
A CLEAN OCEAN, MORE FISH, SAFE COASTLINE, 
AND JOBS FOR REGIONAL AUSTRALIA

REEF BUILDER 
RESTORING 
AUSTRALIA’S LOST 
SHELLFISH REEFS 



Shellfish reefs are natural solutions to some of our greatest conservation 
challenges. They improve water quality, boost fish stocks, provide homes 
for a diverse range of sea life, generate regional employment and protect 
Australia’s coastal communities and shorelines from coastal erosion. 

The Nature Conservancy’s Reef Builder project is 
Australia’s largest marine restoration initiative. 
The project will rebuild and protect 60 reefs across 
Australia - bringing shellfish reef ecosystems 
back from the brink of extinction, for the 
benefit of both people and nature.

Building Windara oyster reef, South Australia. © A. Bolton MC.
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Together, we can bring vital shellfish reefs back 
We have demonstrated that shellfish reefs can be restored 
at scale and their benefits returned. Rebuilding Australia’s 
lost reefs will rapidly expand the protection and restoration 
of this valuable ecosystem. In scaling up the project,  
we invite communities across Australia to join us in 
practical conservation efforts where real results can  
be seen in the water. We will:

1. Rebuild and protect 60 reefs across Australia,  
making Australia the first nation to recover  
a critically endangered marine ecosystem; and,

2. Boost local employment – through employing maritime 
construction, earthmoving, aquaculture, engineering 
and natural resource management businesses, at each 
of the reef locations; and,

3. Engage and inspire local communities, schools  
and businesses to become involved in hands-on 
restoration and marine conservation activities.

     

AN ECOSYSTEM ON  
THE BRINK OF EXTINCTION

Two hundred years ago, Australia’s southern coastline was full 
of oyster reefs and mussel beds stretching from Noosa to Perth – 
quietly keeping our coastal waters clean and clear, safeguarding 
coastlines and acting as nursery grounds for fish. 

Unfortunately, these reefs have been decimated by years 
of commercial harvesting of wild shellfish, water pollution, 
introduced species and disease. Now, they have virtually 
disappeared – fewer than 8% remain today.  

In 2014, we began an Australian-first program to accelerate 
and increase the scale of restoration and conservation  
of shellfish reefs in areas where people need them most –  
the populated bays and estuaries across eastern and 
southern Australia.

After five years of demonstrated success, we have 
launched Reef Builder - a new national initiative to bring 
this entire ecosystem back from the brink of extinction, 
and deliver the many benefits it provides to people and 
communities across coastal Australia.   

Millions
SHELLFISH REEFS ARE 
CREATED WHEN

OF OYSTERS AND MUSSELS SETTLE ONTO EACH 
OTHER FORMING HARD REEF STRUCTURES,  
ON THE SHORELINES AND SHALLOW WATERS  
OF AUSTRALIA’S BAYS AND ESTUARIES
These vibrant reefs function just like their more colourful 
cousins, coral reefs, providing food and habitat for fish 
and other marine life.

8%
FEWER THAN

OF AUSTRALIA’S 
SHELLFISH 
REEFS REMAIN

Their loss is contributing 
to decline in water quality, 
coastal protection, and loss 
of fish and other marine  
life in our coastal waters. 

Rebuild
WE WILL

● Current site       ● Potential site 

AND PROTECT SHELLFISH REEFS AT 
60 LOCATIONS ACROSS AUSTRALIA:

Creating 850 new jobs

Boosting fish stocks by more  
than 100 TONNES annually, and

Helping to create a CLEAN OCEAN  
and safe coastline
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BENEFITS TO AUSTRALIA

Each year, every hectare of restored reef will:

Erosion
REDUCE COASTAL

BY ACTING AS NATURAL 
BREAKWATERS AND  
REBUILDING COASTLINES

2 Billion
FILTER

LITRES OF SEAWATER 
EQUIVALENT TO THE 
ANNUAL WATER USE 
OF 21,000 AUSTRALIANS

225kg
REMOVE

OF NUTRIENT 
POLLUTION (NITROGEN  
AND PHOSPHORUS)  
IN COASTAL AREAS 

375kg
CREATE

OF NEW FISH 
STOCKS, INCLUDING 
HIGH VALUE SNAPPER, 
FLATHEAD AND WHITING

First Nation
AUSTRALIA WILL BECOME THE

TO RECOVER AN ENDANGERED 
MARINE ECOSYSTEM

BENEFITS TO PEOPLE  
AND COMMUNITIES

Community
NEW

VOLUNTEERING 
and education opportunities 

7,000m3
OF SHELL WASTE WILL BE DIVERTED
from landfill, to be recycled into new reefs

850
DIRECT JOBS WILL BE CREATED
in maritime construction, science, fisheries 
and service sectors with half in regional areas
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We will design, build and stock reefs with shellfish in partnership with: 

• Recreational and commercial fishers, diving and fishing clubs

• Oyster and mussel growers, seafood wholesalers and restaurants 

• Maritime construction labourers and engineers 

• Local communities, schools and Traditional Owners 

• Corporate businesses 

• Natural Resource Management groups.

WHO’S INVOLVED

HOW ARE REEFS RESTORED?

Identify
FIRST, WE 

SUITABLE SITES FOR 
RESTORATION 
Using a combination of 
science, field surveys and 
historical and contemporary 
knowledge provided by fishers, 
divers, boaties and scientists

Seed
LASTLY, WE

THE REEF BASE WITH 
MILLIONS OF OYSTERS 
AND MUSSELS
Grown in nearby hatcheries, in 
partnership with shellfish farmers 
– these shellfish grow and attach  
to the reef base and each other, 
creating a living reef – which  
further attracts a diversity of 
fish and aquatic life

Construct
NEXT, WE

A REEF BASE USING  
NATURAL MATERIALS
Often a combination of limestone 
rubble and recycled shells which 
mimic the foundation of a natural 
reef, providing elevation and hard 
surfaces – the reef base provides  
the hard surface and complexity  
that attracts marine life

Volunteers measuring oysters, Melbourne.

Mussel seeding, Margarets Reef, Port Philip Bay.
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Oyster reef. © Chris Gillies. Juvenile Australian Flat Oysters.

OUR TRACK RECORD 

The Nature Conservancy was founded in 1951 and now works  
in 70 countries with a staff of nearly 4,000 people, including  
over 400 scientists.

The Nature Conservancy Australia was formed in 2002, 
collaborating with partners including local communities, 
governments, Indigenous groups, businesses and other 
conservation groups. TNC Australia has supported 
conservation efforts across more than 126 million hectares. 
Our focus is to address the most pressing conservation 
threats at the largest scale through our scientific and 
collaborative approach.

Since 2000, The Nature Conservancy has restored over 
200 shellfish reefs across the world, working in partnership 
with governments, businesses and the community to 
restore fish and marine life, improve water quality and 
protect coastlines for the benefit of people and nature.

