the dispersal

process will be derived from existing software developed originally
to study tropical cyclone surge. The existing model, already
successfully modified and tested, will be further developed for the
present purpose. This model will be two-dimensional and

depth-integrated with forcing for the determination of net particle
advection provided by input of barometric, bathymetric, tidal
constituent and wind stress data superimposed upon the effect of the
East Australian current. The longitudinal and lateral concentration
distributions of larvae are to be determined by means of a separate
two-dimensional mass transport calculation driven by the velocity
field. Recognising that Eulerian (fixed reference frame) methods are
inherently unsuitable for such calculations, two alternative methods
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based on Lagrangian considerations (moving particles and moving
meshes) are being investigated for their suitability. Each of these
can be combined with a separate dispersive component.

Another important aspect of the project has involved an
assessment of the potential role of epidemics in the distribution of
Acanthaster populations. This process is presently being modelled
using field data obtained from a large population of juvenile
starfish on Suva Reef, Fiji. The results of preliminary epidemic
models are encouraging. The models predict both the severity of an
epidemic in relation to population size and distinguish between the

likely pathogens (i.e. bacteria, virus and protozoa). It is
anticipated that a selected epidemic model will ultimately be
incoporated into the simulation model of the large-scale population

dynamics of A. planci.

6(e)Field studies of aspects of the ecology of Acanthaster planci.
(Chief Investigators: Dr R. Endean, Dr A. Cameron (University of

Queensland)).

Over the last 6 months field surveys have been conducted on
Normanby lIsland reef, Green Island reef, John Brewer reef, Beaver
reef, Potter reef, Rib reef and Grub reef to locate suitable
populations of persistent, long-lived, coral species such as Porites,
Diploastrea, and also favids and mussids. Apart from Normanby Island

(which experienced outbreaks in the late 1960s), these reefs have all
been recently affected by outbreaks of A. planci. A further series
of sites are being established on Heron Island and Lady Elliott
Island reefs which have no previous outbreak history. The population
structures of the persistent species at these sites are being
compared with those on reefs which have suffered recent outbreaks to
determine the extent to which these types of corals have been
affected by outbreaks of A. planci. These surveys also include
careful searches of substrata to identify recent recruits of these
species. This information will be used to determine the role of
outbreaks in the recruitment of massive corals. Apart from the
demographic surveys (which include measurements of the spatial
distribution and size - heights, diameters and circumferences - of

colonies), maps are alsc being prepared of the extent of damage
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sustained by particular colonies. These maps will be used to monitor
the recovery of these colonies through time.

6(f)Dynamics of recruitment and the densities of juvenile
crown-of-thorns starfish between 15 S and 20 S on the Great Barrier
Reef (Chief Investigator: Dr P. Doherty (Griffith University)).

Once contracts for this research were exchanged in April 1986,
Mr J. Davidson was appointed as Research Assistant to this project.
By the time this was done, it was several months after the time of
spawning when the youngest starfish (0+ individuals) can be found.
Given this and the finding of 50-100mm (1+ individuals)(i.e. recruits
from the 1984/85 spawning season) in various habitats on several
reefs off Townsville some minor changes were made to the sampling
design of this project. As information from studies conducted in Fij
have indicated that 1+ individuals are not likely to have moved far
from the site of settlement it was decided that the presence of these
starfish on reefs provided an unexpected opportunity to learn more
about the settling preferences of larvae. Accordingly, the sampling
design of this project was modified to get the best estimates of the
distribution and abundance of these larger starfish.

The final design which was chosen (taking into account the need
to standardise current survey techniques for juveniles and the amount
of time available for the surveys) involves taking a pair of samples
(10m x 1 m belt transect) from the base of the windward reef slope,
top of the windward reef slope, the windward reef flat, the leeward
reef flat, the leeward reef margin and the base of the leeward reef
slope. This suite of 12 samples will be repeated at one other site on
each reef giving a total of 240m x 1m per coral reef. This sampling
strategy provides a systematic coverage of the 3 variables; aspect,
depth and substrata. The more controversial choice was between
surveying 4 sites per exposure with no replication and two sites per
exposure with replication. The latter was adopted because this design
will allow the variance in starfish numbers to be partitioned over
two spatial scales.

