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Executive summary
Introduction
Boating and related recreational activities such as fishing, diving and other aquatic pursuits are
iconic parts of the Queensland lifestyle and an important contributor to local and regional
economies. Buoy moorings are a means of securing vessels, providing a safer alternative to
anchoring and a more cost-effective option than marina storage. Mooring chains of 'traditional'
block and tackle buoy moorings drag on the substrate around their moorings, resulting in
disturbance to seagrass and benthic fauna. Environmentally-friendly moorings (EFM) keep
mooring tackle off the seafloor and therefore result in little or no disturbance to marine flora and
fauna. Interagency planning to address disjointed mooring approvals processes identified the
need for the project to trial EFM in Moreton Bay.
Key stakeholders worked collaboratively on this project to trial EFM in Moreton Bay. The project
had funding and in-kind support from project partners, as well as Caring For Our Country
(Community Coastcare) funding.
Methodology
Three EFM designs, the Seagrass Friendly Mooring System, EzyRider Mooring and Seaflex
Mooring, were trialed at four locations in Moreton Bay. Collaborative agreements were established
with trial participants in order to conduct the trials. One of each of the three EFM designs was
installed at each of the four locations, 12 trial moorings in total. Each mooring was serviced twice
during the 18 month trial.
To identify project and / or moorings issues, questionnaires were sent to each of the trial
participants after the first EFM service, and interviews were conducted with the trial participants
and mooring designers / contractors after the second EFM service event.
A University of Queensland (UQ) engineering study investigated the ability of the Seagrass
Friendly Mooring screw anchor to hold boats in the environmental conditions of Moreton Bay.
Ecological studies performed by UQ focused on monitoring of benthic animals (animals living in
and on the sediment) to determine:

if installation and use of EFM caused a significant impact on the nearby benthos

which, if any, type of EFM caused the least damage to the environment

differences between areas with moorings to adjacent areas without moorings.
The delayed project start meant that moorings were installed during the stormy (summer season)
in early 2010. Bad weather caused further delays in installation, which was spread between
January and March 2010. Most moorings were installed successfully, with some issues requiring
changes to mooring design or location.
Servicing inspections revealed a number of issues that required repair or modification, in some
cases as a precaution to prevent future problems. Each mooring design proved suitable for the
environmental conditions in Moreton Bay and no major issues were reported with nine of the 12
moorings. However three moorings failed. This appeared to be due to the failure of shackles on
two EzyRider moorings and a plastic grommet coming off the shaft of one Seaflex mooring.
An EFM Forum was held on 12 September 2011 to communicate outcomes and lessons learnt
from the trial. The Forum included a series of presentations by project partners, mooring owners
and moorings manufacturers / contractors with opportunities for open discussion. Future directions
for EFM were also explored.
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Results
Half of the trial participants returned their questionnaires about the moorings and project
performance after the first mooring service. Feedback was very positive, with respondents happy
with the reduced environmental impact of the moorings and ease of use. Interviews were
completed with six trial participants, two EFM companies and a moorings contractor. Key
feedback from the interviews included:

support for the project & EFM concept

cost is a key factor in EFM uptake

there is insufficient documentation/instruction for owners & installers

satisfaction with mooring/company varied with issues experienced

local industry development issues

benefits of standards/accreditation for moorings

better promotion of EFM

need for government intervention / facilitation in EFM uptake.
The engineering study found that the Seagrass Friendly Mooring System anchor design is
sufficient to hold private pleasure vessels in Moreton Bay.
Preliminary results of the ecological study indicate that there was no detectable effect of installing
the trial EFM within existing mooring areas. There were consistent differences in the composition
of benthic fauna assemblages between some mooring areas and nearby non-mooring areas. This
could indicate a more systemic effect of mooring areas in general. The benthic assemblages in
areas where EFM were installed appear to be in recovery, becoming more similar to the fauna in
areas without moorings.
Approximately 70 people attended the Forum, which was very successful in bringing together a
wide variety of individuals, sectors and interest groups to discuss project results and debate key
issues for use of EFM. Feedback from participants following the Forum was very positive. The
Forum provided an opportunity to discuss and debate similar issues to those identified during the
interviews process.
Discussion
EFM present a better alternative to traditional mooring designs from an ecological perspective.
The installation of a greater number of EFM may help to alleviate potential impacts from mooring
areas. There is strong support for EFM in Moreton Bay, however better communication of the
benefits of EFM is required.
Minor modifications made to moorings for installation and operation demonstrate the flexibility of
EFM designs to suit local conditions and owner concerns, and the value of trialing EFM in local
conditions.
Mooring owner satisfaction with the EFM / company varied with issues experienced. There must be
a close relationship between all involved parties, with a clear understanding of EFM installation and
operation based on detailed instruction manuals and/or training. It is possible that better
documentation / training and communication between manufacturers and installers may have
prevented failure of the three EFM. The lessons learned from the project have led EFM companies
to propose a number of improvements to the services they offer.
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Uptake of EFM
There are a number of issues that may slow the uptake of EFM in Moreton Bay and in Queensland
in general. These include:

the higher cost of EFM

the scarcity of local EFM manufacturers / contractors in Queensland

mooring modifications may need to be made due to differing environmental conditions
throughout the state, however the flexibility of existing EFM designs may allow this.
Initiatives that could help to resolve these issues include:

promotion of the benefits of EFM will increase demand for EFM

economies of scale will encourage increased demand for EFM

establishment of a local EFM industry would resolve issues and concerns with existing
companies being based outside Queensland

greater government facilitation will increase EFM uptake

a system of recognized standards for moorings and accreditation for companies and installers
would benefit EFM uptake

further trials/demonstration of EFM in north Queensland’s tropical conditions would encourage
local uptake of EFM.
Conclusions and recommendations
In conclusion:

Traditional block and tackle buoy moorings can have a significant impact on seagrass and
other habitats.

EFM reduce the impact to seagrasses and other benthic organisms around the moorings.

Three EFM designs were trialed in Moreton Bay and were found to be suitable at securing
vessels although insufficient installation manuals / training and communication between
manufacturers and installers contributed to the failure of three moorings.

A close relationship between EFM manufacturers, installers and owners is essential.

Minor modifications were made to EFM designs to suit Moreton Bay’s conditions, highlighting
the need for local EFM industry

Government, the EFM industry and the boating community must work together to facilitate
uptake of EFM.
We recommend that:

there be greater government involvement in facilitating uptake of EFM, which may include:

additional cost incentives (e.g. rebates)

a lease system for EFM, including third party management

an extension of interagency planning

there be greater effort into promotion of EFM and their benefits

EFM are installed in condensed areas, which results in economies of scale and improved
environmental benefits

local EFM industry be developed to encourage uptake and to resolve ‘teething difficulties’

user and installer manuals and / or training be developed / improved for each EFM type

a trial / demonstration of EFM be set up in north Queensland.
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Introduction
Background
Boating and related recreational activities such as fishing, diving and other aquatic pursuits are
iconic parts of the Queensland lifestyle and an important contributor to local and regional
economies. Safe storage of and ready access to vessels are essential elements of this lifestyle.
Buoy moorings are a means of securing vessels, providing a safer alternative to anchoring and a
more cost-effective option than marina storage. A buoy mooring includes a block or screwed
anchor system, with a system of ropes, cables or chains and a float or buoy on the surface. Buoy
moorings are typically used to permanently secure private vessels of up to 15 m length.
There are currently about 4000 approved buoy moorings in Queensland. Rapid population growth
centred on coastal areas is causing great challenges for coastal management, including managing
the demand for vessel moorings.
Mooring chains of 'traditional' block and tackle buoy moorings drag on the substrate around their
moorings, resulting in significant scouring of sediments and disturbance to seagrass and other
benthic marine plants. The amount of disturbance can be more than 0.1 ha per vessel, in the
shape of a halo (Plate 1). Given the large number of moorings currently present and predicted
demand for new moorings, this represents a significant area of seagrass and other benthic habitats
being disturbed in Queensland.

Plate 1. Disturbance halo of traditional block and tackle mooring on seagrass habitats in Moreton Bay.

An environmentally-friendly mooring (EFM) is a buoy mooring that results in very little or no
substrate disturbance by keeping the vessel and all mooring tackle off the sea floor at all times.
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One type of EFM design, the Grouted Screw Mooring (Pacific Marine Group, Townsville), is used
for public ‘day’ moorings in sensitive Great Barrier Reef habitats, but is not used for permanent
mooring of smaller private pleasure vessels.

Complexity of moorings management in Queensland
Buoy moorings management in Queensland waters is complex, encompassing multiple agencies,
jurisdictions and interests. Approval processes, timeframes and costs vary considerably.
Interaction and coordination between agencies has historically been poor, leading to unacceptable
management outcomes and environmental impacts. This includes approval of buoy moorings by
one or more agencies that would not – or in some cases could not - be approved under the
legislation of another agency.
Buoy moorings approvals encompass:


Maritime Safety Queensland (MSQ) is the primary agency responsible for the management
and control of buoy moorings in Queensland waters. MSQ approves placement of buoy
moorings through issue of a buoy mooring authority (BMA) under the Transport Operations
(Marine Safety) Regulation 2004. While MSQ has a whole of state framework for approving
buoy moorings, regional harbour masters may apply area specific conditions. In assessing
applications for buoy mooring authorities, MSQ is primarily concerned with ensuring maritime
and navigational safety.



The Department of Employment, Economic Development and Innovation (DEEDI) manages
fish habitats in marine and freshwaters to sustain Queensland's commercial, recreational and
indigenous fisheries. Buoy moorings placed on protected marine plants (e.g. seagrasses)
require authorisation from DEEDI under the Sustainable Planning Act 2009 (the Planning Act).
Buoy moorings placed in declared Fish Habitat Areas (FHAs) require authorisation from
DEEDI under both the Planning Act (a development permit) and the Fisheries Act 1994 (a
resource allocation authority). Fisheries legislation prohibits the placement of private vessel
moorings in management A declared FHAs. Declared FHA plans are available at
www.dpi.qld.gov.au (Fisheries – Habitats – Declared Fish Habitat Areas – Plans).



The Department of Environment and Resource Management (DERM) is responsible for
managing climate change and protecting the environment. DERM authorises placement of
buoy moorings in state marine parks under the Marine Parks Act 2004.



The Great Barrier Reef Marine Park Authority (GBRMPA) manages the Great Barrier Reef
Marine Park (GBRMP) and undertakes planning for and authorisation of vessel moorings. As
the GBRMP shares Queensland waters with state marine parks, permits grant permission for
activities in both (under the Queensland Marine Parks Act 2004 and the Commonwealth Great
Barrier Reef Marine Park Act 1975).

Why trial EFM in Moreton Bay?
The idea to trial EFM in Moreton Bay resulted from cooperation between Queensland Government
agencies to improve moorings management in Moreton Bay. This initiative resulted in:

Designated Mooring Areas (DMAs), where agencies agreed on acceptable locations for buoy
moorings. DMAs are specified in the Marine Parks (Moreton Bay) Zoning Plan 2008.

A streamlined approvals process for EFM, including reduced fees and paperwork. Through the
provisions of the marine park zoning plan and DEEDI’s self assessable code for development
MP06 1 , EFM can be installed within DMAs in the marine park (outside of management A
1

http://www.dpi.qld.gov.au/documents/Fisheries_Habitats/MP06-Minor-impact-works.pdf
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declared FHAs) with permission required only from MSQ in the form of an annual BMA. The
cost and administrative savings of this streamlined process are significant, particularly for
Fisheries approvals ($2000-3000).
Key to this coordinated approach to managing moorings is the use of EFM. As these had not been
used in Queensland previously for permanent mooring of private vessels, the need for a project to
trial commercially available EFM was clear (Derbyshire et al. 2009).

The project
The purpose of the project was to provide long-term protection to benthic areas including seagrass
beds potentially impacted by increased vessel activity and mooring use in Moreton Bay, by:

trialing the EFM to determine their efficacy in securing boats in Moreton Bay’s environmental
conditions and reducing impacts to habitat, including:
a. monitoring and documenting their effectiveness
b. establishing which EFM designs are effective and recommending these for use in
Queensland

reviewing policies and procedures to streamline application processes as an incentive for
deployment of EFM

developing education and awareness packages to promote the effective use of EFM in
Queensland.

Project partners / consortium
Key stakeholders worked collaboratively to design and run this project to trial EFM in Moreton Bay.
There were a large number of project partners, Table 1 below summarises their involvement.
Table 1. Project partners and their roles.

Project partner
Australian Government
SEQ Catchments LTD.
Fisheries Queensland, Department of Employment,
Economic Development and Innovation
Maritime Safety Queensland, Department of
Transport and Main Roads
Department of Environment and Resource
Management (Moreton Bay Marine Park)
Seagrass Watch Program
University Queensland
Moreton Bay Seafood Industry Association
Tangalooma Resort
Moreton Bay Access Alliance

Role / input provided
Funding.
Project management of Australian
Government funds, communication &
awareness.
Project coordination, technical support,
funding.
Administration of mooring licences,
technical support.
Management of Moreton Bay Marine Park,
technical support, vessel usage, funding.
Community seagrass monitoring.
Research, technical advice and expertise ecology and engineering.
Advice and assist with engagement of
Moreton Bay user groups.
Mooring site, use of vessel and volunteer
for mooring transfer.
Advice and assist with engagement of
Moreton Bay user groups.
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Project funding and in-kind
The project had funding and in-kind support from project partners, as well as Caring For Our
Country (Community Coastcare) funding.
The total project value was $335,228.
A summary of funding is supplied below:
Caring for Our Country
$155,228
DEEDI $
40,000
DERM $
16,000
TOTAL FUNDING
$211,228
In kind contributions:
DEEDI $
DERM $
SEQ Catchments
Seagrass Watch
TOTAL IN-KIND

2

26,000 2
73,000
$ 15,000
$ 10,000
$124,000

DEEDI’s actual in-kind contribution to project coordination was substantially greater than this amount.
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Methodology
Moorings designs
At least three EFM designs are available in Australia, which may be installed and used with
minimal impact to seagrass and other marine habitats. These are the:

Seagrass Friendly Mooring System (http://www.seagrassmooring.com.au/), Figure 1

EzyRider Mooring (Global Moorings) (http://www.ezyridermooring.com/), Figure 2

Seaflex Mooring (http://www.seaflex.net/), Figure 3.
The Seagrass Friendly Mooring System uses a screwed in mooring post as the anchor point. Load
spreaders attached to the mooring post just below the sea bed stabilize the post. Above the
seabed are a swivel head and shock absorber, then a hawser rope and a surface buoy (On Water
Marine Services 2011).
The EzyRider Mooring Buoy moves up and down the stainless steel shaft to allow for tidal
movement and wave action. Rubbers are connected from the base of the buoy to the bottom of the
shaft that lift and these hold the chain up off the sea bed floor (Advanced Mooring Technology
2011). The buoy can be used with concrete blocks or the Advanced Mooring Technology’s Offset
Anchor System. The Offset Anchor System includes three steel pins driven into the sea floor.
The Seaflex mooring has a homogenous rubber core with a braided cord (Seaflex 2011). This
gives a resistance that dampens motions in the water and works as a shock absorber. This system
does not come with an anchor, but may be used with buried anchor poles 3 or concrete blocks.
These designs are used to varying extents in other states, but had not been used in Queensland.

Figure 1. The Seagrass-Friendly Mooring System, as shown on the ‘New Inventors’ television programme,
ABCTV.

3

Seaflex promotes the use of helix anchor systems, see www.seaflex.net
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Figure 2. The EzyRider mooring and its offset anchor system.

Figure 3. The Seaflex mooring.

Site selection
A key component of the trial was selection of suitable trial locations. Locations were first shortlisted
by analyzing current Moreton Bay DMAs with suitable:

numbers of moorings

water depth

seagrass presence

sediment type
Environmentally-friendly moorings trials in Moreton Bay, Queensland Final report to SEQ Catchments
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relative proximity to other potential trial locations.

Expression of interest applications for participation in the trial were sent to 275 private BMA
holders in the shortlisted areas. Seventy-five expressions of interest were received (27%),
indicating a significant interest in EFM.
Tangalooma Resort was also contacted to arrange project participation at Moreton Island.
Expressions of interest were assessed for suitability for the trial, namely:

presence of BMA holder during the timeframe of the trial

vessel moored on the mooring approximately 75% of the time

vessel length and draught

presence of at least two other EOI applications in the area.
A ballot was used to allocate mooring types.
The selected trial locations represent a range of environmental conditions in Moreton Bay, and
therefore would demonstrate the effectiveness of moorings in other areas in Queensland (Figure
4). The locations were:

Tangalooma, Moreton Island (Plate 2)

One Mile, North Stradbroke Island (Plate 3)

Dalpura Bay, Macleay Island (Plate 4)

Point Halloran, near Victoria Point (Plate 5).