The Nature Conservancy’s reef restoration work in Australia 
would not have been possible without the generous 
catalytical contribution of The Thomas Foundation, and 
ongoing support from our private and public donors. 

To find out more about The Nature 
Conservancy’s Reef Builder project, visit 
natureaustralia.org.au/reefbuilder

The Nature Conservancy Australia10



Contact: Chris Gillies, Oceans Director chris.gillies@tnc.org 
Tel: 03 8346 8600

Suite 2-01, 
60 Leicester Street, 

Carlton, VIC 3053

www.natureaustralia.org.au
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Paul Armstrong

From: Cassi Devries <cdevries@kingborough.tas.gov.au>
Sent: Friday, 20 May 2022 12:39 PM
To: Paul Armstrong
Cc: Nicholas Alexander; Nikki denExter; Tasha Tyler-Moore
Subject: RE: Request for letter regarding ReefBuilder Southeast Tasmania Project: native oyster reef 

restoration

Dear Paul, 

Thank you for referring the ReefBuilder Southeast Tasmania Project to Kingborough Council for advice in relation to 
the planning requirements for this proposal under the provisions of the Land Use Planning and Approvals Act 1993 
(LUPAA) and the Kingborough Interim Planning Scheme 2015 (Planning Scheme). It is recognised that the proposal 
for the placement of artificial reefs in waters within the limits of the State is to be assessed as a Class 2B activity by 
the EPA under Schedule 2, Clause 7(e) of the Environmental Management and Pollution Control Act 1994. 

LUPAA and the Planning Scheme both contain provisions relating to the development and works in or abutting the 
Sea/Channel.  Council’s powers in relation to control of development and works are determined/limited by LUPAA, 
with specific reference to Sections 7 and 11. Subject to the provisions of LUPAA, the Council exercises planning 
control under its Planning Scheme and the extent of this is defined in the Planning Scheme by reference to its 
maps.  While this is generally land from the low water mark, it also includes accretions  and structures (e.g. jetties, 
wharves etc) that adjoin the Councils municipal area, which are subject to the Special Provisions under Section 9.9 of 
the Planning Scheme. Note should be made that in some areas this control extends beyond the low water mark into 
the sea as determined by the extent of the Environmental Management Zone.   

It is advised that the proposed development of artificial reefs at the sites identified at Dixons Beach, Taroona and 
Helliwells Point, Woodbridge are exempt from requiring planning approval from Council, as they do not involve 
shore based works or development (jetty, wharf etc), accretions, and are not located within the Planning Scheme 
area as determined by the zoning maps. 

I trust this email is sufficient for your requirements, however if you require further information please contact me 
directly. 

Kind regards, 

Cassi Devries | Planner | Kingborough Council 

Phone (03) 6211 8151 |   
Address Civic Centre, 15 Channel Hwy Kingston TAS 7050 
Email cdevries@kingborough.tas.gov.au | Web www.kingborough.tas.gov.au 

Please consider the environment before printing this email. This email and any attachments is strictly 
confidential and should be read only by those persons to whom it is addressed and its content is not 
intended for use by any other persons. If you are not the intended recipient you must not use, copy or 
distribute it. If you have received this message in error, please destroy and delete the message along 
with any attachments from your computer and notify us immediately.





  

 

 

 

 

 

 

MAIN PARTICULARS  DECK EQUIPMENT 

Design Self-Propelled 
Construction Barge 

 Spuds 2 x 17m Hydraulically Lifted 
3 Position Options 

Year Built 2014  A Frame 20t (Optional) 

Flag Australia  Ramps Available (Optional) 

Survey NSCV 2B / 2C  Winches 1 FWD Deck Anchor Winch 

Class N/A  Capstan N/A 

GRT 486T  Stern Roller N/A 

Max DWT 180t    

Length 33.8m  AUXILIARY 

Moulded Breadth 10.8m  Generator 240V Inverter 

Moulded Depth 2.85m  Supply System N/A 

Draft 0.8m    

Deck Capacity 10t/𝑚2    

  PROPULSION & MACHINERY 

  Main Engines 2 x Doosan 360hp 

PERFORMANCE   Power Rating 265kW 

Max Speed 5kts  Gear Boxes Hydraulic 

Bollard Pull N/A  Propellers 2 x Hydraulic 

Fuel Consumption N/A  Steering Gear 2 x Hydraulic Thrusters 

     

CAPACITIES  ACCOMMODATION 

Fuel 9,000L + 220,000L  Berths Seating 

Fresh Water / Ballast 65,000L  Air-conditioning Yes 

Gate 2, James Craig Road, Rozelle, New South Wales 2039 

PO Box 1771, Rozelle, New South Wales 2039 

T: +61 2 9563 8333 • F: +61 2 9563 8300 • E: admin@polarismarine.com.au  
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Construction Barge 
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MAIN PARTICULARS  DECK EQUIPMENT 

Design Utility Tug  Towing Hook 25t 

Year Built 1982  Towing Winch 10t 

Flag Australia  Drum Capacity 450m x 32mm 

Survey AMSA 2A  Tugger Winch 20t 

Class ABS 1A  Capstan Yes 

GRT 134t  Stern Roller 
A Frame 

Yes 
Yes 

Max DWT N/A    

Length 21.4m  AUXILIARY 

Moulded Breadth 7.32m  Generator 2 x 80 KVA 

Moulded Depth 3.8m  Supply System 415/240/24V 

Draft 3.0m    

Deck Capacity 5T / m3    

  PROPULSION & MACHINERY 

  Main Engines CAT 2 x 3412 

PERFORMANCE   Power Rating 2 x 520Hp 

Max Speed 10kt  Gear Boxes Twin Disc 520 6.11:1 

Bollard Pull 16.6t  Propellers Twin Screw 

Fuel Consumption 150L p/h  Steering Gear Kort Nozzles with Rudders 

     

CAPACITIES  ACCOMMODATION 

Fuel 78t  Berths 10 Persons 

Portable Water 9t / Desalinator  Air-conditioning Yes 

Gate 2, James Craig Road, Rozelle, New South Wales 2039 

PO Box 1771, Rozelle, New South Wales 2039 

T: +61 2 9563 8333  F: +61 2 9563 8300  E: admin@polarismarine.com.au  

 

The particulars are believed to be correct, but are not guaranteed. Particulars given are entirely without warranty on accuracy.  
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TNC’s Simon Branigan at 9ft Bank degraded shell reef, Port Phillip Bay, June 2021. Photo: Jarrod Boord, Streamline Media 
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Purpose 
The purpose of this Plan is to outline the environmental monitoring plan and methods for the Reef 
Builder Southeast Tasmania Project. The Plan details the schedule and scope of monitoring for this 
project and the methods that will be used. 