The first surveys of this project have been completed on 5 reefs
off Townsville (Lodestone, Keeper, Little Broadhurst, Bowden and
19029). These reefs are all located near the coastal side of the reef
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tract and were chosen to complement other research currently being
conducted on juveniles. Two other surveys are planned for reefs south
and north of the Townsville region (i.e. Whitsundays and Innisfail
region). These are to be completed before the end of 1986.

6(g)Analysis of physical mechanisms controlling plankton patchiness
on the Great Barrier Reef. (Chief Investigators: Dr J. Parslow, Dr A.
Gabric (Griffith University)).

This project aims to increase our understanding of the manner in
which large-scale stirring and mixing mechanisms affect plankton
patchiness on the Great Barrier Reef. These processes directly affect
the dispersal of Acanthaster larvae and the statistics of their
recruitment to reefs. The patchiness of larvae will also affect the

statistics of field sampling programmes, and patchiness of larvae and
and their planktonic food resources and predators may be critical to
larval survival.

The length and time scales of the different motions on the Great
Barrier Reef have been identified in a variety of recent studies.
These have been used to calculate the likely cross-shelf and
long-shelf excursions for planktonic patches. Rough estimates of the
dispersion of a patch in an ensemble average sense could be made
using these length and time scales. However, estimating the relative
dispersion of a patch about its centre of mass and the intensity and
space scales of within-patch fluctuations is considerably more
difficult. This problem has received increased attention in the last
6 years or so. So far much of the time in this project has been spent
in reviewing this literature and identifying theoretical approaches
which seem most promising for the Great Barrier Reef.

The approach which presently seems to offer most promise for the
analyses to be conducted in this project is that successfully used by
Zimmermann and Oncle. It should be possible to extend it to calculate
joint particle distributions and therefore calculate parameters
associated with relative dispersion and concentration fluctuations.

It should also be easily adapted (relatively) to the interaction of
predominantly cross-shelf tidal currents and long-shelf wave
oscillations which characterise the Great Barrier Reef. The results

of previous numerical models of tidal and wind-driven circulation may
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be used to estimate the size and velocity characteristics of residual
eddies. It should also be possible to allow for other dispersal
mechanisms such as trapping in reef lagoons or inside channels and
embayments, which may be particularly important on the reef.

Based on this theoretical review and discussions with
oceanographers in Townsville, numerical modelling is already underway
and is likely to continue into 1987.

6(h)Development of monoclonal antibodies against larvae of
Acanthaster planci: a pilot study to detect and characterise larval

membrane markers for this species. (Chief Investigators: Dr P. Hanna,
Dr V. Lee, Dr B. Richardson (Deakin University)).

This research has not commenced since samples of larvae could not
be obtained at the start of the project. This was because the
spawning season had finished by the time funds were given to support
this project. Immunization of mice with intact larvae of A. planci
will commence as soon as samples become available in late October or
early November. In anticipation of screening procedures for the
production of antibodies the following items have been purchased:
ELISA reagents, millipore filters, tissue culture plates and media.

6(i)Dynamics of the Acanthaster/hard coral interaction (Chief
Investigators: Dr V. Harriott, Mr D. Fisk (Reef Research and

Information Services)).

At present, about 70% of the initial broad scale surveys of A.
planci have been completed. The surveys have taken 2 forms:

1. Searches for corals scars, large juveniles and adults by two
divers over a timed 5 minute period at selected study sites.

2. Searches small juvenile starfish in replicate (6) 0.5m x
0.5m rubble quadrats at selected sites.

To date, 22 starfish have been found in the timed swims at a
total of 33 sites. Eight of the 15 sites proposed for rubble searches
have been completed and no 1+ individuals have been found. There is
some indication of possibly 3 overlapping year classes but
interpretation of the size frequency distribution will be left until
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sample sizes are larger. The starfish appear to be patchily
distributed over the area of the reef. Once the initial searches have
been completed, replicate searches will be conducted in the central
and northern sectors of the bommie field to investigate these patches
in more detail. Line transect surveys of areas on Upolo and
Michaelmas reefs, close to where settlement plates for this project
are to be placed, will be completed by the end of this year. This
data will be used to interpret the role of local recruitment in the
settlement patterns observed.
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