Figure 4. EFM trial locations in Moreton Bay.
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Plate 2. The trial location at Tangalooma, Moreton Island.

Plate 3. The trial location at One Mile, North Stradbroke Island.
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Plate 4. The trial location at Dalpura Bay, Macleay Island.

.

Plate 5. Vessel on EFM at Point Halloran.
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Timing
Delays in securing funding from the Australian Government delayed the start of the project by six
months. Field work did not commence until January 2010 (Table 2).
Table 2. Dates of EFM installation, servicing and ecological and engineering studies

Event

Timing

Caring for our Country application submitted

July 2008

Project approved by Australian Government

May 2009

Collaborative agreements, contracts, site selection

June – December 2009

First UQ ecological study

January 2010

EFM installations and traditional mooring removal

Late January – early March 2010

UQ engineering study

May 2010

Second UQ ecological study

July 2010

First EFM service event

October 2010

Third UQ ecological study

November 2010

Second EFM service event

July 2011

Project completion

October 2011

Plate 6. Installation of the Seagrass Friendly Mooring at Dalpura Bay, Macleay Island.
Environmentally-friendly moorings trials in Moreton Bay, Queensland Final report to SEQ Catchments
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Plate 7. Project collaborators preparing to view EMF installation.

Role of trials participants
Collaborative agreements were established with the successful EOI applicants in order to conduct
the trials. One of each of the three EFM designs was installed at each of the four locations, 12 trial
moorings in total (Plates 6 & 7). These replaced 12 traditional moorings which were removed.
Where possible, EFM were installed in close proximity to, but not at the site of the (removed)
traditional moorings. BMAs were amended by Maritime Safety Queensland in cases where the
EFM was installed at a different position to the (removed) traditional mooring.

Servicing inspections
Inspections of EFM were undertaken at nine (October 2010) and 18 months (July 2011) after
installation. This allowed for routine maintenance and to rectify any identified issues with the
moorings.

Questionnaires & interviews
Questionnaires were sent to each of the trial participants after the first EFM service, for interim
feedback on the project and moorings performance to date. Face to face interviews were also
conducted with the trial participants and mooring designers / contractors after the second EFM
service event.
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UQ engineering assessment
The aim of the engineering study was to investigate the ability of the Seagrass Friendly Mooring
screw anchor to hold boats in the environmental conditions of Moreton Bay, as it was the least
tested anchor system used in the trials.
The study comprised a literature review, site visits to the Seagrass Friendly Mooring at Point
Halloran, a theoretical analysis of the uplift capacity of screw anchors, investigation of wind and
wave conditions in Moreton Bay, and estimates of wind and wave loads for such conditions.
The full report is in Appendix 1.

UQ ecological assessment
Ecological studies performed by the University of Queensland focused on monitoring of benthic
animals (animals living in and on the sediment) prior to, and twice after, EFM installation. Studies
were structured to determine:

if installation and use of EFM caused a significant impact on the nearby benthos

which, if any, type of EFM caused the least damage to the environment

differences between areas with moorings to adjacent areas without moorings.
The sampling design involved collection of sediment cores from:

‘treatment’ sites - random positions within 5 m of the edge of each EFM anchor

‘internal control’ sites - three plots randomly positioned within the mooring location (i.e. either
Dalpura Bay, Point Halloran, One Mile and Tangalooma) but at least 30 metres from a
mooring and 100-150 metres from each other.

‘external control’ sites’ - more than 500 m away from each mooring location; replicate cores
were collected from each of three plots positioned approximately 150 m from each other.
These had similar depth and bottom topography as the mooring area.
Benthic infauna samples were collected using hand-held PVC cores pushed into the substratum to
a depth of 15 cm. Cores were fixed in 4% Rose Bengal-stained formaldehyde. After 48-72 hours,
the samples were washed across 500 μm sieves with the retained material preserved in
a 70% ethanol-seawater solution until the organisms could be sorted and identified.
Further details on the methodology are available in Appendix 2.

Seagrass Watch
Seagrass Watch reported directly to SEQ Catchments.

Forum
An EFM Forum was held on 12 September 2011. The purpose of the forum was to communicate
outcomes and lessons learnt from the trial. The Forum included a series of presentations by
project partners and moorings manufacturers / contractors with opportunities for open discussion.
Future directions for EFM were also explored.
Mooring trial participants, the wider boating community, EFM designers, marine industry groups
and government agencies were invited to the forum. See Appendix 4 for details.
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Results
Moorings installation issues
The delayed project start meant that moorings were installed during the stormy (summer season)
in early 2010. Bad weather caused delays in installation, which was spread between January and
March 2010.
Most moorings were installed successfully, with some issues requiring changes:

The Seaflex and the EzyRider moorings at Point Halloran had to be moved one month after
installation as they were too close to adjacent vessels. Point Halloran has many moorings and
some vessels have large scope (swing area).

The Seaflex and EzyRider moorings at One Mile were installed slightly closer to their original
positions than planned to allow for safe navigation of adjacent vessels. The positions were still
outside the original moorings disturbance halos.

The Seagrass Friendly Mooring at Tangalooma was installed in shallower water (5 m at low
tide) than planned as the installer did not have a long enough drill rig on the day to reach the
sea bed of the nominated location (approximately 10 m deep).

The EzyRider moorings were not supplied with the required ‘locking bar’, and the contractor
had to source suitable components locally. In addition, the supplied shackles were not the
recommended ‘green pin safety shackles’ (Jody Waters, pers comm. 2011).
Several modifications were made to the standard EFM designs for Moreton Bay conditions:

Seagrass Friendly Moorings were screwed in deeper in muddy sediments.

Seagrass Friendly Moorings shock absorbers were installed attached to the buoy rather than
the anchor in response to owners’ concerns. The moorings would still have worked in the
original configuration (Des Maslen pers comm. 2011) and this modification demonstrates
flexible design.

The offset pin anchor system normally used on EzyRider moorings was not suitable for the
trial locations with silty sediments (Point Halloran and Dalpura Bay). At these locations three
concrete blocks were used.

The standard Seaflex mooring pole was shortened to accommodate the 1 m low water level
required at the shallow sites in Moreton Bay.

Seaflex moorings do not come with an anchor system. Therefore three concrete blocks were
used at the locations with silty sediments and Manta Ray anchors were used at the two
locations with sandy sediments. The Manta Ray anchors are driven in to the substrate with a
hydraulic ram and proved very effective (Jody Waters pers comm. 2011).

Moorings inspection issues
Servicing inspections by Des Maslen (Seagrass Friendly Mooring) and Jody Waters, Waters
Marine (EzyRider and Seaflex moorings) revealed a number of issues that required repair or
modification, in some cases as a precaution to prevent future problems.
Corrosion of shackles was identified during inspections of Seagrass Friendly Moorings:

Steel shackles: Minor corrosion was evident in July 2011. Although the corrosion was unlikely
to cause any problems (Des Maslen, pers comm. 2011), steel shackles were replaced with
stainless steel shackles as a precaution.
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Galvanised shackles: Electrolysis was observed between galvanised shackles and their
stainless steel mousing wire. These shackles were replaced with a nyloc lock nutted and
bolted version during servicing in July 2011, also as a precaution.

The swivel eye of the EzyRider mooring at One Mile was found to be seized in October 2010. A
standard 20 mm swivel placed under the buoy at riser and pin connection to the mooring rope
solved this issue.
A screw had fallen from the plastic grommet at the bottom of the buoy shaft of the Seaflex mooring
at One Mile in October 2010. The screw was replaced but the grommet later fell out causing failure
of the mooring (see below).
The deep water and periodic use of moorings by day vessels at Tangalooma caused issues that
were rectified on inspection:

The mooring rope had twisted around the Seaflex mooring hawser in October 2010, likely
because of the longer rope length required in deeper water, and the rope dropping on low tide
with little boat activity. A swivel was installed below the mooring hawser to help reduce
twisting. In October 2011 some twisting was still evident, but the rope is likely to pull straight
with the weight of a vessel on it (Jody Waters pers comm. 2011).

The weight of the long chain on the EzyRider mooring was observed in October 2010 to pull
the buoy rubbers down at low tide, causing the chain to drag on the bottom near the anchors,
thereby reducing the mooring’s environmentally-friendly function (Plate 8). Two floats were
added to the chain to improve buoyancy.

The hawser rope on the Seagrass Friendly Mooring had been worn through on a bow roller
after a vessel had been moored there and the owner had not set up the mooring line with the
protective sheave on the bow roller. A longer sheave was installed to provide greater
protection to the rope.

Plate 8. EzyRider with Offset Anchor at Tangalooma showing chain drag (Source: UQ, June 2010).

The moorings servicing contractors reported marine growth on all moorings (Plate 9). This was
greatest at Tangalooma and appeared greater than usually observed in more southerly waters
(Des Maslen, pers comm. 2011). In most cases this did not appear to effect mooring function and
the growth was cleared during servicing. The exception was the EzyRider mooring at Point
Halloran, where marine growth appeared to prevent the buoy from moving along the central shaft.
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The greater marine growth observed in Moreton Bay may be due to warmer waters than in
southern parts of Australia.

Plate 9. Marine growth on mooring at Tangalooma (Source: UQ, June 2010).

Moorings operation issues
Each mooring design proved suitable for the environmental conditions in Moreton Bay and no
major issues were reported with nine of the 12 moorings.
However three moorings failed. This appeared to be due to the failure of shackles on two EzyRider
moorings and a plastic grommet coming off the shaft of one Seaflex mooring:

The EzyRider mooring at Dalpura Bay broke away in June 2011 as a shackle pin had worked
loose despite shackle mousing. While this mooring was supplied with a faulty buoy, a fully
functional buoy was in place at the time of failure. The tackle was reconnected to the anchor
with a new shackle. There was a different vessel on the mooring at the time of failure but it is
unknown if this was a contributing factor.

The EzyRider mooring at Point Halloran failed in July 2011, again due to a shackle pin
working loose despite shackle mousing. It is uncertain if use of ‘yellow pin’ rather than ‘green
pin’ shackles may have contributed to the EzyRider shackle failures. There may also have
been prior damage to this mooring as a nearby vessel that had come off its traditional mooring
was observed to tangle with the EFM (Jim Warn, pers comm. 2011). This event may have
damaged the mooring rubbers, which were found broken off. The mooring was reconnected to
the anchor using the remaining tackle components and in September 2011 was replaced by
traditional mooring tackle at the owner’s request.

The Seaflex mooring at One Mile failed in January 2011. A plastic grommet had fallen from
the bottom of the buoy shaft causing the mooring rope to rub directly on the metal shaft and
wear through (Plate 10). This is the same grommet that had a screw missing at the servicing
inspection in October 2011. It appears that the grommet was not installed correctly and this
led to the failure of the mooring. Critically, the Seaflex moorings were not supplied with
installation instructions, despite this being normal procedure. After consultation between the
contractor and Seaflex the mooring was reconnected with a correctly secured replacement
part.
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Plate 10. Shaft of Seaflex mooring at One Mile showing rope severed.

Other moorings required minor repairs due to wear and tear, faulty materials, user error and
possible boat strike, illustrating the importance of regular servicing inspections:

The buoy on the Seagrass Friendly Mooring at Point Halloran began to sink in July 2010. It is
likely that the buoy was struck and damaged by a passing vessel as this has occurred in other
locations (Des Maslen pers comm. 2010). This air filled buoy was replaced with a foam filled
buoy.

The mooring line on the Seagrass Friendly mooring at One Mile was observed to occasionally
tangle with the subsurface shock absorber in 2010. This was rectified by installation of a small
buoy on the mooring line.

The mast of the light weight catamaran on the Seagrass Friendly mooring at Dalpura Bay
sometimes displayed a ‘whipping’ motion that apparently did not occur on the traditional
mooring. At the time of this report a modification was to be made to the mooring to solve this
issue.

The EzyRider mooring at Dalpura Bay was supplied with a faulty buoy that had not been fully
filled with foam (Plate 11). The top plate pulled into the faulty buoy during a storm in August
2010. The mooring continued to function but a new buoy was installed in January 2011 to
ensure full function of the mooring.

Plate 11. EzyRider damage to buoy in Dalpura Bay October 2010 inspection.
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Several owners observed that mooring buoys and spars chafed against vessel hulls in certain wind
and current conditions. Damage to vessels from this can be avoided by use of fender-clad buoys
with padded spars, or fender-clad buoys without spars. These items were not supplied with the
EFM used in the trials. This issue is generally something that the local contractors take care of in
their preferred way (Mats Gamby, pers comm. 2011).

Trials participants’ questionnaires and interviews
Half of the trial participants returned their questionnaires about the moorings and project
performance after the first mooring service. Feedback was very positive, with respondents happy
with the reduced environmental impact of the moorings and ease of use.
To date interviews have been completed with six trial participants, two EFM companies and a
moorings contractor.
Key feedback from the interviews included:

support for the project & EFM concept

“I must congratulate you all on the tremendous progress made. Without the involvement
of Dr. Greg, & Prof. Tom from U of Q, it would have lacked the creditability you have
achieved.”

“We have a ‘leave no footprints’ policy that the project supports”

cost is a key factor in EFM uptake

“Cost is vital”

there was insufficient documentation/instruction for owners & installers

“There should have been better instructions”

satisfaction with mooring/company varied with issues experienced

“Des Maslen has been excellent (’10 out of 10’) throughout”

“The mooring never worked properly”

local industry development issues

“The only way forward.”

benefits of standards/accreditation for moorings

“There should be standard requirements for moorings.”

better promotion of EFM

“Not many people know about the project or EFM.”

need for government intervention / facilitation in EFM uptake.

“Government regulation is the only way”
See Appendix 3 for detailed interview feedback.

UQ engineering findings
Wind speeds and wave heights in Moreton Bay can reach 50m/s and exceed 2m, respectively. The
stated anchor capacity for the screw anchor of the Seagrass Friendly Mooring was found to exceed
the expected wind and wave conditions of Moreton Bay, with a good safety factor (Ash et al. 2011).
This EFM anchor design is therefore sufficient to hold private pleasure vessels in Moreton Bay.
See Appendix 1 for the full report.

UQ ecological findings
Preliminary results of the ecological study indicate that the benthic assemblages found within
Moreton Bay are dominated by polychaetes, malacostracans (crustaceans), molluscs and
echinoderms. There were consistent differences in the composition of benthic assemblages
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between some mooring areas and nearby non-mooring areas. This could indicate a more systemic
effect of mooring areas in general (Walker & Skilleter 2011).
There was no detectable effect of installing the trial EFM within existing mooring areas (Skilleter et
al. 2011). At a larger scale there is some evidence that in areas where EFM were installed are in
recovery, as the benthic assemblages became less “patchy”. This may be due to increased
sediment stability (Skilleter et al. 2011).
Each of the four locations had different environmental characteristics and different benthic
communities and are broadly representative of other locations along the coast. Therefore the
ecological monitoring results are likely to be applicable outside of Moreton Bay (G. Skilleter pers
comm. 2011).
See Appendix 2 for the draft final ecological monitoring report. Once the ecological analysis is
completed by UQ, the final report will be provided to SEQ Catchments.

Forum outcomes
Approximately 70 people attended the Forum, which was very successful in bringing together a
wide variety of individuals, sectors and interest groups to discuss project results and debate key
issues for use of EFM.
Feedback from participants following the Forum was very positive, including:

“The EFM forum was a great day, well run with lots of information”

“Thanks again for the opportunity today of becoming better informed, & being able to convey
my thoughts.”