 
 

Background 
Until the 20th century, Australia was home to a huge southern reef, stretching further than the Great 
Barrier Reef, from Noosa to Perth. These oyster reefs and mussel beds filtered the water, reduced 
coastal erosion through wave buffering and were vital nursery grounds for fish. After years of wild 
commercial harvest, water pollution, introduced species and disease, shellfish reefs have virtually 
disappeared – only 8% remain today. 

 

Shellfish reefs are created when millions of oysters and mussels settle onto each other, forming hard 
reef structures or dense beds on the shorelines or subtidal substrates of Australia’s bays and estuaries. 
These vibrant reefs function just like their more colourful cousins, coral reefs, providing food and 
habitat for fish and other marine life. 

 

After seven years of demonstrated success with projects in Western Australia, South Australia, Victoria 
and Queensland - backed by the global track record of The Nature Conservancy - we know that shellfish 
reefs can be restored at scale and their social, economic and ecological benefits returned. 

 

With the support of a grant from the Commonwealth Government, this Project will re-build shellfish 
reefs at 13 locations around Australia (Figure 1) and provide immediate economic stimulus for shellfish 
aquaculture, marine construction, and eco-tourism businesses in coastal and regional 
communities. NRM South is leading the Reef Builder project in Southeast, Tasmania in partnership 
with The Nature Conservancy.  The Reef builder project will also involve industry, First Nation people, 
community groups, recreational fishers, and universities. In Southeast Tasmania, works will focus on 
restoring reefs from the reef-forming Native oyster (Ostrea angasi). 

 

Reef Builder vision 
By 30th June 2023, build Native oyster reefs at 2 restoration locations in Southeast Tasmania to boost 
local employment, strengthen community engagement, improve local bio-diversity and help restore 
coastal ecosystems. 
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Figure 1 Proposed locations of existing and new shellfish reef restoration projects across Australia. 
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Reef Builder Environmental target 
 
By 30th June 2023: 

 

Environmental Target:  
Improve local biodiversity – Establish self-sustaining oyster and associated ecological communities to 
levels at or above standard ecological benchmarks at the 2 restoration locations. This target will be 
measured and assessed following the Project’s Monitoring plan and methods 

 
Deliverables 

 
The Project’s environmental deliverables are aligned with the above target, as set out in Table 1 below. 

 
 
 
Table 1 Key deliverables underpinning each target of the Reef Builder Project for Southeast Tasmania. 

Deliverable Description Measure 

1. Shellfish reefs constructed at 
each of the 2 locations 

Construction of shellfish reefs at 
the 2 identified locations following 
best practice methodologies 

Geo-referenced imagery of 
reef footprint 

2. Evidence of shellfish 
populations established at each 
of the 2 locations 

Density of living shellfish 
(oysters/mussels) on reefs six 
months post-construction meets 
minimum targets 

Results from scientific surveys, 
data uploaded to public 
repository 
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Proposed locations 
NRM South proposes to construct reefs at 2 locations in Southeast Tasmania; Dixons Beach, Taroona (Figure 
2) and Helliwells point, Woodbridge (Figure 3). These 2 locations were selected from an initial list of 16 sites 
identified by NRM South in consultation with the Nature Conservancy as suitable for oyster reef restoration, 
i.e. 
 

1. Ecologically and logistically feasible; 
 

2. Support immediate economic stimulus through local job creation; and, 
 

3. Have significant environmental benefit. 
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Figure 2 Native oyster reef restoration site at Helliwells Point, Woodbridge. 
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Figure 3 Native oyster reef restoration site at Dixons Beach, Taroona.  
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Environmental Monitoring plan and methods  
The strength of the monitoring plan and methods is that by monitoring a common set of ecological 
indicators, we will also be able to compare these results with other reef building projects in Australia 
and globally. 

Construction target 
Vital to the restoration of shellfish reef habitats is the construction of a reef base that forms the 
‘skeleton’ which shellfish inhabit and build upon creating a living reef for other fish and invertebrates. 
The initial reef-base is constructed from locally sourced rock and recycled shell, giving the seeded 
shellfish a helping hand to boost the restoration process. Construction of the reef-base follows 
established best practice project management, restoration and siting protocols. The construction 
goals and objectives measure whether the Project has delivered on the construction targets defined 
by the Project. 

 

Environmental target and reference ecosystem 
The ecological goals and objectives underlying the Project’s environmental target (Appendices 1 and 
2) have been developed in accordance with best practice restoration monitoring guidelines1 2 3 and 
the current reference system developed to guide the restoration of native shellfish reefs4 5. Monitoring 
uses a Before–After Control–Reference– Impact (BACRI) design that provides strong evidence for 
causal links between activity and response, and also measures change against the reference condition 
or ecosystem678. In the absence of a true reference ecosystem (typically an example natural ecosystem 
under environmental conditions comparable to those of the restoration site), a reference system 
identifies reference conditions from the scientific literature and expert opinion to guide appropriate 
indicators and benchmarks. 

 
The environmental target for Reef Builder is to create living shellfish reefs at 13 sites around Australia 
that are dominated by native oysters and/or mussels and colonised by a diverse assemblage of 
associated organisms such as other shellfish, bryozoans, crustaceans, barnacles, calcareous 
polychaetes and fish. 

 

Through restoration efforts, the reefs will transform existing mud/sandy bottom habitats with low 
species diversity (Figure 4a) into structured habitats (Figure 4b) that mature over a period of 6-12 
years and are typically highly biodiverse (Figure 4c). For a conceptual graphical timeline of the 
development of native shellfish reefs, see Figure 5. 

 
 
 
 
 
 
 
 

1 The Nature Conservancy et al, Oyster Habitat Restoration Monitoring and Assessment Handbook. 
2 Mcdonald et al (2016). National standards for the practice of ecological restoration in Australia, Restoration Ecology, Vol. 24, No. S1, pp. 
S4–S32. 
3 Conservation Measures Partnership (2013) Open Standards for the Practice of Conservation Version 3.0, accessed online via http://cmp- 
openstandards.org/wp-content/uploads/2014/03/CMP-OS-V3-0-Final.pdf 
4 Gillies, C. L., Crawford, C. and Hancock, B. (2017), Restoring Angasi oyster reefs: What is the endpoint ecosystem we are aiming for and 
how do we get there?. Ecol Manag Restor, 18: 214-222. doi:10.1111/emr.12278 

http://cmp-openstandards.org/wp-content/uploads/2014/03/CMP-OS-V3-0-Final.pdf
http://cmp-openstandards.org/wp-content/uploads/2014/03/CMP-OS-V3-0-Final.pdf
https://doi.org/10.1111/emr.12278
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5 McAfee, D., McLeod, I. M., Boström-Einarsson, L., & Gillies, C. L. (2020). The value and opportunity of restoring Australia's lost rock oyster 
reefs. Restoration Ecology, 28(2), 304-314. 
6 Cottingham P., Quinn G., Norris R., King A., Chessman B. and Marshall C. (2005). Environmental Flows Monitoring and Assessment 
Framework. Technical report. CRC for Freshwater Ecology, Canberra. 
7 Higgins, J.V., and Zimmerling, A. (Eds.) (2013). A Primer for Monitoring Water Funds. Arlington, VA: The Nature Conservancy. 
8 Board, O. S., E. National Academies of Sciences, and Medicine. 2017. Effective monitoring to evaluate ecological restoration in the Gulf of 
Mexico. National Academies Press. 

