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A. PROJECT SUMMARY

1. Project Title and Transit Voyage Number

Please use a short, descriptive title of no more than 10 words.

2. Principal Investigator 

The contact person for this application

 Name:

 Organisation:

 Address:

 Phone: Fax: e-mail: 

3. Chief Scientist

The Chief Scientist is the lead Principal Investigator in the planning, conduct and reporting of the project. 

Do you wish to nominate a Chief Scientist? If yes, please include a brief CV (no more than 1 page).

Chief Scientist name:

Organisation:

Great Barrier Reef phase shift: Gardner Bank to Gardner Reef (SS2012_T02)

Dr Robin Beaman

School of Earth and Environmental Sciences, James Cook University

PO Box 6811,
Cairns, Queensland, 4870

07 4042 1693 07 4042 1284 robin.beaman@jcu.edu.au

Dr Robin J. Beaman

School of Earth and Environmental Sciences, James Cook University
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B. PROJECT DETAILS

4. Project Description

In terms that could be understood by a non-specialist briefly describe your project. Address:

a.  Background

b.  Scientific objectives

c.  Significance

d.  Methods to be employed during the voyage

a. Background. On a global scale, coral reefs are experiencing a period of rapid change. The world has
effectively lost 19% of the original area of coral reefs since 1950, with the loss predicted of 35% of coral reefs in
the next 40 years (Wilkinson, 2008). About 46% of coral reefs are regarded as healthy except for currently
unpredictable global climate threats, which includes the Great Barrier Reef (GBR). The vulnerability of coral reef
habitats to climate change is high as scleractinian corals are highly sensitive to increasing sea temperature and
ocean acidification (Marshall and Johnson, 2007). The increased frequency of coral bleaching due to further
increases in sea surface temperature (SST) will cause a decline in coral cover, increases in algal dominance,
and shifts towards species that are more thermally tolerant. Exceptions to this pattern may occur at the southern
limits of the GBR where tropical carbonates transition into temperate carbonates. The observed shift of average
marine climate zones south by >200 km since 1950 (Lough, 2008) could potentially result in the GBR extending
south, causing an algal to coral phase shift as coral settlement follows the changing environmental gradient.

The shelf adjacent to Fraser Island is located at the transition between tropical carbonates (GBR) to the north
and cool-water carbonates to the south (Schröder-Adams et al., 2008) and represents an ideal natural laboratory
to investigate this phase shift. On the outer-shelf, Gardner Bank lies in depths of 20-60 m and comprises a hard
substrate of red algal nodules and pebble- to cobble-sized rhodoliths (Lund et al., 2000), under the influence of
the East Australian Current (Harris et al., 1996). Living platey and small massive corals grow in competition with
both red algae and extensive areas of fleshy algae (Davies and Peerdeman, 1998; Marshall et al., 1998). The
projected warming trend in SST would anticipate a phase shift from a red algal-dominated substrate to a
coral-dominated substrate. A hypothesis is that Gardner Bank would form an antecedent surface for future coral
reef development through net coral framework accretion. In effect, Gardner Bank would become Gardner Reef,
therefore it is crucial that the extent, structure and morphology of this potentially important site be investigated.

Scientific objectives. The key questions are: (1) will the GBR tropical carbonate province extend further south
under projected warming trends?; and (2) can relatively shallow, hard substrate geomorphic features within the
tropical/temperate transition zone (e.g. Gardner Bank) provide the necessary habitat to support such as shift?
We propose to address these questions using two independent approaches: (1) Field mapping using multibeam
and seismic methods; and (2) Oceanographic numerical modelling. The field mapping will provide the critical
baseline maps to characterise the substrate of Gardner Bank for the potential to provide a suitable habitat for
subsequent coral reef growth. The numerical modelling will be conducted by AIMS and CSIRO who are
developing a 3D whole-of-GBR hydrodynamic model (http://www.rrrc.org.au/mtsrf/theme_2/project_2_5i_1.html).
The aim of the hydrodynamic model is to provide a capability to support the prediction and analysis of
connectivity and exchange of material, including larvae, throughout the GBR. The model will be used to predict
the trajectory and spatial distribution of coral larvae in the southern GBR under warming scenarios.

