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1 INTRODUCTION 

Increasing human population continues to place pressure on coastal fish habitat in many places around the 
world.  Among the many anthropogenic perturbations affecting estuarine environments (e.g. overfishing, 
freshwater diversion, sedimentation and dredging) the most tangible is expansion of urban and industrial 
development along the coastal fringe.  The engineering of waterways in this way massively alters the amount 
of viable coastal wetland habitat available to fishes. Development pressure is also becoming evident in 
tropical Australia (Sheaves and Johnston, 2010; Waltham and Sheaves, 2015), which the most common form 
of coastal engineering including the construction of seawalls.   
 
A fundamental question linked to seascape change from coastal wetland habitats to smooth, engineered, 
foreshore habitats (e.g., seawalls) is how well the newly created habitat mimics natural habitats replaced.  
Theoretical questions raised here include: what are the habitat opportunities lost following construction; 
what the new habitat opportunities are; and what are the best habitat engineering designs in place of natural 
habitats.  However, data available on the habitat role and utility of urbanised estuaries in Australia is limited 
(Chapman and Clynick, 2006; Waltham and Connolly, 2006).   
 
To effectively manage new and existing marine artificial structures continues to challenge industry and 
government organisations (Dafforn et al., 2015). In response, research and development that integrates 
ecological principles with engineering design is emerging with positive outcomes (and benefits). Examples of 
eco-friendly or ‘green’ engineering in urbanised marine environments are emerging overseas (e.g., Seattle, 
Singapore, Europe), but so to in Sydney (Browne and Chapman, 2011), but also in Townsville (Waltham & 
Sheaves In Press). The need to consider and include a balance between coastal development with 
environmental outcomes contributed to the preparation of two planning documents (Fisheries Guidelines 
for Fish-Friendly Structures – Queensland Government; and Environmental Friendly Seawalls – New South 
Wales Government), with both outlining opportunities and benefits for coastal development projects. 
 
The Australian Government National Environment Science Programme (NESP) Tropical Water Quality Hub 
has funded a three year project Best practice coral restoration for the Great Barrier Reef. This project will: 

 Summarise and evaluate the success of coral restoration and assisted recovery techniques 
worldwide and identify the techniques most likely to help the GBR.  

 Experimentally test the most promising techniques.  

 Come up with best practices for post-impact coral reattachment and reorientation.  

 Explore options for training courses, offset models and Indigenous employment. 
 
Direct interventions to assist coral, fish and habitat recovery have been researched and implemented in 
Australia such as transplanting corals, algae removal to promote coral recovery and larval enhancement 
promoting direct coral recruitment. In addition, after physical damage from cyclones, ship strikes or dragged 
anchors, local dive operators and dive clubs (permitted or unpermitted) often attempt to assist the recovery 
of corals by tipping over flipped tabular corals and reattaching broken branching corals or sea fans. These 
latter assisted recovery techniques are rarely underpinned by scientific data on coral recovery. A lack of best 
practice guidelines for these actions limits the chance of success and increases the health and safety risks of 
these activities.  
 
The mission of the Reef Ball Foundation is “The Reef Ball Development Group is a volunteer group whose 
mission statement charters the group to help restore our world's ocean ecosystems through the 
development and use of aesthetically pleasing, ecologically sound, and economically designed artificial reefs. 
This group emphasise on-going research, public education, community involvement, and reefs that promote 
and support natural species diversity and population density”.  Reef Balls™ are a proven technology and have 
been deployed in over 59+ countries, with over 4,000 projects deployed over 550,000 reef balls. 
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To our knowledge there has been no reef balls deployed in the Great Barrier Reef. We believe that this project 
is a great opportunity to deploy and test reef balls in a partnership with scientists, local government and the 
community. There are also synergies and benefits for International Year of the Reef 2018 and the 
implementation of the GBRMPA Reef Blueprint for reef resilience and testing of the GBRMPA Intervention 
guidelines (draft). 