 
 

 
Figure 4 Example of expected ecological transition due to reef building from a) existing sand/muddy extinct reef habitats to b) 
newly laid reefs and c) eventual new shellfish reef ecological communities. 

 

 
The Nature Conservancy and monitoring partners will measure several key environmental indicators 
(Appendices 1 and 2) before and after reef construction to assess how the reefs are developing against 
their predefined ecological baselines. For the environmental target, reporting of Project indicators 
includes both reporting of trends or the ecological trajectory, as well as Project inputs and outputs 
(e.g. number of oysters deployed, m2 of reef constructed). 
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Figure 5 Stages of reef development © The Nature Conservancy. 
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Environmental monitoring methods and timeline 
 

The methods for monitoring the ecological indicators are adapted from the Oyster Habitat Restoration 
Monitoring and Assessment Handbook9 with detailed methods provided in Appendix 2. Timelines for 
when monitoring will be undertaken are shown in Table 3. 

 

Evaluation 
Environmental performance indicators 
The experimental design for ecological indicators (listed in Appendix 2) is based on a Before-After- 
Control-Impact (BACI) design10, adapted to shellfish reef restoration11. 

 
To evaluate the ecological impact and assess the performance of the reef in meeting its targets, it is 
necessary to perform both pre- and post-construction monitoring and contrast against control sites 
located in two different adjacent habitats, i.e., soft sediments and seagrass (Figure 6). This enables 
comparison to a ‘negative reference’ (i.e., soft sediment, as if the restoration action never occurred) 
and another ‘positive reference’ (i.e., seagrass, another structured biogenic habitat). The soft- 
sediment and seagrass reference sites are located ≥ 500 m from the restoration site, but still within 
an area of comparable environmental conditions (Figure 6). 

 
 
 
 

9 The Nature Conservancy et al, Oyster Habitat Restoration Monitoring and Assessment Handbook. 
10 Underwood, A. J. (1994). On beyond BACI: sampling designs that might reliably detect environmental 
disturbances. Ecological applications, 4(1), 3-15. 
11 The Nature Conservancy et al, Oyster Habitat Restoration Monitoring and Assessment Handbook. 
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Figure 6 Diagram of the monitoring design, including shellfish reef restoration (impact), seagrass (alternate positive reference – not 
present three of the six restoration locations) and soft sediment (negative reference) – see bottom panel. If an existing, comparable 
shellfish reef ecosystem is present, this acts as a preferential reference (top panel). 
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Evaluation 
Initially for each performance indicator, the data will be compiled and summarised returning the 
mean, standard deviation, standard error. Metrics will also be visualised by plotting time series that 
track how each metric progresses through time in comparison to its benchmark, if relevant. This 
benchmark will be either (i) pre-defined using the reference system in relation to a known condition, 
e.g., 50 shellfish per m2 (which defines a viable population density similar to that found on natural 
oyster reefs), or (ii) if no pre-determined benchmark exists, the indicator will be measured against its 
mean value recorded from relevant reference locations. 

 
Additional analysis 
Where necessary, additional analyses will be undertaken to statistically assess the trend of restoration 
success across all Reef Builder locations using a meta-analysis approach. 

 
The data will be evaluated using the R language and environment for statistical computing alongside 
RStudio, which allows scripts of code to be created and ensures standard analysis workflows and 
evaluation products. 
 

Reef Builder Southeast Tasmania restoration locations 
 
Monitoring will be undertaken at both Helliwells point, Woodbridge and Dixons Beach Taroona. This 
section provides location and site-specific information as well as more detail about the of survey effort 
required per monitoring period. A summary of replicates per restoration location is provided in Table 
2 below. 
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Table 2 Southeast Tasmania survey locations and replicates* for 2021 to 2023 

 

 Monitoring method 
Reef structure UVC Shellfish metrics 

 
 
 
 

ReefBuilder location 

 
 
 
 

Habitat 

 
 
 

Bathymetry 
(MBES) survey 

 
 

Transect 
50 m (M1 & 
M2) 

Photoquadrats 
(every 2.5 m 
along 50 m 
transect = 20 
per transect) 

Quadrats (15 on 
Shellfish 
Reef)/blocks (20 
for reference 
habitats) 

Dixons Beach, Taroona Shellfish 
Reef 

 
1 

 
6 

 
120 

 
15 

Dixons Beach, Taroona Seagrass 0 6 120 20 

Dixons Beach, Taroona Soft 
Sediment 

 
0 

 
6 

 
120 

 
20 

Helliwells Point, Woodbridge Shellfish 
Reef 

 
1 

 
6 

 
120 

 
15 

Helliwells Point, Woodbridge Seagrass 0 6 120 20 

Helliwells Point, Woodbridge Soft 
Sediment 

 
0 

 
6 

 
120 

 
20 

Total Sites = 2 2 36 720 110 
 
 
 

Table 3 Gant diagram for Reef Builder Southeast Tasmania environmental monitoring activities. 

 
 

Monitoring Objectives 

2021 2022 2023 

Jul-Aug Sept-Oct Nov-Dec Jan-Feb Mar-Apr May-Jun Jul-Aug Sept-Oct Nov-Dec Jan-Feb Mar-Apr May-Jun 

RE-CONSTRUCTION TARGET: Build resilient new reefs – Construct shellfish reefs at 2 locations across Gippsland Lakes, following established best practice project management, 
restoration and siting protocols. 

OBJECTIVE 1. Construct the reef to meet design 
and project outputs 

            

ENVIRONMENTAL/ECOLOGICAL TARGET: Improve local biodiversity – Establish oyster and mussel populations and associated ecological communities and measure against standard 
ecological benchmarks at each of the 2 locations 

OBJECTIVE 2. Baseline monitoring of the 
Restoration site and positive and negative 
reference sites 

            

OBJECTIVE 3. Demonstrate a density of target 
shellfish similar to pre-defined reference system 

            

OBJECTIVE 4. To demonstrate more fish post reef 
construction 

            

OBJECTIVE 5. To demonstrate an increase in 
biodiversity 
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Appendix 1: Generalised targets, goals, objectives and performance indicators for each location in the Reef Builder 
Project. 