c. Significance. Climate change is driving shifts in environmental conditions that are beginning to exceed the
tolerances of many GBR species and affect key processes (Marshall and Johnson, 2007). For the reef-building
corals that provide the foundation of the entire ecosystem, they must either adapt to the range of threats due to a
warming climate or die. A potential adaptation is to colonise areas that have previously been marginal for growth
due to lower SST or a lack of suitable substrate. The observed southern shift of average marine climate zones
by >200 km in the past 60 years, strongly suggests that the range for coral growth will also shift south and lead
to an expansion of the GBR. Geological precedence for extension exists as fossil coral reefs grew in northern
NSW during the last inter-glacial (122 ka; Pickett et al, 1989). Consideration should be given increased
conservation measures for sites outside of the current GBR Marine Park that may provide indications of
enhanced coral growth. These sites may be suitable as compensation reefs for the degraded reefs further north.

d. Methods. The field mapping would utilise the Topas seismic profiler and Simrad EM300 multibeam system on
the RV Southern Surveyor to map the extent of Gardner Bank. The high-resolution sub-bottom, bathymetry and
backscatter datasets will then be used to develop seabed character maps and sub-surface information that show
the detailed spatial extent and geomorphology of the bank. The acoustic datasets, in conjunction with existing
groundtruth samples, will be used to fine-tune sediment facies boundaries (Lund et al., 2000), which can then be
used to highlight areas of potentially enhanced coral settlement and growth. Lastly, we propose that the seismic
profiler and multibeam system be run continuously for the remaining transit leg to Fiji, and passes over the North
Moreton Seamount, which lies adjacent to the south-east Queensland margin in the Tasman Sea. The transit is
an opportunity to acquire new data to help improve our understanding of these important seamount ecosystems.



4        SCIENCE TRANSIT VOYAGE APPLICATION FORM –  Marine National Facility, RV Southern Surveyor 2011-2012 2 0 1 0 0 9 2 8

5. Project Outcomes and Outputs

Briefly summarise the expected outcomes and outputs of your project.

a) The scientific outcomes

b) International collaboration

c) Opportunities for student involvement 

d) How you intend to disseminate the results of your project.

6. Other Principal Investigators

Please list the names and affiliations of other major collaborators in this project

 Name:

 Organisation:

a) The scientific outcomes. The outcomes of this research will be the integrated acoustic, geomorphology and
substrate data for a key site in understanding the response of the GBR to projected warming trends. The
detailed seabed character maps will provide the vital baseline abiotic datasets used to plan a follow-up MNF
groundtruth study of Gardner Bank as an indicator site for algal-coral phase shifts under changing environmental
conditions. The numerical hydrodynamic modelling will provide understanding of potential transport pathways for
coral larvae in the southern GBR and simulate the hydrodynamic changes under a warming marine climate.

b) International collaboration. Prof Donald Potts, Professor of Biology at UC-Santa Cruz, is a collaborator on this
proposal. He will contribute to discussions on the post-cruise results from the perspective of selecting future
monitoring sites for benthic communities. Dr Juan Braga at the Universidad de Granada, Spain, is one of the
foremost experts on coralline algae, and has contributed to earlier research at Gardner Bank. His input is to help
understand red algae as a potential hardground substrate for the preferential settlement of coral. We anticipate
further international collaboration as Gardner Bank is intended to be a legacy site for repeat monitoring, and the
focus of a future detailed MNF proposal to groundtruth the seabed using cameras, AUV, grabs and cores.

c) Student involvement. While the field survey is focused on an important scientific project, it is also an
opportunity to involve students with an interest in ocean mapping. The bank survey and remaining transit is ideal
for training the next generation of marine scientists in the use of advanced seabed mapping technologies. Under
the guidance of Dr Beaman and a MNF mapping technician, we will directly involve students from USyd, JCU,
UTas and UWA in the acquisition and post-processing of seismic and multibeam data. The student team would
be split into opposing shifts and learn hands-on, while obtaining basic acoustic theory and best-practice ocean
mapping skills. Post-cruise, we anticipate the datasets will be used for Hons and Masters/PhD projects.

d) Dissemination of results. The project results will be communicated through the scientific literature, and
through presentations at domestic and international meetings. Seminars will target international and domestic
conferences which focus on these topics, and also be conducted for marine managers with an interest in the
GBR and resources. The results are likely to generate much interest to the coastal communities of Queensland,
and specific education and outreach programs will be developed for interest groups and the media to emphasise
the rich digital imagery this project will produce.