“Congrats once again on putting together a great day. Well organised; well attended; good
content; and some good learning’s for everyone!”
A project background and overview session set the scene for the day. Impacts of traditional
moorings and disjointed approvals processes had led to the need for the project to trial EFM in
Moreton Bay.
The project demonstrated that there was public interest in EFM but also a need for better
promotion to increase public understanding. Novel ideas for communication methods included
using trials moorings owners as EFM ‘ambassadors’ to promote the concept in the boating
community.
Scientists from the University of Queensland demonstrated evidence of recovery of benthic fauna
at a large scale with installation of a relatively small number of EFM, and that the EFM anchor
systems were more than adequate for Moreton Bay conditions. The scientific assessment of EFM
performance was seen as critical by many attendees.
There was strong agreement that cost is a key factor hindering uptake of EFM and that more work
was needed to investigate subsidies and other initiatives to reduce cost.
Detailed discussion of EFM installation and operation issues highlighted the need for clear
instruction manuals, well informed moorings contractors and close working relationships between
all involved.
A need for greater government regulation to facilitate EFM uptake was strongly supported.
Improved coordination across government agencies was acknowledged, but it was also felt that
more was needed. Improved moorings management was seen as critical to increasing use of EFM
and for the benefits of EFM to have greatest effect.
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Development of a local EFM industry was supported, to benefit both industry and EFM owners.
Appendix 4 includes a full report of the Forum, including a list of attendees, agenda, copies of the
presentations and details of discussion and debate on the day.
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Discussion
Trials outcomes & issues – lessons learned
There were a number of key issues and outcomes arising from this project. Significantly, EFM
appear to present a better alternative to traditional mooring designs as they had little effect on
benthic faunal assemblages during installation, and resulted in no discernable disturbance once
installed. Benthic fauna recovered significantly after removal of traditional moorings and
replacement with EFM. Based on these results the installation of a greater number of EFM will help
to alleviate potential impacts from mooring areas on sea floor environments. Project design means
that these results are broadly applicable in subtropical Queensland waters.
There is strong support for EFM in Moreton Bay. Most moorings owners were previously unaware
of the damage their mooring was causing to seagrass and benthic animals. Better communication
of the damage of traditional moorings and the benefits of EFM is required. Once aware of this
disturbance, many mooring owners would like to reduce their impact. However, the relatively
higher cost of EFM is a major impediment to their widespread uptake (see below).
Minor modifications made to moorings for installation and operation demonstrate the flexibility of
EFM designs to suit local conditions and owner concerns, and the value of trialing EFM in local
conditions.
Mooring owner satisfaction with the EFM / company varied with issues experienced. Some issues
may have been avoided through the existence of a local EFM industry, with ready access to local
expertise, experience, parts and accessories.
A key issue arising from this project is that there must be a close relationship between all involved
parties, with a clear understanding of EFM installation and operation based on detailed instruction
manuals and/or training. It is possible that better documentation / training and communication
between manufacturers and installers may have prevented failure of the two EzyRider and one
Seaflex moorings.
The lessons learned from the project have led EFM companies to propose a number of
improvements to the services they offer, including:

Seaflex plan to change their company structure towards an organization with more focus on
sales and direct customer contact and now recognize the need for more clear and structured
installation instructions. Proposals include adding an area based customer support section to
their web site to improve follow up on customer satisfaction, and producing swing mooring
specific inspection instructions. As a result of the failure of the Seaflex mooring at One Mile,
Seaflex has changed the fastening of the grommet to have four screws rather than two only.
They are further looking at a modification where the screws concerned will be mounted in
such a way that they will not need to be removed/refitted during field assembly. Seaflex
believes this will eliminate the possible repeat of this type of failure (Mats Gamby, pers comm.
2011).

Seagrass Friendly Mooring Systems is implementing an ISO9000 quality management
system. They also plan to establish a base to train installers and maintainers. This would
include recognition of the skills involved, perhaps through a certificate course (Des Maslen
pers comm. 2011).
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Uptake of EFM
The EFM trial has raised awareness of the issue of marine habitat disturbance from buoy moorings
and has demonstrated the effectiveness of all three designs for use in Moreton Bay. There are a
number of issues that may slow the uptake of EFM in Moreton Bay and in Queensland in general.
These include:

the higher cost of EFM due to more complex installation (divers; drill rigs) and / or more
expensive components than traditional moorings, especially when only small numbers are
being constructed and installed

the scarcity of local EFM manufacturers / contractors in Queensland

mooring modifications may need to be made due to differing environmental conditions
throughout the state; however the flexibility of existing EFM designs may allow this.
There are many initiatives that could help to resolve issues with uptake of EFM. Ideas raised
during and inspired by the project are discussed below.
Greater confirmation and awareness of the benefits of EFM will help with community
understanding and acceptance. Promotion of the benefits of EFM by methods and outlets
appropriate for the boating community is required. Possible communication methods include

a flyer distributed with vessel registration documents

presentations at boat clubs

articles in boating magazines and yacht club publications

EFM ‘ambassadors’ from the boating community to promote EFM benefits.
Economies of scale will encourage increased demand for EFM. Installation of many EFM in a small
area reduces costs and logistics. It is better to concentrate on implementing EFM in one area
before moving to another location, rather than having few and more expensive EFM spread across
many locations.
Establishment of a local EFM industry would resolve issues and concerns with existing companies
being based outside Queensland. Advantages of a local industry include ready access to expertise
and parts, and rapid response to issues and enquiries. This would also raise the profile of EFM
locally. Although based outside Queensland, Seaflex is already taking steps to allow easier and
more direct contact with moorings owners and Seagrass Friendly Mooring Systems proposes a
training scheme for local contractors.
Both the boating community and EFM providers identified the need for greater government
facilitation of EFM uptake. This has been achieved to some extent in Moreton Bay through
cooperative interagency planning for DMAs and streamlined approval process with lower
application fees for EFM to offset the higher purchase prices of these moorings. Further
interagency planning and cooperation is needed to implement similar measures in locations
outside Moreton Bay. There was also support for direct government action including phasing out
traditional moorings and installing EFM and then leasing these to boat owners. A rebate scheme
would provide an additional cost incentive for EFM uptake.
A system of recognized standards for moorings and accreditation for companies and installers
would also benefit EFM uptake. EFM are designed and built to engineering standards and
accreditation would give owners increased certainty and confidence in EFM performance.
Standards and quality management systems also provide more certainty for insurers and are more
likely to meet government/corporate purchasing requirements. The programmed maintenance
schedules for EFM offer similar advantages over the limited maintenance generally done on
traditional moorings.
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In addition, EFM have standardized performance characteristics compared to traditional moorings,
including reduced scope. Replacement of traditional moorings with EFM would allow moorings
managers to fit more vessels in a given area, a desirable outcome given the strong demand for
new moorings and lack of capacity in places like Moreton Bay. Ideally moorings managers would
work with EFM companies and vessel owners in any such initiative.
Following the EFM Forum, EFM designers have decided to work together to explore mutual
opportunities to progress the industry, including:
 liaise with government departments
 provide better information for maintenance contractors
 provide a preferred scheme for moorings management to government for comment
 reinvigorate the National Moorings Network 4 and include EFM companies on the steering
committee.
Further trials/demonstration of EFM in north Queensland’s tropical conditions (cyclones, sediment
types, tide ranges, etc) will be required to encourage local uptake of EFM.

4

A network of moorings managers from jurisdictions around Australia formed in 2008.
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Conclusions and recommendations
In conclusion:

Traditional block and tackle buoy moorings can have a significant impact on seagrass and
other habitats.

EFM reduce the impact to seagrasses and other benthic organisms around the moorings.

Three EFM designs were trialed in Moreton Bay and were found to be suitable at securing
vessels although insufficient installation manuals / training and communication between
manufacturers and installers contributed to the failure of three moorings.

A close relationship between EFM manufacturers, installers and owners is essential.

Minor modifications were made to EFM designs to suit Moreton Bay’s conditions, highlighting
the need for local EFM industry

Government, the EFM industry and the boating community must work together to facilitate
uptake of EFM.
We recommend that:

there be greater government involvement in facilitating uptake of EFM, which may include:

additional cost incentives (e.g. rebates)

a lease system for EFM, including third party management

an extension of interagency planning

there be greater effort into promotion of EFM and their benefits

EFM are installed in condensed areas, which results in economies of scale and improved
environmental benefits

local EFM industry be developed to encourage uptake and to resolve ‘teething difficulties’

user and installer manuals and / or training be developed/improved for each EFM type

a trial / demonstration of EFM be set up in north Queensland.
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Acronyms
BMA

Buoy Mooring Authority

EFM

Environmentally-friendly mooring

DEEDI

(Queensland) Department of Employment, Economic Development and Innovation

DERM

(Queensland) Department of Environment and Resource Management

MSQ

Maritime Safety Queensland

UQ

University of Queensland
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Environmentally sustainable moorings in Moreton Bay
Engineering study
Final report
Daniel Ash, Elizabeth Keogh, A. Prof Tom Baldock
School of Civil Engineering,
University of Queensland,
St Lucia,
QLD 4072.
May 2011
Summary
This report provides an overview of an engineering study into the effectiveness of environmenta llyfriendly moorings in varying sedimen t and environmental conditions. It forms a small component of
a larger project investig ating the ecological ben efits of such moorings within the SEQ Catch ments
and CoastCare project “Environme ntally-friendly mooring trial and development of a strategic
moorings replacement program – Moreton Ba y, Queensland”. The aim of this study was to
investigate t he ability of the screw anchors to hold boats i n the enviro nmental co nditions of t he
Bay, and was undertaken as part of students' undergraduate honours research, with the additional
aim of providing training opportunities in th is e merging area. The geot echnical co mponent of th e
study focused on the Seagrass Friendly Moori ng helix screw anchors, since that f orm of syst em
appears to be the least tested anchor from the documentation provided by the anchor providers. In
addition, th e Manta Ray anchor i nstallation p rocedure states that an in-situ loa d test must be
performed f or each inst allation. Co nsequently, each ancho r would be load tested, which would
provide a much more accurate assessment of minimu m load capacity than a theor etical estimate.
The Seaflex buoy mooring system is unrelated to the anchor type or ground conditions, and again
presumably load tested during fabrication.
The study comprised a literature review, focused on the behaviour of screw anchors, site visits a nd
investigations, a theoretical analysis of the uplift capacity of screw anch ors, investig ation of win d
and wave c onditions in Moreton Ba y, and estimates of wind and wave l oads for su ch conditions.
The capacit y of screw anchors is f ound to be controlled b y the undrained shear strength of t he
sediment. Theoretical a nalyses provide a basis for estimates of uplift capacity, but are limited by
knowledge of the sediment characteristics; empirical methods appear as effective in estimating the
anchor capacity. Wind speeds and wave heights in the Bay can reach 50m/s and in excess of 2m,
respectively. The stated anchor ca pacity for the screw a nchors con sidered in t his study a re
typically found to be in excess of those induced by the expected wind a nd wave conditions, wit h a
good factor of safety if the specified installation torque is achieved.
1. Background and aim
Boating sta keholders u sing Moreton Bay require assurance that the
proposed e nvironmentally
sustainable moorings provide safe anchoring for the environmental conditions expected in the Bay.
Consequently, the moori ng systems require asse ssment to determine that they have the potential
to meet the marine engineering requirements. The Un iversity of Queensland will undertake a small
study of this aspe ct, a s part of tw o students' undergraduate program. The proje ct will facilit ate
undergraduate training for civil and environme ntal enginee ring student s in the emerging issue of
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innovative engineering design for environmental benefit, to directly ad dress a key manageme nt
issue for the Moreton Bay Biodiversity Hotspot.
The study aims to contribute to the following overall project aims:
1. Conducting trials using currently available “environmentally friendly” mooring devices to
determine their efficacy in securing boats under different environmental conditions while
reducing or removing impacts on marine biodiversity
2. Monitoring the effectiveness of the various environmentally friendly mooring devices over
time to document and provide boat owners with reliable information about the safety and
security of these new mooring types.
3. Establishing, through these trials, which environmentally friendly mooring device/s will be
suitable under the climatic conditions that Moreton Bay experiences.
4. Making recommendations to the SEQ boating community on which design/s of
environmentally friendly mooring is suitable to use in sensitive seagrass areas of Moreton
Bay.
5. Developing education and awareness packages regarding the environmentally friendly
mooring to the greater South East Queensland Community.
The study methodology was as follows:
 Conduct a review of t he publishe d scientific literature on screw anchors and mooring
impacts, with particular regard to pull-out resistance of such anchors.
 Review the open literat ure for information on t he soil, sediment and g eology of th e near
surface Bay sediments
 Perform field trips to observe mooring inst
allation, to obtain se diment samples for
laboratory testing and t o perform in-situ testin g of sediment strength in the intertid al zone
and in deeper water if possible.
 Analyse in-situ testing data, rela te to the
sediment characteristics, and rep ort the
engineering conclusions.
 Summarise wind and wave conditions in Moreton Bay, and expected loads on anchors from
a range of vessel sizes.
 Compare e mpirical me thods to determine the pull-out resistance of screw anchors with
techniques in the literature
 Compare stated loads provided by the an chor manufacturers with the estimated wind and
wave loads.
2. Summary of work activities
1. Two undergraduate students commenced their studies on the project in semester 1 2010.
One student worked on the project for one sem ester, the other student for two semesters,
finishing in November 2010.
2. Literature reviews completed.
3. Both students and one Technical Staff member fro
m the UQ Civil Engineerin
g
Geomechanics Labora tory have performed three field
trips, one in conjunctio n with
personnel from QPIF and DERM to observe mooring installation.
4. Two field trips were performed to ta ke sediment samples and conduct in -situ testing in the
intertidal zone at Point Halloran. In-situ strength testing was performed with a vane shear
apparatus a nd a small single scre w auger with similar de sign to the 3.5m helix screw
anchor being installed by Desmond Maslen from OWMS.
5. Laboratory analysis of sediment samples and field data.
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6. Sourcing data on wind and wave c onditions in Moreton Ba y and comp arison of the likely
wave climate with estimates calculated from observed winds.
7. Apply engin eering calcu lations to estimate loads on moore d vessels for given wind and
wave condit ions and co mparison of these loads with stated pull-out capacities of
screw
anchors

3. Moreton Bay anchorages
Damage to Moreton Ba y’s seagrasses arise s due to man y different human actions and one of
these actions is the moo ring of vessels. A vessel’s move ment due to tid e, wind and waves causes
traditional m oorings to d rift and dra g along the seabed, re sulting in h alos of dam aged seagr ass
(figure 1). T his damage has prompted the trial insta llation of new mooring systems, known as an
environmentally friendly mooring, that have less consequence on the surrounding marine life.
The environmentally friendly moori ng system considered here derives its stren gth from the
capacity of a long steel rod and helix screw anchor that is in serted up to four metres deep into t he
sea bed. The helix and rod acts as the actual anc hor in the system and will cause far less damage
to seagrass than a large concrete block which has a greater surface area and is subject to drift
under sustained loads. The chain, or mooring tackle, on tr aditional mo orings swee ps across t he
ocean floor creating the halos of seagrass d
amage depi cted in Figure 1. To
stop this, the
environmentally friendly moorings u se a tackle sy stem that does not t ouch the seabed. This is
achieved by attaching a large floating buoy to a high strength buoyant marine grade rope, reducing
impacts on the sea bed . To reduce the cyclic nature of lo ads on an chors, a spring is installed
between the anchor connection and the connection to the moored ves sel, and this also replaces
the impact absorbing role of the traditional he avy chain attached to the anchor. Anchor size is
clearly related to vessel size. Larger vessels will have a greater area
exposed to potential loa ds
from wind, waves and currents. This study will also aim to quantify the loads that vessels and t heir
moorings may be subj ected to in Moreton Bay, where storm fronts, and potentially Tropical
Cyclones, can give rise to design wind speeds u p to 52 m/s (AS1170.2, 2002) and waves of up to
2.5 metres.
A large number of anc horages are available in Moreton Bay, exposed to different environme ntal
loads. Traditional mooring rigs that are used i n Moreton Bay can ca use extensive scouring to
seagrass meadows. Mo oring chains need to be long enough to provide anchorage at high water
levels, and as such there is excess chain during a normal tidal cycle. T his excess chain is allow ed
to sink and rest on the seabed and as a vesse l moves with the tide current or wi nd, the chain
swings causing widespread scouring to the seagrass.
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Halos created due
to swinging
nature of moored
vessels.

Figure 1: Seagrass Damage due to Moorings. (Lukatelich, 1987). Photograph courtesy of Lands
(R.J. Lukatelich). Photograph courtesy of Lands and Surveys Department.
and Surveys Department, WA.