 
Table 6. Generalised targets, goals, objectives and performance indicators for each location in the Reef Builder Project. 

 
 

Goal 

 

Objective 

 

Indicator 

 

Metric 

 

Method 

 
Planned Output or 

benchmark 

 

Frequency/Timing 

Re
st

or
at

io
n 

So
ft

- 

Se
ag

ra
ss

  

Responsibility 

RE-CONSTRUCTION TARGET: Build resilient new reefs – Construct shellfish reefs at 2 locations in Southeast Tasmania, following established best practice project 
management, restoration and siting protocols. 

 
 
 

GOAL 1: 
Within the 
timeframe 

of Reef 
Builder 

demonstrate 
construction 
of resilient 

reef 
structures 

 
 
 
 
 

OBJECTIVE 1. 
Construct the 
reef to meet 
design and 

project 
outputs 

1. Total area 
of 
constructed 
reef 

 
m2 or ha 

Multi-beam 
bathymetry and 

GIS 

 
[Project to define in m2 or 

ha] 

One as-built 
survey (early post 

construction). 

 

X 

 

- 

 

- 

 
TNC/Delivery 

partner 

 
 

2. Project 
footprint 

 

 
m2 or ha 

 

Multi-beam 
bathymetry and 

GIS 

 
 

[Project to define in m2 or 
ha] 

 

One as-built 
survey (early post 

construction). 

 
 

X 

 
 

- 

 
 

- 

 
 

TNC/Delivery 
partner 

3. Percent 
reef coverage 

 
% 

Multi-beam 
bathymetry and 

GIS 

 
15-25% 

One as-built 
survey (early post 

construction). 

 
X 

 
- 

 
- TNC/Delivery 

partner 

4. Total 
reefbase 
deployed 

 
tonnes or m3 Order and 

delivery dockets 
[Project to define in tonnes 

or m3] 
During 

construction 

 
X 

 
- 

 
- TNC/Delivery 

partner 

ENVIRONMENTAL/ECOLOGICAL TARGET: Improve local biodiversity – Establish oyster and mussel populations and associated ecological communities and measure against 
standard ecological benchmarks at each of the XX locations. 

 
GOAL 2. 

Within the 
timeframe 

of Reef 
Builder 

rebuild a 
local 

shellfish 
population 

 
OBJECTIVE 2. 
Demonstrate 
a density of 

target 
shellfish 

similar to 
pre-defined 
reference 

system 

 
5. Total 
shellfish 
deployed 

 
Total number of 
individuals deployed 

Data collected by 
Project Mgr in 
consult with 

Hatchery Mgr 

 
 

X million juvenile shellfish 

 
Once following 

shellfish seeding 

 
 

X 

 
 

- 

 
 

- 

 
TNC/Delivery 

partner/ 
Hatchery 

 
6. Total 
number of 
live target 
shellfish 

 
 

(count/m2) 

 

 
Diver surveys: 

shellfish metrics 

 
 

> 50/m² (O. angassi), 1000 
/m2 (M. 

planulatus/galloprovincialis 

 

 
Before and after 
shellfish seeding 

 
 
 

X 

 
 
 

X 

 
 
 

X 

 
 
 

MER partners 

GOAL 3. 
Within the 
timeframe 

of Reef 
Builder 

demonstrate 
the creation 

of habitat 
that benefits 

fish 

 
 

OBJECTIVE 3. 
To 

demonstrate 
more fish 
post reef 

construction 

 
 
 

7. Total 
abundance of 
fish (g/m2, 
kg/ha) 

 
 
 
 

Relative counts 

 
 
 
 

RLS and stereo 
RUVS 

 
 
 
 

> baseline 

 
 
 

Before and after 
O. angasi seeding 

and reef 
construction 

 
 
 
 

X 

 
 
 
 

X 

 
 
 
 

X 

 
 
 
 

MER partners 

GOAL 4. 
Within the 
timeframe 

of Reef 
Builder 

demonstrate 
that 

construction 
of the reef 
enhances 

marine 
biodiversity 

 
 
 

OBJECTIVE 4. 
To 

demonstrate 
an increase 

in 
biodiversity 

8. Species 
richness: 
increased 
mobile 
epifauna 
richness 
compared to 
control and 
before 
monitoring 
(Total 
number of 
species) 

 
 
 
 
 
 

(% cover, counts) 

 
 
 
 
 

Diver surveys: 
RLS 

 
 
 
 
 

Richness > control/ 
baseline (#/m²) 

 
 
 

 
Before and after 

O. angasi seeding 
and reef 

construction 

 
 
 
 
 
 

X 

 
 
 
 
 
 

X 

 
 
 
 
 
 

X 

 
 
 
 
 
 

MER partners 



12 The Nature Conservancy et al, Oyster Habitat Restoration Monitoring and Assessment Handbook 

 

 

 
 
 

Appendix 2: Monitoring methods 
An overview of monitoring methods is provided below with key performance indicators. These 
methods are adapted from the Oyster Habitat Restoration Monitoring and Assessment Handbook12. 

 
 

CONSTRUCTION TARGET 

Reef structure and elevation (topography) surveys 

Subtidal reefs 
Multi-beam echo sounder (MBES) surveys are typically used for determining the final layout and 
dimensions of subtidal shellfish reefs. 

 

Method 
To quantify the reef bathymetry, transects can be aligned in a grid pattern using multibeam sonar. The 
echo soundings shall be to an accuracy of 0.1 m. Survey grid to be provided in ASCII format to Chart 
Datum at both 5 m and 2.5 m grid spacing or determined using one of the following formulas: 

 
Side-scan Sonar Lane width = Range – (Altitude + Overlap) 

 
Altitude is the height of the towfish above the seafloor (this would be a value equal to 10% of the 
range), and overlap is the desired overlap between lanes (overlap of 10%). 