Dr Jody M. Webster

School of Geosciences, The University of Sydney
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C. PROJECT – OPERATIONAL DETAILS

7. Logistic Requirements for the Project 

a)  Experimental Program 

Describe the sampling / data acquisition program you intend to conduct.  

Attach a black and white map of the proposed voyage track in MS Word accessible format.

b)  Number of hours required to conduct your sampling program. 

Transit Voyages are planned at a speed of 10kts and an allowance of at least 24 hours has been 

added to determine the transit duration in the voyage schedule. The shortest safe route is used. 

Your data and sample acquisition plan must clearly show where you propose that the vessel 

deviate from this route and what speeds you propose to adopt on each leg of the voyage.

c)  Number of berths required? 

Up to ten scientific berths are available, depending on individual voyage requirements – see Advice to 

Applicants. Each Transit Voyage will include one MNF Electronics Support and one MNF Computing 

support person. In addition, three berths will be allocated as MNF Support staff training berths.

d)  Does the project involve working in waters controlled by other countries? 

Please indicate which countries.

The United Nations Convention on the Law of the Sea requires that clearance be obtained before 

research can be conducted in their marine jurisdictions of other nations. Obtaining permits or visas 

for individual scientists on such voyages is the responsibility of successful applicants.

e)  Does the project involve working in Australian Commonwealth, State or Territory protected waters?   

For example Marine Parks, Marine Protected Areas, protected fisheries areas etc?

It is the responsibility of successful applicants to arrange permits and clearances for such work. Any biological samples 

whatsoever collected in Commonwealth waters will require a Scientific Permit from AFMA – see Advice to Applicants.

The vessel would deviate 100 NM north from the original transit point at Moreton Bay to Gardner Bank. The
vessel would survey lines over Gardner Bank for 100% coverage. Lines are approximately 340°/160° and 10 NM
long. Based on swath coverage of about 4 x average depth (50 m), we estimate 24 hours to survey the area. The
vessel would then commence the transit to Lautoka, passing over the North Moreton Seamount. The transit leg
from Gardner Bank is 750 NM to a join point intersecting with the original 790 NM transit leg from Moreton Bay.

Approx. 10 hrs
transit to Gardner
Bank, then 24 hrs
of mapping over
the bank at 10 kt.

Five berths are required: one for the Chief Scientist and four for the ocean mapping students.

The transit from Brisbane to Lautoka travels through waters belonging to France and Fiji.

We would liaise with the Department of Foreign Affairs and Trade and Geoscience Australia to obtain the
necessary permits to survey through these States' marine jurisdictions.

Gardner Bank lies outside of the Great Barrier Reef World Heritage Area and therefore does not require a
GBRMPA permit. The bank also lies outside of Queensland State waters and therefore does not require a permit
from Queensland Government authorities.
The transit takes place outside of the Coral Sea Conservation Zone and therefore does not require a permit.
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f) Equipment, facilities and services

Transit Voyages are not suited to large, complex equipment deployments.  Time for mobilisation will be limited. 

(part i)   Marine National Facility Equipment? Please list below the MNF equipment you may require. Please Note: 

Equipment may be limited to what is already on the vessel. Refer to the SCIENTIFIC EQUIPMENT, FACILITIES AND 

SERVICES REQUIREMENTS form The form can be found at: www.marine.csiro.au/nationalfacility/application

(part ii)  User equipment? Please provide a list giving details of specific 

equipment and requirements for deployment at sea. 

(part iii)  Special Requirements? Please indicate any special requirements you might have –  

for example, space required, power accessibility etc.

(part i) MNF equipment. We require the use of the Topas sub-bottom profiler and Simrad EM300 multibeam
system for the Gardner Bank survey and for the remaining transit to Lautoka.

We also request a single CTD dip prior to the start of the Gardner Bank survey so as to ascertain sound velocity.
We then request XBT drops approximately every 2 degrees of longitude change (~12 XBTs) during the
remaining transit to Fiji. No stopping is necessary for the XBT drops.

(part ii) User equipment. No other equipment required.

(part iii) Special requirements. No other special requirements.
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