The required size or strength of the anchor is dependent on the displacement and size of the
The impact of this damage to seagrass meadows is many times that of the area directly affecte d,
because seagrass meadows produce leaf cover of many ti mes the plan area. This study aims to
contribute to a broader study commissioned to inve stigate the effectiveness of the environmentally
friendly mooring syste ms being trialled in Mor eton Bay. An engineering review of the mooring
system and its components is und ertaken, in additi on to a review of the required load capacity.
Within this analysis, the ancillary components within the mooring tackle are assumed to be
full y
capable of sustaining loads before the screw, or helix, a nchor fails. The study f ocused on t he
Seagrass Friendly Mooring helix scr ew anchors since that form of system appears t o be the least
tested anch or from the documentation provided by the anchor providers. The Mant a Ray anchor
installation procedure states that an in-situ load test must be performed for each installation, which
would provi de a much more accurate assessment of minimum load capacity than a theoretical
estimate. The Seaflex b uoy mooring system is u nrelated to the anchor type or grou nd conditions,
and again would be likely to be load tested during fabrication.
4. Soil conditions in Moreton Bay
A search o f the open literature
has provided little infor mation on the detailed geotechnical
characteristics of the Bay sediments. However, in 2005, site investigations were conducted fo r a
seawall extending 1.8km into the
ocean at the Port of Brisbane. A paper fro m consulta nts
Ameratunga et al. (200 7) explores in details th e soil conditions present at the port. Testing wa s
done to determine parameters such as shear st rength of Moreton Marine mud and this resear ch
can be prob ably reasonably be applied to cond itions at Point Halloran and Macleay Island. Th e
study details the upper layer as a s oft sand, inter-l ayered with soft clays and silts, a property a lso
observed at Point Hallo ran during t he field te sting conduct ed as a par t of this study. The lower
layer is defined as a soft, normally consolidated clay which begins at about 3 metres depth, making
its propertie s highly significant to this report. The geote
chnical data presented describes t he
undrained shear strength of the soil at 5kPa to a depth of 3m and increasing by 1.5kPa per met re
depth subsequently.
Over the re search period, an attempt at van e shear field testing was performed at one of the
installation sites from the observation vessel. At this site, th e water depth was over 2 metres a nd
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the depth t o consolidat ed sediment was a furt her 1.5 metres. The va ne shear a pparatus w as
therefore extended over 3.5 metres and the vessel from which measurements were attempted was
moving significantly wit h the wind and current. This made the task of achieving accurate fie ld
results very difficult without professional geotechnical equip ment and a dedicated moored working
platform. Therefore, to t est the ba sis for the theory describing the pull- out of screw anchors, vane
shear tests and scaled pull-out tests on a model helix anchor were pe rformed in the intertidal zone
at Point Halloran. However, the maximum capacity of the pull-out tests th at could be achieved was
limited for safety reasons and practicality. A st andard vane shear test was also p erformed at th e
same site.
5. Theoretical analysis of screw anchors
The insta llation proce ss of the anchors relate s the in- situ uplift capacity to the maximu m torque
measured during installation and a number of methods are possib le to estimate the uplift capacity.
These methods are quit e empirical given the complexity of t he screw anchor and the geotechnical
uncertainties. Torsional forces during installation ar ise from frictional resistance o f the helix b lade
and shaft. The basis of the method to correlate uplift capacity to installation torque is that both t he
torque and bearing capacity are related to the undrained shear strength of the soil, Su.
Ghaly and Hanna (1991) proposed that the uplift capacity of a single he lix anchor was proportional
to the bearing capacity of soil, which is suppo
rted by Lut enegger (2009), and where the uplift
capacity is given as:
(1)
where Wa represents t he weight of the cylinder of soil abo ve the helix and Ae is the area of the
helix. The assumption is therefore that the helix acts as circular plate pulling through the sediment
in the same manner as for a p ile in compression bearing down. The main sedimentary variable
affecting uplift capacity in Equation 1 is the undrained shear strength (S u) of the s oil. To make a
connection between installation t orque and up lift capa city, it is theref ore necessary be able to
derive the s hear strength of the soil from the installation t orque. The torque can be related to
undrained shear strength through the angle of shearing resistance , , of the soil, and the shear
strength is defined by the Mohr-Coulomb theorem (Craig 2004) as being:
(2)
where c is the cohesion and f is the effective normal stress. The above relationship indicates that
shear stren gth increases as fa ilure angle in creases and t herefore it can be ded uced that u plift
capacity increases as the installation torque increases.
This study will attempt to predict uplift capa cities using f our different methods to determine the
undrained shear strength, further detailed in Ash (2010). The first method will derive shear strength
from the installation torq ue and use values obser ved during the act ual installation s. The second
method, termed Vane Shear method for this report, uses basic principles of vane shear testin g to
determine shear strengt h and is ad apted from Craig (2004), and applies the te chnique separately
to the helix and shaft to determine shear strength.
Method three is an empirical method developed by Ghaly and Hanna (1991). Here, uplift is almost
linearly related to the installation torque, T, and is given by:
(3)
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where  is the bulk unit weight of the soil column (H) above the helix and the p is the pitch.
The fourth method makes use of measured shear strengths from the site investigations in the intertidal zone. In-situ shea r strengths were dete rmined by on site testing using a vane she
ar
apparatus, from which the shear strength is derived following Craig (2004):

where d is the diameter of the vane and h is the height.

(4)

Results from the four different methods will be compared as appropriate in section 7.
6. Wind and wave conditions in Moreton Bay
Moreton Ba y’s geographical lo cation means that it is pot entially exposed to extreme weath er
conditions. These in clude East Co ast Low pre ssure syste ms, souther n storm fron ts and Trop ical
Cyclones. To assist in the identification of wind events, the Bureau of Meteorology has provided an
extensive set of wind records. The se records have been t aken from a station on Peel Island. The
station is appropriate as it re cords heavy wind events coming over the B ay just befor e they reach
the calmer i nlets where boats are moored. Th e aim here is not to p roduce a design chart for
extreme winds, but to apply standard wave forecasting formulations to determine if measured
winds and waves are consistent with each other over a two year period. The wave forecasting
methods can then be applied with greater confidence for more extreme return period events.
The primary sources of waves in the bay are north easterly swells and local wind generated waves.
The Depart ment of Environment a nd Resources Manage ment maintains a serie s of wave rider
buoys along the coast o f Queensland. One buoy was installed inside M oreton Bay from January
2008 until June 2010, w hen it was d amaged. The buoys ar e equipped with an accelerometer that
is able to m easure wave height a nd direction, with onboar d recording and transmission back to
shore.
DERM has provided the complete wave data set from the bu oy in Moreton Bay. This data set will
help to establish the various wave heights that occur. However, it must b e noted that the waves at
the buoy location in the north of the bay are not entirely rep resentative of the waves occurr ing in
the protecte d waters of mooring areas. With th e absence of a substa ntial wave data set for t he
mooring areas, it may b e more indicative to use theoretical wind-wave prediction models in the se
areas. Stan dard techniques are d ocumented in the Un ited States Marine Corp’s Shore line
Protection Manual and Coastal Engineering Manual ( SPM or CEM). The manual provides
analytical models for wind generated wave heig ht and period in shallow water. These can be used
to determine the wave heights an d period, based on wind speed, water depth and fetch, with
appropriate engineering accuracy for this study.
Wind and Wave loads on Moored Vessels
Both wind and waves will generat e loads on moored ves sels. The p ressure forces from each
condition will act to cr eate a total net force
over the area of the v essel and t his force will
consequently create forces in the mooring tackle and anchor. Wave f orces on a semi-submerged
object can b e estimated from the differential wave induced p ressure forces across t he body using
Dean and Dalrymple (1991). The force due to wind action is described in many texts, including the
Australian Standards for wind loading, and is applied for a representative cross-section exposed to
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the wind an d a chosen empirical drag coefficient C D that depends on Reynolds number and body
shape.
The wind and wave load ing formulae were applied to various vessel size s. A range of vessel sizes
were chosen from McAlpine Marine Design Pty Ltd Naval Architects E asy Rider mooring desig n
assessment, as illustrated below and with the dim ensions given in the following table. The vertical
component of the calculated forces is used for comparison with the stated helix anchor capacities.

Vessel Characteristics
Vessel Dimensions

8m Yacht

8m
Power 10m Yacht
Boat
8
10
5.4
5.4

Length (m)
8
Frontal Windage Area 3.4
(m2)
Displacement (tonnes)
2
2.5
Profile Windage Area 12.5
14.5
2
(m )
Table 1: Vessel characteristics chosen for analysis

10m Power Boat

8m Power Boat

6
17.9

10m
Boat
10
7.8

Power

9
26.2

10m Yacht

8m Yacht

Figure 2. Selected vessel profiles for loading calculations (McApline Marine Designs Pty Ltd)
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7. Results
Anchor Specifications
The following three tables show the specificat ions of the anchors used to compare predicted and
measured anchor capacities in this study. These include the three anchor properties that are used
for installation by On Water Marine Services in the Moreton Bay region, the anchor properties that
were used in the Ghaly and Hanna (1991) empirica l study, and the anchor specif ications used in
the field testing at Point Halloran.
Shaft
Size
Type

Installation Depth

Helix diameter

Shaft Size
14mm
14mm
14mm
14mm
14mm
14mm
14mm
14mm

Installation torque

Sand/shale mud

OWMS 80mm
1500mm
2000mm 250-300mm
1
OWMS 80mm
3000mm
3500mm 250-320mm
2
OWMS 114mm
3000mm
4000mm 250-320mm
3
On Water Marine Services Anchor Specification

G&H 1
G&H 2
G&H 3
G&H 4
G&H 5
G&H 6
G&H 7
G&H 8

Pitch

Installation
Depth
100mm
200mm
300mm
400mm
500mm
600mm
700mm
800mm

Helix
diameter
50mm
50mm
50mm
50mm
50mm
50mm
50mm
50mm

100mm 2500 Nm
111mm 3000 Nm
113mm 6000 Nm

Pitch
15mm
15mm
15mm
15mm
15mm
15mm
15mm
15mm

Installation
torque
0.19 Nm
0.64 Nm
1.35 Nm
2.3 Nm
3.52 Nm
5 Nm
6.72 Nm
8.71 Nm

Ghaly & Hanna (1991) Anchor specifications
Shaft Size

Installation
Helix
Pitch
Depth
diameter
UQ 1
16mm
1000mm
140mm
100mm
UQ 2
16mm
1500mm
140mm
100mm
Small-scale field measurement anchor specifications

Installation
torque
10.9 Nm
18.05 Nm

Predicted versus measured capacities – Torque method
The results below show the predicted and actual or rated pull-out capacitie
s f or a variety of
different anchors in various insta
llation cond itions using the torque method.
Note that t he
installation torque and a ctual pull-out capacities for the OW MS anchors were pro vided by OWMS
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on the basis of previous large-scale pull-out tests from a diff erent marine environment. These give
pull-out loads of 115,000N and 150000N for achieved installation torques of 4500Nm and 6000Nm,
respectively. It can be observed that predicted pull-out ca pacities are generally less than th e
corresponding achieved values. The values are shown on t wo separate graphs due to sca ling, as
the OWMS results are for much larger anchors.

Figure 3. Torque method pull-out results – On Water Marine Services helix anchor

Figure 4. Torque method pull-out results – Ghaly & Hanna (1991) and University of
Queensland field results
Empirical Method
The results below are the modelled capacitie s using the e mpirical model developed by Ghal y &
Hanna (1991). The results for uplif t capacity using the e mpirical method show a much closer
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prediction to achieved or rated results than the other theoretical models for the OW MS and Ghal y
& Hanna anchors. However, the empirical model is lea st accurate when predicting uplift for the UQ
anchors. It is observed that in almo st every ca se the theoretical predictions are less than the
achieved or rated uplift values, except for the torque method applied to the UQ tests.

Figure 5. Empirical method – On Water Marine Services helix anchor

Figure 6. Empirical method – Ghaly & Hanna (1991) and University of Queensland field
measurements
Weather Conditions in Moreton Bay
The ma ximum wind speed recorded at Peel Isl and over th e record duration was 21.67 m/s. The
Wave Rider buoy in Moreton bay re corded a maximu m wa ve height of 2.5 metres in the 2 ye ar
period that it was installed. The observed ma ximum significant wave height was 1.27 metre s,
which is in good agreement with the predicted wind-wave model results for the maximum wind over
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the same p eriod (figure 7). Ho wever, it must be noted th at ma ximum winds during a Tropical
Cyclone event can exceed 150Km/h r and that th e wind loading design st andard for Brisbane is of
order 50m/s. Wave heights are therefore also estimated up to this maximum.

Figure 7. Estimated significant wave height for different wind speeds in Moreton Bay. Fetch
is 15km. Some wave heights may be limited by breaking.

Wind and wave loading on vessels
The charts below show the calcula ted anchor pullout load s on vessels for a rang e of wind a nd
wave heights and a pea k wave period T p=3.1s, which is typical of the m ean wave period observed
at the More ton Bay wave rider bu oy. Estimat ed wave forces are sig nificantly lar ger than wind
forces, assuming the vessel is exposed equally to the wind and the wind-generated waves.

Figure 8. Estimated wave induced anchor load for varying wave height
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Figure 9. Estimated anchor load for varying wind speed
The wind loading is expected to generate a ma ximum vertical load of about 14500 N (or 150 0kg
equivalent) on the anchor with a 10m power boat in 160km/hr wind. A conservative drag coefficient
of 2 has b een assumed here. A 3m high wave acting on a 10m power boat is estimated
to
generate a vertical anchor load of about 25000 N or 2550 kg equivalent. These results show that
the 2500kg safe working load prediction spe cified by the a nchor installer is likely t o be adequ ate
except in the most seve re conditions. This com pares well to the traditional mooring system where
2000kg anchor blocks are used. The calculations are also consistent with the anchor specifications
for the Seaflex system (2000-3000 kg equivale nt) for 8m-10m vessels and Manta Ray anchors
(2000-5000 kg equivalent) in silts and silty-sand.
8. Conclusions








Limited information on soil condit ions in Moreton bay is available in th e open liter ature.
This increases the assu mptions in the present modelling and limits the form of
models
available to predict uplift capacity.
To perform a more detailed analysis of the insta lled systems, it would be necessary for
several high-quality in-situ soil samples to be taken at vario us depths o f up to 4 metres
below the seabed so that a more appropriate model for shear strength could be adopted.
This project has not an alysed the various co mponents wit hin the mooring system. It is
assumed that the anch or shaft, ro pe, buoys and spring d ampener have a far greater
capacity th an the anchor up-lift capacity but for full cer tification of the syste m, the
strengths of these components should of course be verified.
As a result of uncertainties over sediment conditions, it may be appropriate to perform full
scale load t ests. The pr esent infor mation from OWMS (Maslen, D., pers. Comm.) show
that an 11.5 tonne and 15 tonne pu ll-out capa city can be a chieved when the anch or is
installed with a torque of 4500N.m and 6000N.m respectively. It must be noted that these
values were achieved in different site and soil conditions to those in Moreton Bay.
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This study has shown that the installation torque alone does not allow accurate prediction
of uplift cap acity using theoretical modelling. It i s clear that uplift capaci ty increases with
increasing torque but the exact correlation has not derived theoretically.
For anchors correctly in stalled with a torque of 6000N.m, the results su ggest that such
screw anchors are capable of holding the recommended 2400kg load with a good factor
of safety and that wind and wave loading on t
ypical vessels is unlike ly to exceed the
anchor capacity except in the most severe conditions.
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Appendix 2 UQ draft final ecological monitoring report
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1.0:

Introduction

1.1:

Conservation of habitats within Moreton Bay

Moreton Bay is an area of high ecological importance. The productive habitats in the Bay
support the area’s commercial, recreational and indigenous fisheries (Skilleter and Loneragan,
2007, in addition to iconic species such as sea turtles, dugongs (Lanyon, 2003) and wader birds
(Geering et al., 2007; Bamford et al, 2008). The importance of Moreton Bay is demonstrated by the
high level of protection over the area. There are eleven Fish Habitat Areas (FHAs) declared to
protect valuable fish habitats from development, and the waters and habitats are protected within
the Moreton Bay Marine Park. Key areas of Moreton Bay are protected as a wetland of international
significance for shorebirds within the RAMSAR Convention (RAMSAR, 1971), to protect critical
habitats for migratory shorebirds. The extensive seagrass meadows and sandflats support important
fisheries, through their role as foraging grounds and/or nursery sites. The increased physical
structure provided by seagrass provides protection for juvenile fish and decapod crustaceans and
dead seagrass leaves decompose providing detritus and associated microbial communities, an
important component of estuarine food webs. Seagrass also help to stabilise sediments, providing a
relatively benign environment for juvenile organisms to hide and feed.
Seagrass meadows are vulnerable to disturbance from poor water quality and physical damage
associated with dredging, coastal development, uncontrolled bait digging and boat moorings.
Activities that damage seagrasses may also affect associated fish and prawn populations, turtles and
dugong, either directly, through loss of the habitat or indirectly through impacts on their food
sources which live in the seagrass. It is, however, not only vegetated habitats such as seagrass that
are important in maintaining biodiversity and fisheries in estuaries and coastal embayments.
Unvegetated areas are also important nursery habitats and also function as breeding and spawning
grounds for many estuarine fish, including commercially and recreationally important species
(Miller and Skilleter, 2006). These unvegetated, soft-sedimentary environments are often the
habitats that are most frequently impacted by dredging, erosion, disruption of sand transport and
beach nourishment (e.g. Brown and McLachlan, 2002).
Recent aerial photographs of boat-mooring areas in Moreton Bay (and other estuarine systems
around Australia) show images similar to that of crop circles where existing moorings in seagrass
areas are located. These aerial photos show damage to seagrass meadows with likely impacts on
the associated marine biodiversity. Mooring chains of 'traditional' moorings drag on the sea floor
during low tides resulting in significant scouring of sediments and disturbance to seagrass and other
marine plants. The amount of disturbance depends on the length of the mooring chain but can be up
to 0.1 hectare per vessel. When this area is multiplied by the large number of moorings currently
present in the Bay, plus the predictions for future needs, this represents a significant area of
seagrass being damaged and disturbed within the Marine Park. It is important to note that
South East Queensland (SEQ) is experiencing one of the most challenging population growth
periods the history of Australia. Population data show that 1000 new people take up residence in
SEQ every week. As a result there is increasing boat ownership in SEQ and an increasing number
of boats using Moreton Bay. Demand for secure moorings for boat users in Moreton Bay has also
risen as a result of increased boating activity. There are approximately 900 authorised moorings in
Moreton Bay with a large demand for new moorings - the wait time is currently 1 – 2 years.
Concerns about the damage that traditional mooring designs cause to benthic communities in
nearshore habitats has risen within the coastal and marine community in SEQ and there is now
considerable support for action to reverse this damaging trend and to develop appropriate and
Environmental Impacts of “Environmentally-Friendly” Boat-Moorings in Moreton Bay, Queensland

49

suitable alternative mooring types that cause less damage to marine habitats and biota while still
providing appropriate security for boat-owners. There are, however, concerns in the boating
community about the effectiveness of the new “environmentally-friendly” designs in relation to
their capacity to safely secure vessels, as they have not been used in Queensland to date. It has also
been noted that the effectiveness of the “environmentally-friendly” designs in ameliorating damage
to the benthic systems needs to be demonstrated in order to provide persuasive evidence to the
boating community of the real environmental credentials of these designs in the local environment.
In this component of the project, the following objectives were completed:
1. The potential environmental impacts associated with three different types of
“environmentally-friendly” moorings were assessed over a period of six and nine
months after their installation, at four widely spaced locations around Moreton Bay.
These locations were selected in order to allow the moorings to be tested under a
broad range of environmental conditions (e.g. wind exposure, sediment type) and in
different benthic communities.
2. The effects of existing boat-mooring areas in Moreton Bay were also assessed to
provide background information to boat-owners and management agencies on the
nature of impacts arising from moorings boats within sensitive nearshore habitats
within the Marine Park.

1.2:

Assessing the Environmental Impacts of Boat-Moorings

In order to make sensible managerial decisions about the potential value of the introduction
and installation of ‘environmentally-friendly’ boat moorings, the impact of these moorings on
benthic assemblages in the shallow coastal waters of Moreton Bay needs to be assessed. Several
components of scientific information are required. First, it must be known what organisms (plants
and animals) occur in the areas of interest, and in what numbers. Second, it must be recognised that
populations of plants and animals in estuarine habitats are naturally variable in time and from place
to place. This often makes assessment of human-induced change (i.e. are the ‘environmentallyfriendly’ moorings effective) difficult because it must be assessed against this variable background.
Third, there must be an understanding of the potential responses by different assemblages to a
variety of different developments and human activities that may cause environmental impacts.
Without this information, there can be no logical predictions about the consequences of any planned
activities. Finally, there must be reliable measurements of abundances available so that the
effectiveness of any managerial decisions can be assessed in terms of the structure of the
assemblages of plants and animals which are of interest. Such measures do not involve simple
"monitoring" which is often unfocussed and "never-ending", but require clear identification of
specific questions, and a cost-effective and powerful sampling programme to address them. Another
important component of designing the appropriate studies is that any damage (if it exists) within the
areas where the moorings are installed is not incorrectly attributed to the moorings. That is, the
moorings are not blamed for damage already present or ongoing but associated with other activities.
This is particularly important in relation to the installation of the moorings because they are being
placed in shallow water already exposed to ongoing effects from existing moorings, the boats
attached to those moorings and any land-based activities associated with the mooring area (e.g.
fuelling facilities, boat ramps, jetties and other introduced hard substrata).
Over the last 20 years, there have been significant developments in the appropriate sampling
designs needed for environmental assessment, in particular the appropriate comparative and
experimental methods for testing scientific hypotheses about causes of environmental damage. It is
very important to identify and quantify the effects (if any) of the new moorings, over and above
these other environmental effects. Only then can such effects be understood and managed to
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control their contributions to environmental degradation (Underwood, 1989). This requires detailed
analysis of locations where the moorings have been installed and may be potentially degraded by
the moorings relative to control or reference locations in the same general habitat - i.e. where other
problems are also occurring. There are two important consequences of this.
First, the sampling and analyses are inevitably complex (Green, 1993; Underwood, 1992,
1993). Techniques of experimental design can, however, be used. Second, such an investigation is
a specific experimental analysis of particular potential problems. We are not and should not be
attempting to determine the overall status, or "health"' of Moreton Bay. An assessment of overall
ecosystem 'health' would not allow any simple determination of causality and responsibility from
among the multitude of other activities which occur within the shallow waters of the Bay.
Numerous activities on the surrounding land are contributing to the state of the shallow water
habitats. Any and all of these may lead to a degradation of ecosystem "health" when compared
with a pristine environment. Any sampling programme must therefore examine the spatial and
temporal patterns of abundance of plants and animals in habitats around the areas where moorings
are installed and compare these with patterns found in similar habitats in 'control' or 'reference'
areas. These data would then provide a basis for determining whether any differences in the
densities or species richness of the plants and animals, or the fluctuations in the densities or species
richness of plants and animals in the areas with the new moorings are greater or smaller than those
in the reference areas. Such differences between mooring areas and reference areas are then
attributable to effects from the moorings themselves.
There is, however, an added complication when considering specific impacts associated with
the installed ‘environmentally-friendly moorings and that is they are being installed within existing
boat-mooring areas which have particular environmental conditions associated with them. Ideally,
the appropriate reference areas would be existing boat mooring areas where the new moorings are
not being trialed, but all other conditions are similar to the areas with ‘environmentally-friendly’
moorings. Such conditions would include attributes such as water depth, similar subtidal habitat
(e.g. seagrass, rocky reef) and similar adjacent intertidal facilities and activities plus existing “oldstyle” mooring areas. This proved to be impractical, if not impossible. Existing boat-mooring areas
have already been installed in suitable nearshore environs, but are rarely multiple examples of boat
mooring areas close to each other. In fact, it was not possible to find suitable boat-mooring areas
relatively close to each in any of the four locations selected for trials of the ‘environmentallyfriendly’ moorings. The next best design was to sample in the areas where the new moorings were
to be installed, but as far distant from those moorings as possible. That is, we sampled within the
confines of the four boat-mooring areas (Tangalooma, One Mile, Dalpura Bay and Point Halloran),
but more than 50 metres from the point where the new moorings were to be placed. This distance
of 50 metres was selected on the basis that it was several times greater than the maximal size of any
haloes created by disturbance from any existing individual boat moorings around Moreton Bay.
Given the intention of the ‘environmentally-friendly’ boat moorings is to reduce or remove the
scouring of the substratum caused by anchor chains and ropes that link the boat on the surface to the
anchor block on the seafloor, this assumption was considered valid and appropriate.

1.3:

Rationale for Sampling Design

It is generally the case that the numbers of organisms in populations vary at a number of
different spatial scales for many different reasons. Similarly, numbers of plants and animals also
vary from time-to-time. It is important to identify the levels of variability at different scales (spatial
and temporal) in order to design a sampling programme best suited to answering the question being
asked (Andrew and Mapstone, 1987). As described above, to determine whether the new
environmentally-friendly boat moorings cause an environmental impact in the shallow nearshore
waters of Moreton Bay requires us to determine whether there are differences in the abundance and
species richness of animals in the targeted boat mooring areas (Tangalooma, One Mile, Dalpura
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Bay and Point Halloran) compared with similar habitats from several 'reference' sites where such
moorings are not installed, but are otherwise subjected to the same suite of other activities. The
reference or control sites must be separated from the potentially impacted boat-mooring area by
enough distance that they will not be subjected to the disturbance being assessed. Ideally, such a
sampling programme would be designed and implemented so as to incorporate a 'Before' and 'After'
component, but it is often the case that activities have already begun precluding obtaining data from
the 'Before' period. In this study, we were fortunate that Fisheries Queensland, in conjunction and
cooperation with the appropriate groups in the Department of Transport and EPA, was able to
control the installation of the moorings sufficiently that we were able to obtain samples from one
time period prior to installation. The original intention had been to collect samples on two occasions
prior to installation, but this proved not to be possible and only a single pre-installation time was
completed.
Multiple reference sites are necessary because any two randomly-chosen sites will almost
certainly differ in the abundances of organisms present, through natural variations from place to
place. The populations of animals and plants in any of the two sites will also show different timecourses relative to each other. If a single reference site were sampled and compared with a single
mooring area where the ‘environmentally-friendly’ moorings were installed, the two sites may have
naturally or intrinsically different abundances of organisms regardless of whether or not the new
moorings have caused an effect. Any differences would then be interpreted, mistakenly, as an
environmental impact associated with the new boat moorings. Hence, several properly replicated
reference sites within each of the four locations were the new moorings were being trialed are
essential for the identification of environmental impacts. The four locations where the moorings
were to be installed were widely distributed around Moreton Bay and, almost certainly, could not be
considered replicates of each other. The appropriate comparisons are therefore based around
asymmetrical comparisons (one location with new moorings versus two reference locations)
(Underwood, 1991, 1992, 1993).
Similarly, in comparative studies such as this one, it is a basic requirement that sampling is
done at several replicated spatial scales to ensure that small-scale variation within a site does not
confound large-scale comparisons (Underwood, 1981). If only a single plot in each site were
sampled, any difference detected between the sites might simply be due to the fact that patches of
habitat at the scale of plots within a site differ. Differences among plots may then be erroneously
interpreted as differences among treatments (moorings versus reference sites). As the spatial
variability inherent in the abundance of the organisms measured is often unknown prior to
sampling, it is necessary to sample at a range of spatial scales to partition the variability associated
with each spatial scale and hence overcome the problem of confounding.

2.0:

Materials and Methods

2.1:

Study Sites

The trials were done in four different nearshore boat-mooring areas in Moreton Bay (Figure
1). These four locations were specifically selected because they represented regions within the Bay
exposed to a range of different environmental conditions (e.g. wind and wave exposure; adjacent
terrestrial activities; benthic substratum type), allowing the suitability of the trial moorings to be
tested under varying physical conditions. The different environmental conditions, especially
differences in sediment type in each of the four locations, also made it likely that different
biological communities would exist in each area (e.g. Rhoads, 1974; Butman, 1987; Gray, 1987;
Snelgrove and Butman, 1994). The four locations selected were:
•

Tangalooma Resort (Moreton Island, eastern Moreton Bay)
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•
•
•

2.2:

One Mile (North Stradbroke Island, eastern Moreton Bay)
Point Halloran (western Moreton Bay)
Dalpura Bay (western Moreton Bay)

Sampling Methods

Three different mooring types were trialed: the Seaflex Mooring System, Seagrass Friendly
Moorings and the EzyRider Mooring System. The experimental design was structured in order to
determine if the installation of these moorings caused a significant impact on the benthic
assemblages in and around the area where the units were placed. Comparisons among the three
different types of moorings would allow us to determine which, if any, of the moorings types
caused the least amount of damage to the environment.
The sampling design specifically called for samples to be collected from the area immediately
around the moorings. These samples, referred to as 'treatment cores', were collected from random
positions within 5 metres of the edge of each mooring block or screw. This distance of 5 metres
was selected as it fell within the range of areal coverage of existing haloes (rings of disturbed
substrata) caused by scouring of anchor chains and lines from the mooring block to the vessel on
the surface.
Cores were also collected within the specific mooring area being used in the trial (i.e. either
Dalpura Bay, Point Halloran, One Mile and Tangalooma). These samples represent ‘internal
controls’ – samples collected from the same localised environmental conditions as the treatment
cores but not immediately adjacent to any mooring blocks. Replicate samples were collected from
each of three plots randomly positioned within the mooring area but at least 50 metres from a
mooring and 100-150 metres from each other. If there are no detectable impacts from the moorings
themselves, these samples provide information on the general impacts associated with the presence
of the boats within the designated mooring area.
At two sites, each approximately 500 metres away from each mooring area, replicate cores
were collected from each of three plots positioned approximately 150 m from each other. These
reference sites, called ‘external reference sites’ were selected on the basis of having similar depth
and bottom topography as found in the mooring area. Impacts from the new mooring types and
from the general impacts associated with the boats in the mooring area can be examined by
comparison of the respective samples with those from the ‘external reference sites’.
Samples were initially fixed with a 10% solution of formalin containing the vital stain Bengal
Red. Each sample was gently agitated to ensure the formalin and stain penetrated through the entire
sample. After 72 hours, the formalin was decanted from the sample for re-use and the sample
preserved in 70% ethanol. All organisms retained on a 500 µm sieve were sorted from the sample
for counting and identification. Random samples were cross-checked by another team member to
ensure all organisms had been removed from the sediment.

2.3:

Core Hypotheses

There were three core hypotheses to be tested as part of this study. The first two were related
to the installation of the trial moorings and whether they caused significant impacts on the
surrounding benthic communities. The third hypothesis dealt more generally with the nature and
scale of any impacts associated with the existing boat-mooring areas. These hypotheses were:
1. Installation and operation of the trial moorings would cause a significant impact on the
benthic communities in close proximity to those mooring over a period of
approximately 6-9 months. Close proximity was defined as being a distance of
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approximately 5 metres around the mooring. This distance was selected on the basis of
the size of disturbance haloes in the sediments and/or seagrass beds caused by
traditional moorings already installed in the boat-mooring area. This hypothesis
therefore deals specifically with whether the trial “environmentally-friendly”
moorings cause an impact at the same spatial scale as existing, traditional moorings.
To assess whether there were small-scale impacts from the trial moorings, samples
from the immediate vicinity of each of the trial moorings were compared with samples
collected within each of the boat-mooring areas but at last 50 metres from the nearest
mooring. These latter samples represent internal control samples – they were collected
from the same boat-mooring area and therefore are exposed to all the same suite of
environmental variables as the samples around the trial moorings, but do not have that
added potential effect of the environmentally-friendly moorings.
This hypothesis represent the core question relating to the overall goals of the project.
Assessment of any small-scale impacts from the trial moorings will provide
management with the necessary information to determine if the trial moorings are,
indeed, environmentally friendly.
2. Installation and operation of the trial moorings would cause a significant impact on the
benthic communities in nearby, external reference sites over a period of approximately
6-9 months. The external reference sites were selected so that they were as similar as
possible to the physical environment as each of the respective boat-mooring areas.
Criteria included similar sediment type, coverage of subtidal vegetation (primarily
seagrass but also some macroalgae such as Caulerpa taxifolia), adjacent intertidal
habitats (seagrass, unvegetated muds and mangroves) and relatively exposure (wind
fetch).
3. Existing boat-mooring areas are associated with changes in the benthic community
composition such that the benthic communities found in these mooring areas are now
significantly different from those found in external reference sites. This hypothesis
could only be tested by comparing existing mooring sites with these external reference
sites after the installation and operation of the boat-mooring areas. Any differences
that were detected may be caused by the operation and function of the boat-mooring
area and any associated land-based facilities (e.g. boat ramps, fuelling depots, fish
cleaning areas), but they could be caused by some other set of variables of which we
are unaware. A weight of evidence approach was taken here. We tested this
hypothesis at a number of different boat-mooring areas with the aim of determining if
there were similar differences between the boat-mooring areas and reference sites at a
number of different regions around Moreton Bay. If there are consistent changes in
the benthic communities associated with the presence of boat-mooring areas across the
range of conditions in Moreton Bay, then it is more likely that these have been caused
by the moorings.
This hypothesis was tested in two separate but related components of the project. The
first component involved an assessment of the putative impacts associated with the
boat-mooring areas where the trial moorings were installed (i.e. Tangalooma, One
Mile, Point Halloran and Dalpura Bay). The results associated with this component are
presented along with the other results for Hypothesis 1 and 2 – all the results from the
sampling around the trial moorings are therefore presented together.
The second component was assessed at One Mile, but also at several other batmooring areas around Moreton Bay. The sampling design was similar although there
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were some differences in sampling intensity at the different spatial scales and these
samples were collected approximately 3-6 months prior to the installation of the trial
moorings. The results for this component are presented separately from those
associated with the trial moorings.