 
Multi-beam Sonar Lane width = Total Range – Overlap 

 
Total range is determined by the frequency used (generally three times the water depth, but check 
manufacturer’s specifications) and overlap is the desired overlap between lanes (a suggested overlap 
is 10%). 

 
a. A bathymetric survey using MBES shall be undertaken upon completion of the 

reef construction by conducting a single survey over the entire restoration area. 
b. MBES surveys will typically be in 1 m-15 m depth range 
a. Horizontal Accuracy ~ +/-0.40m 
b. Vertical Accuracy ~ +/- 0.06m 
c. TNC accepts that full system uncertainty will be dependent on the amalgamation 

of component precision and the depth of operations 
 

Expected deliverables 

d. Report of survey including appropriate metadata for submission to the Federal 
hydrographic repository. TNC will advise about the metadata format 

e. XYZ ASCII dataset 
f. Volume calculations computed to nominated depths 
g. ArcGIS compatible shapefiles of reefs with area and volume calculations of reef 

extent 
h. ArcGIS compatible file of bathymetric data 
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i. Cross sections over reefs: one long axis, three short axis cross sections and a 
measure of rugosity 

j. Plan of survey overlaid on high-resolution aerial imagery in GeoTiff and Google 
earth pro formats 

k. 3D animated flythrough of the reefs 
 
 
 

Indicators 
1. Total area of constructed reef – the total area of constructed reef 
2. Project footprint – Minimum total area encompassing all reefs, determined from project GIS 
outputs 
3. Percent reef coverage – The percentage of the project footprint covered by re-constructed reef 

 
Equation 1: (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑐𝑐𝑐𝑐𝑇𝑇𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐𝑐𝑐 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 ÷ 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑐𝑐𝑐𝑐𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑜𝑜𝑜𝑜𝑇𝑇𝑇𝑇𝑜𝑜𝑜𝑜𝑐𝑐𝑐𝑐𝑇𝑇𝑇𝑇 ) ∗ 100 

 

Reef construction 
Data on the reef construction and seeding materials used during the project is required to enable 
Project Managers to track and report on quantities deployed. 

 

Method 
Track delivery of material quantities to construction site through delivery dockets or construction 
and hatchery progress reports with contractors. 

 

Indicators 
Total reef-base deployed – the total amount of reef-base (rock and recycled shell) used to construct 
reefs 
Total shellfish deployed – the total number of shellfish seeded onto the reef 

 
ENVIRONMENTAL TARGET 

 
General environmental monitoring design 
The design described below represents a minimal monitoring design and balances statistical power 
with time efficiency and cost effectiveness. The primary aim of the monitoring is a comparison 
between areas where shellfish reefs are restored and where they are not. An impact or restored 
area is compared to an area of soft-sediment that serves as a reference of what would occur if 
restoration was never undertaken – generally termed a ‘negative reference’. There would ideally 
also be a ‘positive reference’, or an area of natural shellfish reef that can act as a guide to the 
anticipated restoration trajectory and performance of a restored reef in a given system. However, 
this is often not the case and a reference system is typically used instead1314. Secondly, it is also 
beneficial to contrast the performance of restored shellfish reefs with an alternative structured 
habitat within a system. For the subtidal Reef Builder sites, seagrass has been selected as this 

 

13 Gillies, C. L., Crawford, C. and Hancock, B. (2017), Restoring Angasi oyster reefs: What is the endpoint ecosystem we are aiming for and 
how do we get there?. Ecol Manag Restor, 18: 214-222. doi:10.1111/emr.12278 
14 McAfee, D., McLeod, I. M., Boström-Einarsson, L., & Gillies, C. L. (2020). The value and opportunity of restoring Australia's lost rock oyster 
reefs. Restoration Ecology, 28(2), 304-314 

https://doi.org/10.1111/emr.12278
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alternate positive reference, given that it is common in many bays and estuaries and typically has a 
habitat value similar to that of shellfish reefs. 

 

At any given restoration location under Reef Builder, up to four habitats could be monitored (Figure 
7). At a minimum, only the first two habitats may be monitored if the latter two are not present 
within comparable environmental conditions as the restoration site. 

 

1. The restoration site (yellow outlined polygon) 
2. A soft sediment site – negative reference (brown area) 
3. A seagrass/mangrove reference site – alternate positive reference (green area) 
4. A natural shellfish reef site – positive reference (where present) 

 
An important consideration when choosing monitoring sites is to reduce any confounding influences, 
such as changes in hydrodynamics or water quality between monitoring sites. It therefore becomes a 
balancing act to minimise spatial dependence (i.e. closely situated sites that influence each other), 
yet avoid the monitoring and restoration sites having significantly different environmental 
conditions. To get around these issues, once a restoration location and project area has been 
identified, the statistical program R, the package MBHdesign15 and habitat and bathymetry layers 
can be used to generate a randomised, spatially-balanced transect design (Figure 7). Alternately, 
expert and local knowledge can be used to select relevant spatial separation for transects and locate 
them within each habitat to minimise spatial dependence. 

 

 
 
 

Target Shellfish 
On each 50 m transect in restoration and positive reference habitats (if available), target shellfish are 
collected by sampling 15 quadrats (typically 0.25 m2 e.g. 50 x 50 cm , but can cover a smaller area if 
shellfish densities are high) along each transect. Quadrat placement should be randomised using two 
independent random number sets using a random number generator. The first random number set 
identifies a distance along the 50 m base transect where a perpendicular transect is then laid. The 
length of the perpendicular transect should be the mean width of reef patches being surveyed. The 
Foster, SD. MBHdesign: An R-package for efficient spatial survey designs. Methods Ecol Evol. 2021; 12: 415– 420. 
https://doi.org/10.1111/2041-210X.13535 

Figure 7 A schematic of a randomised, spatially-balanced monitoring design for Reef Builder. At a given location, a project area is defined 
encompassing three habitat types: (1) the reef restoration area – yellow polygon and grey reef structures; (2) soft-sediment – brown; and (3) 
seagrass – green (or other designated habitat). Within each habitat, each monitoring methodology is undertaken and replicated equally. 

Vertical lines = underwater visual census (6 per habitat). 

https://www.calculatorsoup.com/calculators/statistics/random-number-generator.php
https://doi.org/10.1111/2041-210X.13535
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second random number set identifies a distance on the perpendicular transect, such that quadrats 
are randomly sampled across the entire reef patch area. For other reference habitats (i.e. seagrass 
and soft-sediments), shellfish are surveyed in 1 m (wide) x 5 m (long) blocks along each side of the 
50 m transect, given the likely low densities of shellfish in these habitats. 

 
During sampling, divers can measure in-situ or collect all target shellfish within the surveyed quadrat 
and return to shore or dive vessel for measuring. If the shellfish are on rock or shell reefs, divers collect 
10 cm into the reef substrate. All shellfish and sampled substrate should be placed into mesh collection 
bags. The mesh collection bags can then be attached to a shotline and lifted to the surface for 
measurement on the research vessel or on shore. For seagrass and soft-sediment surveys, shellfish 
can be measured underwater or taken to the surface and measured depending on numbers of shellfish 
present and convenience. 

 
 

Measuring 
Using callipers, shellfish should be measured for height (the distance from the hinge axis to the distal 
margin of the shell) to the nearest millimetre (see Figure 8). Shellfish are returned to the reef after 
sampling. Shellfish density is calculated by Equation 1. 
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Figure 8 Measurement guide for Oysters and Mussels. 
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5. Subtidal Target shellfish surveys 
a) Restoration reefs – 15 randomly placed quadrats (0.25 m2) per transect for 

target shellfish 
b) Seagrass, soft-sediments or other reference ecosystem (can be surveyed whilst 

doing Underwater Visual Census; see below) – survey entire 50 m transect with 
one diver each side, breaking into 5 m (long) x 1 m (wide) blocks or 10 blocks per 
side of transect. 