In particular, this project is relevant to the GBRMPA Reef Blueprint Active Localised Restoration priority 
activity areas:  

1. Testing, improving and scaling up local-scale reef restoration methods – based on the best available 
science – for potential application across the resilience network  

2. Facilitating opportunities for community and industry participation in local- scale restoration  

 
This Sampling and Analysis Plan (SAP) has been developed to support the activities proposed by Cassowary 
Coast Regional Council (CCRC) and to assist the NESP TWQ Hub project objective 2 Experimentally test the 
most promising techniques. A marine parks permit has been issued for CCRC to complete the construction 
works for rock seawall at Flying Fish Point (G39831.1). It is understood in this permit that conditions 32-35 
relate to the proposed installation of ‘reef balls’, which states that the permittee must not construct or 
operate and maintain reef-balls as part of the facility within the Marine Parks unless specifically permitted, 
or provided an exemption, under the Commonwealth Environment Protection (Sea Dumping) Act 1981.  
However, approval to install reef-balls could be sought under an approved Research Monitoring Program 
under a partnership arrangement between TropWATER, James Cook University and CCRC.  The sampling and 
analysis plan outlined herein will be conducted under Reef Ecologic’s research permit G14-37235.1. 

2 AIMS  

The aim of this research is to gather scientific data and knowledge around the utility of seawall reef balls as 
productive fish and marine biodiversity habitat features in a tropical location.  This green engineering project 
is the first of its kind along the Great Barrier Reef coastline, and therefore provide important data and 
knowledge for other coastal Council’s to use in achieving multiple benefits from similar coastal erosion 
protection engineering projects.   

3 SCOPE OF THE PLAN  

This research plan proposes to examine a series of reef balls installed along a section of coastal foreshore 
engineering protection works at Flying Fish Point that is located within the Great Barrier Reef Marine Park 
(GBRMP). The request of this SAP is to allow for assessment of each reef ball, along with a series of control 
sites that have been included in the original engineering design of the seawall.   
 

4 LOCATION 

The location of this rock seawall stretches approximately 800m along the coastline adjacent to Flying Fish 
Point, Innisfail (Figure 1). Detailed engineering design drawings have been prepared and submitted to 
relevant authorities for conditioning and approvals.  The location of reef balls along the rock seawall (one 
approximately every 200m linear along the wall) are outlined in the engineering drawings for this project 
site.   

 

reang
Sticky Note
As the Sea Dumping permit is no longer required please remove this as it is confusing and the Reef balls could never have fallen under a monitoring plan anyway as they are considered a facility. Anyway it doesn't matter now so please update this section. 
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Figure 1:  Location of proposed seawall at Flying Fish Point.    

 

5 RESEARCH PLAN 

The need for scientific data to appreciate the benefits of reef balls is a key focus of this project. All research 
will be conducted using underwater video techniques, inspection surveys of species colonisation on reef balls 
and the seawall, in addition to specific mounted colonisation plates (Strain et al. In press).  No extractive 
research is to be undertaken as part of this research program. The results of these surveys will be uploaded 
to the Eye on the Reef database to contribute to on-going management.  
 

 

6 RESEARCH METHODS  

This SAP covers two important key research areas:  
1) what marine fauna settle on reef ball structures that is different to seawall boulders or control sites 

without any improved habitat complexity; and  
2) what fish communities utilise the reef ball structures, that is different to the seawall boulders and 

control sites (Figure 2).   
 
In total, nine reef balls are proposed along the seawall, which will be separated by controls (no structures) 
and rock boulders (with low complexity).  Therefore the proposed experimental design will include controls, 
boulder (low habitat potential), and reef balls (high habitat potential), with each separated by 200m (to 
reduced non-independence).  The aim of this experimental design is to test the model that reef balls provide 
additional habitat opportunities along seawalls, with rock boulders providing intermediate habitat 
opportunities for species colonisation and fish.    