2.4:

Data Analysis

Data were analysed using a combination of multivariate analyses including:
(i) non-metric multidimensional scaling ordination (nMDS) for graphical presentation of the
variation in benthic community composition among treatment groups of interest;
(ii) permutational multivariate analysis of variance (PERMANOVA) or analysis of similarities
(ANOSIM) to assess the significance of any differences between or among pre-defined treatment
categories; and
(iii) Similarity Percentage-Taxon Contribution (SIMPER) analyses to determine which taxonomic
groups contributed most to the separation in multivariate space of the pre-defined treatment groups.
Similarity matrices were constructed based on the Bray-Curtis distance measure. Data were
untransformed and unstandardised in all analyses. For some analyses, for clarification and ease of
displaying the results in the ordination plots, the overall nMDS ordination has been broken into subcomponents, with each sub-component only displaying a sub-set of the variables or groups under
analysis. In all cases though, the formal analyses have been done on the complete dataset and
therefore all calculations of differences among measures of similarity used to plot the ordinations
have been based on all samples.

3.0:

Results and Discussion

3.1:

Selection of Study Locations

As expected, the four locations around Moreton Bay that were used for the trials of the
moorings supported very different benthic communities (Table 1; Figure 2) prior to the beginning
of the installation of the moorings. Only the external reference sites were compared in this analysis
to avoid confounding that may have been associated with any existing effects associated with the
boat-mooring areas already in place at each location. Not surprisingly, the two locations in the
eastern bay were more similar to each other than to either of the locations in the western bay and
vice versa for the locations in the western bay (Table 1 pairwise comparisons). In fact, there was
only a marginally significant difference between the composition of the benthic assemblages at
Dalpura Bay and Point Halloran, two locations dominated by fine silts and very turbid waters in
western Moreton Bay (the smallest of the R statistics in pairwise comparisons, Table 1). In the
ordination (Figure 2), this is seen as the significant overlap in the samples from Dalpura Bay and
Point Halloran, in contrast to the greater separation of the samples from One Mile and Tangalooma.
Similarity Percentage-Taxon Contribution analyses (SIMPER) were used to determine which
taxa contributed most to the separation of the benthic communities in the different trial sites. Again,
the data for the external reference locations were used for these analyses, to avoid potential
confounding associated with any pre-existing impacts associated with the boat-mooring areas.
In eastern Moreton Bay, the differing abundance of amphipods (peracarid crustaceans)
between Tangalooma and One Mile accounted for over 38% of the difference in the community
composition at the two sites (Table 2A). The abundance of polychaete worms contributed
approximately another 13% to the distinction between the two sites with the remaining taxa each
only contributing to less than 10% of the separation of the benthic communities. In contrast, in
western Moreton Bay, polychaetes accounted for the greatest contribution to separation of the two
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communities (at ~25%), but amphipods also contributed a similar amount to this separation
(at~21%) (Table 2B). Again, in western Moreton Bay, the other taxa each contributed less than
10% to the separation of the benthic communities.
For completeness, the pair-wise comparisons between the other specific combinations of sites
(i.e. Tangalooma vs Dalpura Bay – Table 2C; Tangalooma vs Point Halloran – Table 2E; One Mile
vs Dalpura Bay – Table 2D; One Mile vs Point Halloran – Table 2F) are also shown. Given the
broad differences in the physical characteristics such as sediments (Williams 1958; Branford 1981;
Rulifson 1981; Somers 1987) and salinity (Dall 1958; Gunter et al. 1964) between eastern and
western Moreton Bay, there is less value to making specific contrasts between sites on either side of
the Bay. These differences between east and west essentially mean that the sites on either side of
Moreton Bay exist in fundamentally different environmental conditions, again, the very reason why
the sites were selected for the study.
The selection of the four sites was therefore successful in relation to the goal of providing
tests of the trial moorings in a range of benthic communities. Each of the sites where the trial
moorings were installed and assessed can therefore be considered as an independent assessment of
the potential effects of the moorings on benthic communities, providing much greater generality in
the conclusions that can be draw from this study. This is an important outcome of this study, given
the broad interest in the potential use of the “environmentally-friendly” moorings, elsewhere in
Queensland and, indeed, other parts of Australia where they have not already been introduced.

3.2:

Existing Influences of Boat Mooring Areas

The samples representing the internal control sites in each of the four locations comprised the
area within the surrounding mooring system but away from the nearest boat/mooring by at least 30
metres. These samples therefore reflected the general environmental conditions within the boat
mooring area, including the combined impacts associated with the boat anchor, pollution caused by
the boats themselves (e.g. leaking fuel, sewage, bilge waste) and impacts from the shore-based
access points, plus any other environmental and/or ecological conditions imposed on the benthic
communities. Constraints in the way the experimental design could be implemented meant that any
direct effects of the “environmentally-friendly” moorings on the benthic communities has to be
contrasted against these internal control sites because of the lack of ideal external reference sites
(i.e. nearby external reference sites would have similar environmental conditions and existing boatmoorings, but no trial moorings would be installed). Any effects from the trial moorings though,
needs also to be contrasted against the magnitude of any pre-existing effects of the broader boatmooring area. If the trial moorings have an impact but it is very small compared with the magnitude
of the broader effects associated with boat-moorings areas in general (e.g Glasby, 1999; Glasby and
Underwood, 1998), then management action may be better directed towards “cleaning up” these
other impacts, prior to implementing changes to the type of moorings being used.
3.2.1:

Tangalooma

Prior to the installation of the moorings, there were existing differences between the internal
control site and each of the external reference sites (Table 3; Figure 3) at Tangalooma. In
particular, the internal control site was very different from one of the external reference sites
(Reference Site 1; Table 3; Figure 3). However, it was also apparent that the two reference sites
were as different from each other as they were from the internal reference site, despite having been
selected on the basis of having very similar sediment type, depth, topography and coverage of
vegetation (seagrass and macroalgae).
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3.2.2:

One Mile

The pattern of differences between the internal control site at One Mile and the external
reference sites mirrored that observed at Tangalooma, with the benthic community at the internal
control site being significantly different from that found at either of the external reference sites
(Table 4; Figure 4). Again, though the benthic communities at the two external reference sites were
also significantly different from each other (Table 4). The main disparity between the results for the
two eastern Bay sites is that the magnitude of the differences between the three sites (internal
control and two external reference sites) were relatively similar for all pair-wise comparisons at
One Mile in contrast to the much larger difference for one of the comparisons at Tangalooma
(compare the relative size of the R-statistics in Table 3 versus Table 4).
3.2.3.

Dalpura Bay

In contrast to either of the locations on the eastern side of Moreton Bay, in Dalpura Bay the
benthic communities in the two external reference sites were similar to each other, but each was
significantly different from the internal control site (Table 5). In the ordination, this is seen as a
clustering together of the samples from the two external reference sites, but an overall separation
from the samples in the internal control site (Figure 5).
3.2.4.

Point Halloran

At Point Halloran, all three sites (internal control and two reference sites) were significantly
different from each other (Table 6), with very little overlap of samples for each group evident in the
ordination (Figure 6). One of the pair-wise comparisons – Internal Control vs Reference Site 1 –
indicated that these two sites had a relatively greater difference in benthic community composition
compared with the other pair-wise comparisons (Table 6).
Overall, the results of the analysis of the composition of the benthic communities in each of
the four locations where the moorings were installed indicate that there is considerable small-scale
(500-1000 metres) variability, with the two external reference sites often being as different from
each other as they were from the internal control site. This has two primary implications. First,
statistical analyses to detect any differences in the composition of the benthic assemblage through
time caused by the installation and operation of the new moorings will need to be relatively
powerful. Second, any impacts caused by the moorings will need to be relatively large to cause a
change in the benthic community composition over and above the range of natural variation that
occurs in the system.

3.3:

Small-scale Impacts from the Trial Moorings

3.3.1:

Tangalooma

3.3.1.1:

Before Installation to 6 Months After Installation

There was no significant difference in the benthic community composition in samples
collected from around where the trial moorings were to be installed and the internal control samples
prior to installation (T1: Table 7B). This was to be expected – prior to installation of the trial
moorings, both sets of samples essentially came from patches of similar substratum, in the absence
of a mooring. The trial moorings were close to, but not in precisely the same position, the
traditional moorings that were being replaced. Six months after installation of the trial moorings
there was still no significant difference between the two sets of samples, nor was there a significant
interaction between Time and Treatment (Table 7A). This interaction is the critical test of whether
there is an environmental impact from the trial moorings. There was a significant shift in the
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benthic composition within the boat-mooring area (Table 7A; Time (T1 vs T2), but the nature of
this change was similar for both sets of samples (i.e. the samples around the trial moorings and
those for the internal controls).
The most noticeable change in the benthic composition at Tangalooma, between Time 1 and
Time 2 was in relation to the amount of variability among the samples within and between the two
treatments. This is evident as the tighter clustering of samples at Time 2 compared with Time 1 in
the ordination (Figure 7), but also the increase in similarity between the two times (Table 7B). This
indicates that overall there, after the installation of the trial moorings, there is an overall decline in
the variability across the extent of the Boat-Mooring Area.
This decline in overall variability across the boat-mooring area after installation of the trial
and the concurrent removal of three traditional moorings may not be related to the change in
moorings though. To assess the possibility that the change in moorings does lead to an overall
decline in variability, the temporal change (from T1 to T2) in the external reference sites was also
examined.
Over this time period (Time 1 to Time 2), there was a significant change in the composition of
the benthic communities in each of the External Reference Sites, but the communities changed in
different ways in each site (Table 8, interaction between Time and Treatment). In External
Reference Site 1, there was a slight increase in the variability among the samples from Time 1 to
Time 2 (Table 8B; Figure 8A), the opposite pattern to what was observed in the Boat-Mooring
Area. In contrast, there was a very strong decrease in variability among the samples within External
Reference Site 2 over this same time period (Figure 8B).
3.3.1.2:

Before Installation to 9 Months After Installation

The pattern of change at Tangalooma after 9 months of installation of the trial moorings
mirrored that observed after 6 months (Section 3.1.1.1. above). There was still no significant
difference between the benthic community composition in sediments immediately around the trial
moorings and in the sediment further afield within the Boat-Mooring area (Table 9A, nonsignificant Treatment or Time x Treatment effects; Figure 9). There was still a clear temporal
change in the benthic community composition from Time 1 (Before) to Time 3 (After), but the
nature of this change was similar in both the trial-mooring samples and the internal control samples.
Again, as seen for the change from Time 1 to Time 2, there was a noticeable decrease in the
variability among the samples from Time to Time 3, with the similarity among samples within each
treatment group (Moorings vs Internal Controls) and between the two treatment groups increasing
substantially (Table 9B; Figure 9). Although the actual values of the similarity measures in Table
7B and Table 9B cannot be directly compared (the similarity values are calculated using the specific
dataset being analyses and the two sets of analyses – Time 1 vs Time 2 and Time 1 vs Time 3 –
were done separately), the relative change in the similarity values for each analysis does reflect the
extent to which there has been a temporal change coincident with the installation of the trial
moorings. This relative change suggests that the shift towards the samples within the Boat-Mooring
area becoming less variable (or more similar to each other) after the moorings were installed had
continued from Time 2 to Time 3.
To determine the likelihood that these temporal shifts were unique to the Boat-Mooring area,
the comparative analyses were then done for the External Reference Sites over the time period of
Time 1 (Before) and Time 3 (After). There was a significant interaction between Time and
Treatment (Table 10A), indicating that the temporal change (from Time 1 to Time 3) differed in the
two External Reference Sites. This interaction is explained by the nature of the changes in benthic
community composition within and between the two sites. Over this time period, the samples within
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External Reference Site 1 showed a small increase in variability (Table 10B; Figure 10A), whereas
the samples within External Reference Site 2 showed a mark decrease in variability (Table 10B;
Figure 10B). Furthermore, there was a substantial decrease in the variability of the samples between
the two treatments (Table 10B).
Overall, the results for the analysis of the small-scale impacts associated with the trial
moorings installed at Tangalooma indicate clearly that the trial moorings did not cause a significant
change in the composition of the benthic communities, over a 6 and 9 month time period. The
suggestion that the installation of the trial moorings (and the decommissioning of three traditional
moorings) within the boat-mooring area at Tangalooma may have led to a more uniform
distribution of the benthic communities is not well supported as a similar change was observed in
one of the External References Sites. At the second External Reference Site, there was a shift in the
variability within and between treatments compared with the other reference site, in the opposite
direction (i.e. an increase in variability), but this shift was relatively small.
3.3.2:

Dalpura Bay

3.3.2.1:

Before Installation to 6 Months After Installation

At Dalpura Bay, 6 months after the installation of the trial moorings, there was a significant
interaction between the temporal change (Before to After) and the two treatments (Moorings versus
Internal Controls (Table 11A; Figure 11)), but this was entirely due to their being less similarity
between the samples from the two treatments before installation (Similarity = 49.65, P = 0.06) than
after 6 months (Similarity = 66.37, P = 0.84). This means that although the interaction term was
significant and this term is our marker for a significant interaction, in this case, the interaction
between time and treatment is not indicative of an environmental effect of the trial moorings. The
multivariate, permutational analyses that are being used are sensitive to all changes in the benthic
community composition, but not all forms of the interaction are of concern.
There was an overall increase in the similarity among and between the samples within the
Boat-mooring area (Table 11B), so again the data from the two External Reference Sites were
analysed to determine if a similar pattern of change occurred elsewhere. It is important to note
though, that the relative change in similarity through time at Dalpura Bay was much less than
observed at Tangalooma (above). In Dalpura Bay, the composition of the benthic communities
varied significantly between the two External Reference Sites (Table 12A), although this difference
was more pronounced 6 months after the moorings at been installed (in the boat-mooring area),
hence the significant interaction (Table 12A). Prior to installation (Time 1), there was no significant
difference between the two reference sites, but through time the composition of the communities
diverged from each other (Figure 12A vs Figure 12B). There was a minor decrease in similarity at
one external reference site, but a substantial decrease at the second external reference site,
suggesting the pattern of increased similarity in the boat-mooring area occurred there, but not at
nearby reference sites.
3.3.2.2:

Before Installation to 9 Months After Installation

Nine months after installation of the trial moorings there was no significant difference in the
composition of the benthic communities between the moorings and the internal controls (Table
13A). The interaction between time and treatment observed at 6 months, was no longer evident,
indicating that the relative difference in similarity between the moorings and the internal controls
was approximately equal before and after installation (Figure 14).
In all cases, there was a substantial increase in the similarity within and between samples in
the two treatments, suggesting that across the boat-mooring area the composition of the benthic
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communities had become more uniform. Analysis of the patterns of change in the two External
Reference Sites over the same time period (Time 1 to Time 3), indicates that this change in
similarity in the Boat-Mooring area was not evident in the external reference sites (Table 14B).