Method 

i. Measure height of a maximum of ~ 250 target shellfish per transect, 
ensuring no size bias. Therefore: 

Restoration reefs: In each quadrat, if target shellfish are present, a 
maximum of 17 oysters and/or 17 mussels heights should be 
measured. 

Seagrass, soft-sediment, rocky reef: In each block, if target shellfish 
are present, a maximum of 13 oysters and/or mussels should be 
measured. 

ii. Including those measured for height in quadrats/blocks, count the 
number of live target shellfish per quadrat/block (oysters and/or 
mussels) 

Indicators 

6. Total number of live target shellfish – the number of live shellfish, including recruits, per m2. The 
mean density (Equation 2) of live shellfish provides a measure when compared to the benchmark for 
the target species. 
 
Data entry 

A standardised Excel sheet for data entry can be found here (example Figure 9). It is best to open 
using Excel online for data entry to avoid duplication. If multiple files are needed for data entry, 
amalgamate into a single file then label and upload back onto BOX. All grey cells (LOCATION, STATE, 
LAT, LONG, BIOREGION, WATER_TYP, HABITAT, SPP) within the datasheet will automatically fill 
based on the selection in the SITE_CODE column. The greyed cells will prefill based on the 
SITE_CODE input from data in the REEFS1 tab using a lookup. Sites that haven't been surveyed will 
need to have the SITE_CODEs and LONG and LAT (coordinates) data added to the REEFS1 tab, all 
other metadata can be copied from the LOCATION information already in the data sheet once 
individual SITE_CODEs have been added (example Figure 10). 

The remaining variables for entry are: 

DATE: This is the date of the survey 

REP: The replicate number, i.e. 1-10 for each site 

COUNT: The number of shellfish counted. When heights are being measured this will only be for an 
individual shellfish, thus the COUNT will be 1. When density counts are being entered COUNT will be 
≥1. 

https://tnc.box.com/s/70zk52xhuvs5lf4znek0lfybckmm6oie
https://tnc.box.com/s/70zk52xhuvs5lf4znek0lfybckmm6oie
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MULTIP: The multiplier to standardise to 1 m2. 50x50 cm or 0.25 m2 quadrats = 16; 5 m2 blocks = 0.2; 
1 block alongside a 50 m transect = 0.02 

ROCK_SHELL: A categorical input if the shellfish was settled on ‘ROCK’ or ‘SHELL’ or ‘CLUMP’, i.e. 
mussels clumped together by byssus. 

 

 

Figure 9 Shellfish standard data entry template showing the DATA tab for data entry. DATA and REEFS1 tabs highlighted by 
red oval. 
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Figure 10 Shellfish standard data entry template showing the REEFS1 tab for SITE_CODES and associated site and location metadata. 
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Underwater visual census – UVC 
Visual census techniques provide an effective, non-destructive way to monitor species because large 
amounts of data on a broad range of species can be collected within a short period, with little post- 
processing time required. 

The surveys include visual observations of mobile fish, cryptic fish, mobile epifauna, encrusting 
invertebrates, algae and benthic substrate. 

The Reef Life Survey (RLS) methods are globally standardized, based on underwater visual censuses 
(UVC) along 50 m transects. Each survey includes three separate methods, namely (1) fishes and larger 
mobile fauna; (2) mobile invertebrates and cryptic fishes, and (3) photoquadrats of substrate cover. 
Together, these methods cover the majority of large biota on reefs that can be surveyed visually, i.e. 
>2.5 cm in size (Stuart-Smith et al. 2017). 

Method 
The method is based on the RLS approach (https://reeflifesurvey.com/methods/) and includes: 

Method 1 (Figure 9): Fishes, reptiles, mammals and cephalopods are surveyed in duplicate 5 m wide 
belts on either side of the transect line, with abundance and size recorded for all species observed 
during a single swim-through. All species sighted within the blocks are recorded, including unidentified 
individuals, which are usually photographed for later identification with the assistance of taxonomic 
keys/experts. Size bins used are 2.5, 5, 7.5, 10, 12.5, 15, 20, 25, 30, 35, 40, 50, 62.5, 75, 87.5, 100, 112, 
125, 137.5, 150, 162.5, 175, 187.5, 200, 250, 300, 350, 400 with larger individuals estimated to the 
nearest 125 mm. Fish counts are later converted to biomass estimates using species-specific length- 
weight relationships provided in Fishbase (http://www.fishbase.org/search.php). 

https://reeflifesurvey.com/methods/
http://www.fishbase.org/search.php
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Figure 11 Schematic of method 1 (M1) survey techniques https://reeflifesurvey.com/methods/ accessed 15/03/2021). 

 
 

Method 2 (Figure 10): Large mobile invertebrates (echinoderms, molluscs and crustaceans >2.5 cm) 
and cryptic fishes are counted in duplicate 1 m wide belts on either side of the line, with divers 
brushing aside any vegetation and looking closely in crevices, under ledges or amongst structure, i.e. 
sponges, corals, shellfish clumps. 

 

 
 

For cryptic fishes, consult the following table of fish families (Table 4). This can also be found on all 
data entry templates under the Cryptic Families tab. 

 
 
 
 
 

Figure 12 Schematic of method 2 (M2) survey techniques https://reeflifesurvey.com/methods/ accessed 
15/03/2021). 

https://reeflifesurvey.com/methods/
https://reeflifesurvey.com/methods/
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Table 4 Cryptic fish families to be counted on Method 2. 