reang
Sticky Note
In my email dated 4 June 2018 I requested more information about the mounted colonisation plates. How many of the colonisation plates will you be putting out, how will they be fixed and where will you be putting them and for how long? Please provide this information. Also provide how condition 11 will be adhered to (i.e. secured, inspected, does not pose a risk to navigation etc). 
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6.1 Species colonisation on reef balls 
In the first few months following deployment, reef balls will be examined to start recording colonisation. 
Similar to Browne and Chapman (2011), all inside and outside walls of reef balls will be examined during each 
survey though only data collected using a 100mm x 100mm quadrat placed on the exposed outside of each 
ball will be used (during each survey for consistency) to estimate percentage coverage of flora and fauna for 
the analysis (note some fauna are mobile, so rather than measuring abundance here the aim is to estimate 
what is present at the time of survey, rather than a representation of abundance).  All sampling will occur at 
low tide in order to safely access along the seawall.   These plates will be attached to reef balls using bolts 
(akin to studies on seawalls in Sydney), approximately 12 plates will be attached to each reef ball, and 
progressively removed from reef balls approximately every month.  We will also use procedural controls 
where just bolts will be attached to reef balls, along with controls – no bolt or plate.  Plates will be plated on 
the exposed outside surfaces, with approximately 6 on the seaward, and 6 on the landward facing side of 
reef balls. 
 

6.2 Fish communities  
The use of underwater technology to examine fish communities has been used more frequently in coastal 
wetlands given the ability to deploy cameras in places that previous techniques would become fouled, or 
where human safety risk from estuarine crocodiles is apparent. In addition, using underwater video also 
allows for additional information to be gathered, including fish and other marine fauna behaviour, interaction 
among other species, and also can become an important historical library of information for future analysis. 
 
Here underwater cameras will be deployed adjacent to reef balls, along the rock wall, over adjacent sandy 
(bare habitat) areas, in addition to nearby natural wetland habitats (mangroves, seagrass patches).  Cameras 
will be deployed for 15min drops (Sheaves et al., 2016), at high tide during the day, approximately every 3-
5mths during the project construction. It is possible that this project could become a JCU post graduate 
research project (subject to funding) where long term data could be generated.  The video will be watched 
for each habitat time, to effectively build an inventory of the fish and other marine fauna utilising the reef 
balls, in comparison to nearby natural habitat features.    
 

 
 

Figure 2:  Conceptual diagram illustrating reef ball design, tide water marks and two key project 
focus areas for this site.    

reang
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7 RESEARCH TIMELINE  

The implementation of research activities will be dependent on the appropriate weather and timing of 
proposed construction works.  An indicative timeline is provided below, however, is subject to change. 
 

Date Detail 

May 15, 2018 Submission of SAP to GBRMPA 

June 5, 2018 Approval of SAP  by GBRMPA (21 Days)  

June, 2018 Engineering works continue with the addition of reef ball designs  

August, 2018 through to August 2021 Reef ball surveys  

Dec 2021 Final technical report prepared on all data by TropWATER, James 
Cook University. 

 

In addition, social media and newspaper articles will be generated and disseminated through a range of 
platforms.  This will create positive exposure for the project, while also provide the opportunity to share the 
knowledge and data generated. 

8 REPORTING 

A technical report will be generated which will present all the data collected, statistical analyses and general 
discussion of results in the context of broader seascape biodiversity and restoration.  A copy of the report 
will be provided to GBRMPA and Queensland Government.   
 
It is anticipated that this project will also generate significant community and media interest, particularly at 
milestone stages of the project; the project and emerging results will be regularly promoted via social media 
through James Cook University, TropWATER, Reef Ecologic and Cassowary Coast Regional Council.  These 
data will be also presented in scientific peer reviewed literature, to further disseminate the results and 
conclusions. 
 
We will engage with the local communities such as Cassowary Coast Local Marine Advisory Committee and 
Reef Guardian Schools to share knowledge and community support for the reef, science and management 
action. 
 

9 KEY CONTACTS  

The key contact for this research project is Dr Nathan Waltham, TropWATER, James Cook University on 0411 
161 161, nathan.waltham@jcu.edu.au, or Mr Justin Fischer, Manager Asset Engineering, Cassowary Coast 
Regional Council on 0428 136 747, justin.fischer@ccrc.qld.gov.au   
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