3.4: Overall Conclusions
Important Note: This draft report provides detailed analysis and interpretation of subset of
the data collected for the ecological studies in this project. Due to circumstances that could not be
predicted or controlled, the Chief Investigator (A/Professor Skilleter) suffered a prolonged illness
and was on sick leave for a substantial period of time during the ecological studies. While he
maintained control over the project and ensured all the samples were collected and processed, this
illness has significantly delayed his capacity to complete formal analysis, interpretation and
presentation of the entire dataset. This additional work is being completed at present and a
complete Final Report will be provided and can be included as an Appendix to this current report.
There is no indication that the trial moorings at Tangalooma (eastern Moreton Bay) and
Dalpura Bay (western Moreton Bay) cause an environmental impact to the benthic communities at
6 or 9 months after installation. Preliminary analysis and examination of the data from the other two
locations (One Mile and Point Halloran) suggest that this pattern is also repeated there. That is,
there is no evidence of an impact from the trial moorings at either of those locations.
There is some evidence that suggests the installation of the trial moorings )and the removal of
three traditional moorings) from each of the boat-moorings areas is associated with an overall
decrease in the patchiness of the benthic communities. If this change is related to the installation of
the moorings, it may occur as a result of increased stability of the sediments across the boatmooring area, once heavy anchor chains are removed. A period of 6-9 months in adequate time to
allow regeneration of seagrass via rhizomes in the sediment and also the re-establishment of benthic
microalgal and microbial mats, both of which are important in stabilising sediments. An overall
increase in the stability of the sediments may then be associated with a more uniform distribution of
benthic communities across the boat-mooring area. This possibility will be explored more when the
remainder of the analyses are completed.
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Table 1: Results of one-factor ANOSIM, comparing the composition of the benthic infaunal
community in each of the four locations where trial moorings were installed (n = 18 samples per
location: 2 sites x 3 plots x 3 replicate cores), followed by pairwise comparisons of the locations to
determine which was different from each of the others. Within a set of pairwise comparisons, the
magnitude of the R-statistic reflects the magnitude of the difference between the pair of locations
being compared.
Overall	
  ANOSIM	
  
	
  
Location	
  1	
  
	
  
Tangalooma	
  
Tangalooma	
  
Tangalooma	
  
One	
  Mile	
  
One	
  Mile	
  
Dalpura	
  Bay	
  

Global	
  R	
  =	
  
	
  
Location	
  2	
  
	
  
One	
  Mile	
  
Dalpura	
  Bay	
  
Point	
  Halloran	
  
Dalpura	
  Bay	
  
Point	
  Halloran	
  
Point	
  Halloran	
  

0.432	
  
	
  
R	
  Statistic	
  
	
  
0.34	
  
0.52	
  
0.65	
  
0.50	
  
0.55	
  
0.08	
  	
  

P	
  <	
  0.001	
  
	
  
Significance	
  (P-‐value)	
  
	
  
P	
  <	
  0.001	
  
P	
  <	
  0.001	
  	
  
P	
  <	
  0.001	
  
P	
  <	
  0.001	
  
P	
  <	
  0.001	
  
P	
  <	
  0.049	
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Table 2: Results of Similarity Percentage – Species Contribution analyses (SIMPER) to determine
which taxa contribute most to the separation in multivariate space of the benthic communities in
contrasted pairs of the four locations used to trial the moorings. Data are for the external reference
locations, taken before the installation of the trial moorings. Contributions are based on Bray-Curtis
similarities. All pairwise comparisons are shown.
(A) Tangalooma versus One Mile (eastern Moreton Bay locations)
Tangalooma
Mean
Abundance

Taxon

One Mile
Mean
Abundance

Average
Dissim.

Dissim./SD

Contribut.
%

Cumulative
%

Amphipods

26.67

6.37

24.81

1.68

38.31

38.31

Polychaetes

8.72

9.89

8.59

1.26

13.27

51.57

Gastropods

3.67

1.84

4.29

0.95

6.63

58.20

Tanaid

0.22

4.00

4.29

0.78

6.62

64.82

Bivalves

2.44

2.84

3.62

1.08

5.59

70.41

Nematode

3.00

0.00

3.48

0.66

5.38

75.79

Ostracod

1.78

2.53

3.17

1.08

4.90

80.69

Cnidaria

2.06

0.11

2.43

1.09

3.75

84.43

Oligochaete

1.22

1.11

1.93

0.74

2.98

87.41

Decapods

0.50

1.16

1.66

0.52

2.57

89.98

Echinoidea

1.22

0.00

1.19

0.78

1.84

91.83

(B) Dalpura Bay versus Point Halloran (western Moreton Bay locations)
Dalpura
Bay
Mean
Abundance

Taxon

Point
Halloran
Mean
Abundance

Average
Dissim.

Dissim./SD

Contribut.
%

Cumulative
%

Polychaetes

40.44

49.00

11.65

1.19

25.32

25.32

Amphipods

26.28

15.50

9.74

1.30

21.17

46.49

Ostracod

8.72

6.67

4.00

1.20

8.70

55.19

Tanaid

6.39

4.28

3.73

0.63

8.09

63.29

Bivalves

4.72

7.83

2.98

1.24

6.47

69.76

Sipuncula

6.39

0.00

2.31

0.44

5.02

74.78

Cumaceans

3.33

4.56

2.21

0.96

4.80

79.58

Copepod

1.56

4.94

2.20

0.91

4.79

84.37

Isopods

4.39

2.00

1.77

0.71

3.85

88.22

Decapods

1.06

3.33

1.49

0.90

3.24

91.46
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(C) Tangalooma versus Dalpura Bay (eastern vs western Moreton Bay locations)
Tangalooma
Taxon

Mean
Abundance

Dalpura
Bay
Mean
Abundance

Average
Dissim.

Dissim./SD

Contribut.
%

Cumulative
%

Polychaetes

8.72

40.44

20.62

2.04

32.83

32.83

Amphipods

26.67

26.28

13.57

1.43

21.60

54.44

Ostracod

1.78

8.72

4.61

1.22

7.34

61.78

Tanaid

0.22

6.39

3.32

0.83

5.28

67.06

Sipuncula

0.22

6.39

2.84

0.47

4.52

71.58

Bivalves

2.44

4.72

2.48

1.18

3.95

75.52

Isopods

0.78

4.39

2.32

0.75

3.69

79.22

Gastropods

3.67

0.56

2.21

0.75

3.53

82.74

Nematodes

3.00

0.06

1.95

0.60

3.11

85.86

Cumaceans

0.61

3.33

1.91

0.87

3.04

88.90

Cnidarians

2.06

0.00

1.37

1.03

2.18

91.07

(D) One Mile versus Dalpura Bay (eastern vs western Moreton Bay locations)
One Mile
Taxon

Mean
Abundance

Dalpura
Bay
Mean
Abundance

Average
Dissim.

Dissim./SD

Contribut.
%

Cumulative
%

Polychaetes

9.89

40.44

22.64

2.15

34.41

34.41

Amphipods

6.37

26.28

14.72

1.51

22.38

56.79

Ostracod

2.53

8.72

5.05

1.23

7.68

64.47

Tanaid

4.00

6.39

4.56

0.98

6.94

71.40

Sipuncula

0.05

6.39

3.10

0.47

4.71

76.12

Bivalves

2.84

4.72

2.98

1.20

4.54

80.65

Isopods

0.42

4.39

2.72

0.81

4.14

84.79

Cumaceans

0.16

3.33

2.32

0.91

3.53

88.32

Gastropods

1.84

0.56

1.53

0.92

2.32

90.63
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(E) Tangalooma versus Point Halloran (eastern vs western Moreton Bay locations)
Tangalooma
Taxon

Mean
Abundance

Dalpura
Bay
Mean
Abundance

Average
Dissim.

Dissim./SD

Contribut.
%

Cumulative
%

Polychaetes

8.72

49.00

27.28

1.88

39.34

39.34

Amphipods

26.67

15.50

14.03

1.22

20.23

59.57

Bivalves

2.44

7.83

3.80

1.26

5.48

65.05

Ostracods

1.78

6.67

3.49

1.01

5.04

70.08

Copepods

0.39

4.94

2.62

0.87

3.78

73.87

Cumaceans

0.61

4.56

2.37

0.86

3.42

77.29

Tanaid

0.22

4.28

2.31

0.33

3.34

80.63

Gastropods

3.67

1.33

2.30

0.76

3.31

83.94

Nematodes

3.00

0.72

2.13

0.65

3.08

87.02

Decapods

0.50

3.33

1.91

0.86

2.76

89.78

Oligochaetes

1.22

2.44

1.50

1.14

2.16

91.94

(F) One Mile versus Point Halloran (eastern vs western Moreton Bay locations)
Tangalooma
Taxon

Mean
Abundance

Dalpura
Bay
Mean
Abundance

Average
Dissim.

Dissim./SD

Contribut.
%

Cumulative
%

Polychaetes

9.89

49.00

30.39

1.98

44.22

44.22

Amphipods

6.37

15.50

9.16

1.18

13.33

57.56

Tanaids

4.00

4.28

4.57

0.58

6.66

64.21

Bivalves

2.84

7.83

4.44

1.31

6.46

70.67

Ostracods

2.53

6.67

4.20

1.11

6.11

76.78

Copepods

0.63

4.94

3.08

0.92

4.48

81.26

Cumaceans

0.16

4.56

2.77

0.90

4.03

85.28

Decapods

1.16

3.33

2.49

0.86

3.63

88.91

Oligochaetes

1.11

2.44

1.83

0.90

2.67

91.58
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Table 3: Results of one-factor ANOSIM, comparing the composition of the benthic infaunal
community in the two reference sites and the internal control site at Tangalooma (n = 9 samples per
site: 3 plots x 3 replicate cores), followed by pairwise comparisons of the sites to determine which
was different from each of the others. Within a set of pairwise comparisons, the magnitude of the Rstatistic reflects the magnitude of the difference between the pair of sites being compared.
Overall	
  ANOSIM	
  
	
  
Site	
  Type	
  1	
  
	
  
Internal	
  Control	
  
Internal	
  Control	
  
Reference	
  1	
  

Global	
  R	
  =	
  
	
  
Site	
  Type	
  2	
  
	
  
Reference	
  1	
  
Reference	
  2	
  
Reference	
  2	
  

0.391	
  
	
  
R	
  Statistic	
  
	
  
0.704	
  
0.222	
  
0.252	
  

P	
  <	
  0.001	
  
	
  
Significance	
  (P-‐value)	
  
	
  
P	
  <	
  0.001	
  
P	
  <	
  0.009	
  
P	
  <	
  0.003	
  

Table 4: Results of one-factor ANOSIM, comparing the composition of the benthic infaunal
community in the two reference sites and the internal control site at One Mile (n = 9 samples per
site: 3 plots x 3 replicate cores), followed by pairwise comparisons of the sites to determine which
was different from each of the others. Within a set of pairwise comparisons, the magnitude of the Rstatistic reflects the magnitude of the difference between the pair of sites being compared.
Overall	
  ANOSIM	
  
	
  
Site	
  Type	
  1	
  
	
  
Internal	
  Control	
  
Internal	
  Control	
  
Reference	
  1	
  

Global	
  R	
  =	
  
	
  
Site	
  Type	
  2	
  
	
  
Reference	
  1	
  
Reference	
  2	
  
Reference	
  2	
  

0.309	
  
	
  
R	
  Statistic	
  
	
  
0.282	
  
0.323	
  
0.333	
  

P	
  <	
  0.001	
  
	
  
Significance	
  (P-‐value)	
  
	
  
P	
  <	
  0.006	
  
P	
  <	
  0.004	
  
P	
  <	
  0.001	
  

Table 5: Results of one-factor ANOSIM, comparing the composition of the benthic infaunal
community in the two reference sites and the internal control site at Dalpura Bay (n = 9 samples per
site: 3 plots x 3 replicate cores), followed by pairwise comparisons of the sites to determine which
was different from each of the others. Within a set of pairwise comparisons, the magnitude of the Rstatistic reflects the magnitude of the difference between the pair of sites being compared.
Overall	
  ANOSIM	
  
	
  
Site	
  Type	
  1	
  
	
  
Internal	
  Control	
  
Internal	
  Control	
  
Reference	
  1	
  

Global	
  R	
  =	
  
	
  
Site	
  Type	
  2	
  
	
  
Reference	
  1	
  
Reference	
  2	
  
Reference	
  2	
  

0.220	
  
	
  
R	
  Statistic	
  
	
  
0.395	
  
0.244	
  
0.013	
  

P	
  <	
  0.005	
  
	
  
Significance	
  (P-‐value)	
  
	
  
P	
  <	
  0.002	
  
P	
  <	
  0.020	
  
P	
  >	
  0.385	
  ns	
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Table 6: Results of one-factor ANOSIM, comparing the composition of the benthic infaunal
community in the two reference sites and the internal control site at Point Halloran (n = 9 samples
per site: 3 plots x 3 replicate cores), followed by pairwise comparisons of the sites to determine
which was different from each of the others. Within a set of pairwise comparisons, the magnitude of
the R-statistic reflects the magnitude of the difference between the pair of sites being compared.
Overall	
  ANOSIM	
  
	
  
Site	
  Type	
  1	
  
	
  
Internal	
  Control	
  
Internal	
  Control	
  
Reference	
  1	
  

Global	
  R	
  =	
  
	
  
Site	
  Type	
  2	
  
	
  
Reference	
  1	
  
Reference	
  2	
  
Reference	
  2	
  

0.376	
  
	
  
R	
  Statistic	
  
	
  
0.553	
  
0.279	
  
0.312	
  

P	
  <	
  0.001	
  
	
  
Significance	
  (P-‐value)	
  
	
  
P	
  <	
  0.002	
  
P	
  <	
  0.005	
  
P	
  <	
  0.002	
  

Table 7: (A) Results of two-factor PERMANOVA, comparing the composition of the benthic
infaunal community in the sediments around the three trial moorings and the sediments in the
internal control site at Tangalooma (n = 9 samples per site: 3 plots x 3 replicate cores) Before
installation of the moorings (T1) and 6 months After installation (T2).
(B) Pair-wise comparisons decomposing the interaction between Time (T1 vs T2) and Treatment
(Trial Moorings vs Internal Control) and showing the magnitude of the similarity (Bray-Curtis
similarity measure) between and within the two sets of samples: the greater the value, the more
similar the samples are to each other.
Source	
  Variation	
  
	
  
Time	
  (T1	
  vs	
  T2)	
  
Treatment	
  
Ti	
  x	
  Tr	
  
Residual	
  
Total	
  
	
  
Pairwise	
  Contrasts	
  
Time	
  1	
  
Moorings	
  
Internal	
  Control	
  
Time	
  2	
  
Moorings	
  
Internal	
  Control	
  

df	
  
	
  
1	
  
1	
  
1	
  
32	
  
35	
  
	
  

Sums	
  of	
  Squares	
  
	
  
28163.00	
  
728.67	
  
1592.80	
  
35092.00	
  
65576.00	
  
	
  
Similarity	
  
Moorings	
  
48.95	
  
45.10	
  
Moorings	
  
67.23	
  
66.10	
  

Mean	
  Squares	
  
	
  
28163.00	
  
728.67	
  
1592.80	
  
1096.60	
  
	
  
	
  

Pseudo-‐F	
  
	
  
25.68	
  
0.66	
  
1.45	
  
	
  
	
  
	
  

Probability	
  
	
  
0.001	
  
0.768	
  
0.169	
  
	
  
	
  
	
  

	
  
Internal	
  Control	
  
	
  
42.18	
  
Internal	
  Control	
  
	
  
63.45	
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Table 8: (A) Results of two-factor PERMANOVA, comparing the composition of the benthic
infaunal community in the sediments in each of the two external reference sites at Tangalooma (n =
9 samples per site: 3 plots x 3 replicate cores) Before installation of the moorings (T1) and 6
months After installation (T2).
(B) Pair-wise comparisons decomposing the interaction between Time (T1 vs T2) and Treatment
(External Reference Site 1 and 2) and showing the magnitude of the similarity (Bray-Curtis
similarity measure) between and within the two sets of samples: the greater the value, the more
similar the samples are to each other.
Source	
  Variation	
  
	
  
Time	
  (T1	
  vs	
  T2)	
  
Treatment	
  
Ti	
  x	
  Tr	
  
Residual	
  
Total	
  
	
  
Pairwise	
  Contrasts	
  
Time	
  1	
  
Ext.	
  Reference	
  1	
  
Ext.	
  Reference	
  2	
  
Time	
  2	
  
Ext.	
  Reference	
  1	
  
Ext.	
  Reference	
  2	
  

df	
  
	
  
1	
  
1	
  
1	
  
32	
  
35	
  
	
  