FAMILY COMMON NAME 
Agonidae Poachers 
Ambassidae  Glassfishes 
Anarhichadidae Wolf eels 
Antennariidae Anglerfishes 
Aploactinidae Velvetfishes 
Apogonidae Cardinalfishes 
Ariidae Catfishes 
Aulopidae Sergeant bakers 
Bathymasteridae Ronquils 
Batrachoididae Frogfishes 
Blenniidae Blennies 
Bothidae Lefteye flounder 
Bovichtidae Thornfish 
Brachaeluridae Blind sharks 
Brachionichthyidae Handfishes 
Bythitidae Blindfishes and cuskeels 
Callionymidae Dragonets 
Caracanthidae Crouchers 
Carapidae Pearlfish 
Centriscidae Razorfish 
Chaenopsidae Tubeblennies, flagblennies 
Chironemidae Kelpfishes 
Cirrhitidae Hawkfishes 
Clinidae Weedfishes 
Congridae Conger eels 
Congrogadidae Eel blennies 
Cottidae Sculpins 
Creediidae Sand divers 
Cryptacanthodidae Wrymouths 
Cyclopteridae Lumpsucker 
Cynoglossidae Tonguefish 
Dasyatidae Stingrays 
Diodontidae Porcupinefish 
Eleotridae Gudgeons 
Gnathanacanthidae Red velvetfish 
Gobiesocidae Clingfishes 
Gobiidae Gobies 
Grammistidae Soapfishes 
Hemiscylliidae Longtail carpet sharks 
Heterodontidae Bullhead sharks 
Holocentridae Squirrel and soldier fishes 
Hypnidae Coffin rays 
Labrisomidae Tropical blennies 
Leptoscopidae Pygmy stargazers 
Liparidae Snailfishes 
Lotidae Burbots 
Monocentridae Pineapplefishes 
Moridae Beardies 
Muraenidae Moray eels 
Nototheniidae Icefishes 
Ophichthidae Snake and worm eels 
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Ophidiidae Lings 
Opistognathidae Jawfishes 
Orectolobidae Wobbegongs 
Paralichthyidae Large-tooth flounder 
Parascylliidae Catsharks 
Pataecidae Prowfishes 
Pegasidae Seamoths 
Pempheridae Bullseye 
Pholidae Gunnels 
Pinguipedidae Grubfishes 
Platycephalidae Flatheads 
*Plesiopidae – excluding Trachinops Longfins 
Pleuronectidae Righteye flounder 
Plotosidae Catfishes 
Priacanthidae Bigeyes 
Pseudochromidae Dottybacks 
Psychrolutidae Fatheads 
Rajidae Skates 
Rhinobatidae Shovelnose rays 

 
Scorpaenidae 

Scorpionfish, orbicular 
velvetfish 

*Serranidae - excluding “Anthias”, Caesioperca, and Lepidoperca Rockcods & Seaperches 
Scyliorhinidae Catsharks 
Soleidae Soles 
Solenostomidae Ghostpipefishes 
Stichaeidae Prickleback 
Synanceiidae Stonefish 
Syngnathidae Pipefish & Seahorses 
Synodontidae Lizardfishes and Sauries 
Tetrabrachiidae Anglerfishes 
Tetrarogidae Waspfishes 
Torpedinidae Numbfish 
Trachichthyidae Roughies 
Tripterygiidae Threefins 
Uranoscopidae Stargazers 
Urolophidae Stingarees 
Zaproridae Prowfish 
Zoarcidae Eelpouts 
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Method 3: Photo-quadrats: Digital photo-quadrats (~30 cm of substrate) are taken at 2.5 m intervals 
along the transect line for algae, sessile invertebrates and benthic substrate (e.g. sand and seagrass). 
Image-analysis uses the CATAMI annotation scheme in SQUIDLE+ with 10 points per photo-quadrat. 

 
 

Data entry 
Data entry is completed via specially designed online forms which contain species and site lists for 
each state to minimise data entry errors. Numerous surveys can be entered onto these templates, one 
below another, but be careful to ensure the appropriate site numbers, depths etc. are changed when 
new transects are started. 

Each site is identified by a unique code. For new surveys, a Site_code can be allocated using the Site 
Name, Habitat and transect replicate number. Each habitat is designated by a single or double letter 
code e.g. R – restoration, SG – seagrass, SS – soft-sediment and C – for a shellfish reef control. 

For example, the first transect at Windara restoration reef would have the code WIN_R1 and the third 
transect at Coronation Bay seagrass would be CB_SG3 
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Figure 13 Survey and site metadata to be filled out on survey data sheets. 

 
Standard data sheets for SCUBA data collection can be downloaded here. 

Data entry templates are here: 

data entry template here  

An example of the survey and site metadata required for the standard data sheets is shown in Figure 
13. As per previous data entry templates, the grey cells are prefilled from inputs in the cells preceding. 
For example, ‘Site Name’, ‘Longitude’, ‘Latitude’ and ‘Habitat’ are prefilled from a look up to the SITES 
tab and entry of the Site code. New sites will need metadata entered into the SITES tab prior to data 
entry. The way that the standard data sheets for SCUBA relate to the data entry templates is provided in 
Figure 14. 

The ‘Species’ and ‘Common name’ prefills using species lists from M1 (example in Figure 15 ) and M2 
tabs when the ‘Method’ cell value is 0, 1 or 2 designating Method 0, 1 or 2, respectively. When ‘0’ is 
entered it uses the three letter species code from the ‘Code’ cell and looks in both M1 and M2 tabs. 
When ‘1’ is entered a lookup function selects from the M1 species list in the M1 tab and M2 only in 
the M2 tab. 

The three or more letter species ‘Code’ come from the 1st letter from the genus and first two letters 
from the species in the scientific name, thus, Acanthaluteres spilomelanurus will be ‘asp’. When there 
are scientific names that will result in the same code, additional letters from the species of the 
scientific name are added to ensure no duplicate codes. When the genus is only known for an 
unidentified species, the full genus name is used e.g. Atherinidae spp. = Atherinidae as the ‘Code’. 
Existing codes can be looked up in the species list tabs (M1 and M2) during data entry. 

 

Figure 14 Example of how underwater data sheets relate to the Excel data entry template. 
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Figure 15 Top 15 rows from the M1 species list tab showing species codes, species names and common name. 

 
 

 
 
 

1. Underwater Visual census 
a. Six 50 m UVC transects per site given suitable area. Inclusive of three methods: 

M1 – fishes and large swimming animals, M2 – cryptic fish and benthic 
invertebrates, M3 – photo-quadrats every 2.5 m along transect 

b. All species identified and total length (where relevant) estimated by divers and 
recorded on data sheets (template provided above) 

c. Voucher ID photographs provided of each species for cataloguing and QA/QC. 
d. Photo-quadrats taken every 2.5 m, 30-50 cm from seafloor with approx. field of 

view of 30 x 30 cm 
e. Maintain best photo quality, i.e. use flash/strobes, highest image quality and 

avoid over exposure or dark regions 
f. All ID, photo-quadrat and transect videos labelled using standard file naming 

protocol 
g. Raw data transposed from datasheet to UVC data entry worksheet and 

uploaded with transect videos, ID and photo-quadrats to archive and data portal 
h. Photo-quadrats analysed using the CATAMI annotation scheme in SQUIDLE+ 

with 10 points per photo-quadrat. CATAMI annotation schema details here 
 

Deliverables 
 

i. Datasheets for archive 
j. Labelled voucher ID photos 
k. UVC data uploaded to data portal 
l. Photo-quadrats labelled for archive 
m. Photo-quadrat data processed and data uploaded to data portal 

 
 

For detailed Reef Life Survey methodology see https://reeflifesurvey.com/methods/ 

https://squidle.org/
https://reeflifesurvey.com/methods/
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Indicators 
Total abundance of fish (g/m2, kg/ha) – Total biomass of the fish assemblage over the area of 
survey. 

Species richness of macroinvertebrates – Count of species found on the reef; a key measure of 
biodiversity. 