Sums	
  of	
  Squares	
  
	
  
10942.00	
  
4218.90	
  
5172.90	
  
35386.00	
  
55721.00	
  
	
  
Similarity	
  
Ext.	
  Reference	
  1	
  
58.00	
  
43.29	
  
Ext.	
  Reference	
  1	
  
52.91	
  
50.60	
  

Mean	
  Squares	
  
	
  
10942.00	
  
4218.90	
  
5172.90	
  
1105.80	
  
	
  
	
  

Pseudo-‐F	
  
	
  
9.90	
  
3.82	
  
4.68	
  
	
  
	
  
	
  

Probability	
  
	
  
0.001	
  
0.001	
  
0.001	
  
	
  
	
  
	
  

	
  
Ext.	
  Reference	
  2	
  
	
  
43.80	
  
Ext.	
  Reference	
  2	
  
	
  
68.64	
  

Environmental	
  Impacts	
  of	
  “Environmentally-‐Friendly”	
  Boat-‐Moorings	
  in	
  Moreton	
  Bay,	
  Queensland	
   69

Table 9: (A) Results of two-factor PERMANOVA, comparing the composition of the benthic
infaunal community in the sediments around the three trial moorings and the sediments in the
internal control site at Tangalooma (n = 9 samples per site: 3 plots x 3 replicate cores) Before
installation of the moorings (T1) and 9 months After installation (T3).
(B) Pair-wise comparisons decomposing the interaction between Time (T1 vs T3) and Treatment
(Trial Moorings vs Internal Control) and showing the magnitude of the similarity (Bray-Curtis
similarity measure) between and within the two sets of samples: the greater the value, the more
similar the samples are to each other.
Source	
  Variation	
  
	
  
Time	
  (T1	
  vs	
  T3)	
  
Treatment	
  
Ti	
  x	
  Tr	
  
Residual	
  
Total	
  
	
  
Pairwise	
  Contrasts	
  
Time	
  1	
  
Moorings	
  
Internal	
  Control	
  
Time	
  2	
  
Moorings	
  
Internal	
  Control	
  

df	
  
	
  
1	
  
1	
  
1	
  
32	
  
35	
  
	
  

Sums	
  of	
  Squares	
  
	
  
39369.00	
  
1578.40	
  
1184.90	
  
	
  
	
  
	
  
Similarity	
  
Moorings	
  
48.95	
  
45.10	
  
Moorings	
  
66.55	
  
68.35	
  

Mean	
  Squares	
  
	
  
39369.00	
  
1578.40	
  
1184.90	
  
	
  
	
  
	
  

Pseudo-‐F	
  
	
  
38.096	
  
1.527	
  
1.147	
  
	
  
	
  
	
  

Probability	
  
	
  
0.001	
  
0.122	
  
1.147	
  
	
  
	
  
	
  

	
  
Internal	
  Control	
  
	
  
43.18	
  
Internal	
  Control	
  
	
  
72.21	
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Table 10: (A) Results of two-factor PERMANOVA, comparing the composition of the benthic
infaunal community in the sediments in each of the two external reference sites at Tangalooma (n =
9 samples per site: 3 plots x 3 replicate cores) Before installation of the moorings (T1) and 9
months After installation (T3).
(B) Pair-wise comparisons decomposing the interaction between Time (T1 vs T3) and Treatment
(External Reference Site 1 and 2) and showing the magnitude of the similarity (Bray-Curtis
similarity measure) between and within the two sets of samples: the greater the value, the more
similar the samples are to each other.
Source	
  Variation	
  
	
  
Time	
  (T1	
  vs	
  T2)	
  
Treatment	
  
Ti	
  x	
  Tr	
  
Residual	
  
Total	
  
	
  
Pairwise	
  Contrasts	
  
Time	
  1	
  
Ext.	
  Reference	
  1	
  
Ext.	
  Reference	
  2	
  
Time	
  2	
  
Ext.	
  Reference	
  1	
  
Ext.	
  Reference	
  2	
  

df	
  
	
  
1	
  
1	
  
1	
  
32	
  
35	
  
	
  

Sums	
  of	
  Squares	
  
	
  
10942.00	
  
4218.90	
  
5172.90	
  
35386.00	
  
55721.00	
  
	
  
Similarity	
  
Ext.	
  Reference	
  1	
  
58.00	
  
43.29	
  
Ext.	
  Reference	
  1	
  
52.91	
  
50.60	
  

Mean	
  Squares	
  
	
  
10942.00	
  
4218.90	
  
5172.90	
  
	
  
	
  
	
  

Pseudo-‐F	
  
	
  
9.895	
  
3.815	
  
4.678	
  
	
  
	
  
	
  

Probability	
  
	
  
0.001	
  
0.001	
  
0.001	
  
	
  
	
  
	
  

	
  
Ext.	
  Reference	
  2	
  
	
  
43.80	
  
Ext.	
  Reference	
  2	
  
	
  
68.64	
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Table 11: (A) Results of two-factor PERMANOVA, comparing the composition of the benthic
infaunal community in the sediments around the three trial moorings and the sediments in the
internal control site at Dalpura Bay (n = 9 samples per site: 3 plots x 3 replicate cores) Before
installation of the moorings (T1) and 6 months After installation (T2).
(B) Pair-wise comparisons decomposing the interaction between Time (T1 vs T2) and Treatment
(Trial Moorings vs Internal Control) and showing the magnitude of the similarity (Bray-Curtis
similarity measure) between and within the two sets of samples: the greater the value, the more
similar the samples are to each other.
Source	
  Variation	
  
	
  
Time	
  (T1	
  vs	
  T2)	
  
Treatment	
  
Ti	
  x	
  Tr	
  
Residual	
  
Total	
  
	
  
Pairwise	
  Contrasts	
  
Time	
  1	
  
Moorings	
  
Internal	
  Control	
  
Time	
  2	
  
Moorings	
  
Internal	
  Control	
  

df	
  
	
  
1	
  
1	
  
1	
  
32	
  
35	
  
	
  

Sums	
  of	
  Squares	
  
	
  
4698.90	
  
1392.20	
  
4341.40	
  
43536.00	
  
53969.00	
  
	
  
Similarity	
  
Moorings	
  
49.65	
  
43.52	
  
Moorings	
  
43.67	
  
52.77	
  

Mean	
  Squares	
  
	
  
4698.90	
  
1392.20	
  
4341.40	
  
43536.00	
  
	
  
	
  

Pseudo-‐F	
  
	
  
3.454	
  
1.023	
  
3.191	
  
	
  
	
  
	
  

Probability	
  
	
  
0.006	
  
0.380	
  
0.025	
  
	
  
	
  
	
  

	
  
Internal	
  Control	
  
	
  
50.46	
  
Internal	
  Control	
  
	
  
61.70	
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Table 12: (A) Results of two-factor PERMANOVA, comparing the composition of the benthic
infaunal community in the sediments in each of the two external reference sites at Dalpura Bay (n =
9 samples per site: 3 plots x 3 replicate cores) Before installation of the moorings (T1) and 6
months After installation (T2).
(B) Pair-wise comparisons decomposing the interaction between Time (T1 vs T2) and Treatment
(External Reference Site 1 and 2) and showing the magnitude of the similarity (Bray-Curtis
similarity measure) between and within the two sets of samples: the greater the value, the more
similar the samples are to each other.
Source	
  Variation	
  
	
  
Time	
  (T1	
  vs	
  T2)	
  
Treatment	
  
Ti	
  x	
  Tr	
  
Residual	
  
Total	
  
	
  
Pairwise	
  Contrasts	
  
Time	
  1	
  
Ext.	
  Reference	
  1	
  
Ext.	
  Reference	
  2	
  
Time	
  2	
  
Ext.	
  Reference	
  1	
  
Ext.	
  Reference	
  2	
  

df	
  
	
  
1	
  
1	
  
1	
  
32	
  
35	
  
	
  

Sums	
  of	
  Squares	
  
	
  
4718.80	
  
6504.80	
  
3164.20	
  
32243.00	
  
46631.00	
  
	
  
Similarity	
  
Ext.	
  Reference	
  1	
  
56.53	
  
56.40	
  
Ext.	
  Reference	
  1	
  
55.74	
  
42.19	
  

Mean	
  Squares	
  
	
  
4718.80	
  
6504.80	
  
3164.20	
  
1007.60	
  
	
  
	
  

Pseudo-‐F	
  
	
  
4.683	
  
6.456	
  
3.140	
  
	
  
	
  
	
  

Probability	
  
	
  
0.003	
  
0.001	
  
0.010	
  
	
  
	
  
	
  

	
  
Ext.	
  Reference	
  2	
  
	
  
58.14	
  
Ext.	
  Reference	
  2	
  
	
  
58.60	
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Table 13: (A) Results of two-factor PERMANOVA, comparing the composition of the benthic
infaunal community in the sediments around the three trial moorings and the sediments in the
internal control site at Dalpura Bay (n = 9 samples per site: 3 plots x 3 replicate cores) Before
installation of the moorings (T1) and 9 months After installation (T3).
(B) Pair-wise comparisons decomposing the interaction between Time (T1 vs T3) and Treatment
(Trial Moorings vs Internal Control) and showing the magnitude of the similarity (Bray-Curtis
similarity measure) between and within the two sets of samples: the greater the value, the more
similar the samples are to each other.
Source	
  Variation	
  
	
  
Time	
  (T1	
  vs	
  T3)	
  
Treatment	
  
Ti	
  x	
  Tr	
  
Residual	
  
Total	
  
	
  
Pairwise	
  Contrasts	
  
Time	
  1	
  
Moorings	
  
Internal	
  Control	
  
Time	
  2	
  
Moorings	
  
Internal	
  Control	
  

df	
  
	
  
1	
  
1	
  
1	
  
32	
  
35	
  
	
  

Sums	
  of	
  Squares	
  
	
  
5106.90	
  
2513.60	
  
1934.60	
  
33432.00	
  
42987.00	
  
	
  
Similarity	
  
Moorings	
  
49.65	
  
43.52	
  
Moorings	
  
61.75	
  
66.37	
  

Mean	
  Squares	
  
	
  
5106.90	
  
2513.60	
  
1934.60	
  
1044.80	
  
	
  
	
  

Pseudo-‐F	
  
	
  
4.888	
  
2.406	
  
1.852	
  
	
  
	
  
	
  

Probability	
  
	
  
0.003	
  
0.057	
  
0.110	
  
	
  
	
  
	
  

	
  
Internal	
  Control	
  
	
  
50.46	
  
Internal	
  Control	
  
	
  
69.50	
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Table 14: (A) Results of two-factor PERMANOVA, comparing the composition of the benthic
infaunal community in the sediments in each of the two external reference sites at Dalpura Bay (n =
9 samples per site: 3 plots x 3 replicate cores) Before installation of the moorings (T1) and 9
months After installation (T3).
(B) Pair-wise comparisons decomposing the interaction between Time (T1 vs T3) and Treatment
(External Reference Site 1 and 2) and showing the magnitude of the similarity (Bray-Curtis
similarity measure) between and within the two sets of samples: the greater the value, the more
similar the samples are to each other.
Source	
  Variation	
  
	
  
Time	
  (T1	
  vs	
  T3)	
  
Treatment	
  
Ti	
  x	
  Tr	
  
Residual	
  
Total	
  
	
  
Pairwise	
  Contrasts	
  
Time	
  1	
  
Ext.	
  Reference	
  1	
  
Ext.	
  Reference	
  2	
  
Time	
  2	
  
Ext.	
  Reference	
  1	
  
Ext.	
  Reference	
  2	
  

df	
  
	
  
1	
  
1	
  
1	
  
32	
  
35	
  
	
  

Sums	
  of	
  Squares	
  
	
  
7927.10	
  
2390.00	
  
1150.10	
  
31723.00	
  
43191.00	
  
	
  
Similarity	
  
Ext.	
  Reference	
  1	
  
56.53	
  
56.40	
  
Ext.	
  Reference	
  1	
  
54.97	
  
56.39	
  

Mean	
  Squares	
  
	
  
7927.10	
  
2390.00	
  
1150.10	
  
991.35	
  
	
  
	
  

Pseudo-‐F	
  
	
  
7.996	
  
2.411	
  
1.160	
  
	
  
	
  
	
  

Probability	
  
	
  
0.001	
  
0.018	
  
0.294	
  
	
  
	
  
	
  

	
  
Ext.	
  Reference	
  2	
  
	
  
58.14	
  
Ext.	
  Reference	
  2	
  
	
  
64.44	
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Figure 1: Map of Moreton Bay showing the position of the four locations at which the trial
environmentally-friendly moorings were installed and benthic sampling was done (before
and after mooring installation).

eastern Moreton Bay

western Moreton Bay
Tangalooma

Dalpura Bay

One Mile

Point Halloran

Figure 2: nMDS ordination of data from the two external control sites in each of the four
locations that were used for the trials of the environmentally friendly boat moorings. At
each location, there were two external controls sites at least 500 metres from the boat
mooring area, within which three replicate cores were collected from each of three randonly
located plots in the sites (n = 18 samples: 2 sites x 3 plots x 3 replicate cores per location).
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Figure 3: nMDS ordination of data from the two external reference sites and the internal control site at
Tangalooma. At each of the sites, there were three plots sampled each approximately 150 metres or more
apart, within which three replicate cores were collected (n = 9 samples: 3 plots x 3 replicate cores per site).
The dashed lines represent free-hand bezigons, added to define the cluster of samples within each of the
sites (two Reference sites and the Internal Control site). Although there is clearly some overlap of the
bezigons in 2D space, the three sites are broadly separated. Formal analysis of the data with ANOSIM
is based on the data in multi-dimensional space without the restrictions of forcing the separation of
samples into a restricted number of dimensions (in this case, two).
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Figure 4: nMDS ordination of data from the two external reference sites and the internal control site at
One Mile. At each of the sites, there were three plots sampled each approximately 150 metres or more
apart, within which three replicate cores were collected (n = 9 samples: 3 plots x 3 replicate cores per site).
The dashed lines represent free-hand bezigons, added to define the cluster of samples within each of the
sites (two Reference sites and the Internal Control site). Although there is clearly some overlap of the
bezigons in 2D space, the three sites are broadly separated. Formal analysis of the data with ANOSIM
is based on the data in multi-dimensional space without the restrictions of forcing the separation of
samples into a restricted number of dimensions (in this case, two).

B
B
B

J

B B
J

B B

H

H
H
B

J

H
H

H

B

J

J

J

J
H
H

J
H

J

Internal
Control

Reference 1

Reference 2

Figure 5: nMDS ordination of data from the two external reference sites and the internal control site at
Dalpura Bay. At each of the sites, there were three plots sampled each approximately 150 metres or more
apart, within which three replicate cores were collected (n = 9 samples: 3 plots x 3 replicate cores per site).
The dashed lines represent free-hand bezigons, added to define the cluster of samples within each of the
sites (two Reference sites and the Internal Control site). At Dalpura Bay, only two bezigons are shown, one
representing the samples in the Internal Control site, the other for the combined samples in the two Reference
sites which were not different from each other (see text for further details).
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Figure 6: nMDS ordination of data from the two external reference sites and the internal control site at
Point Halloran. At each of the sites, there were three plots sampled each approximately 150 metres or more
apart, within which three replicate cores were collected (n = 9 samples: 3 plots x 3 replicate cores per site).
The dashed lines represent free-hand bezigons, added to define the cluster of samples within each of the
sites (two Reference sites and the Internal Control site). Although there is clearly some overlap of the
bezigons in 2D space, the three sites are broadly separated. Formal analysis of the data with ANOSIM
is based on the data in multi-dimensional space without the restrictions of forcing the separation of
samples into a restricted number of dimensions (in this case, two).
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Figure 7: nMDS ordination of data from the area around each of the new moorings and for the
internal controls at Tangalooma at Time 1 (Before) and Time 2 (After) the installation of the moorings.
Three replicate cores were collected around each of the three different trial mooring types (Moorings)
and from each of three plots in the surrounding Boat Mooring Area (Internal Controls). Bezigons
show groupings based on analysis of similarities among samples, using PERMANOVA.
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Figure 8: nMDS ordination of data from the two External Reference Sites at Tangalooma Before (Time 1)
and After (Time 2) the installation of the trial moorings. Three replicate cores were collected from each of
three different plots within each External Reference Site. The data from the two External Reference Sites
are shown separately for clarity, but the two ordination plots are from a single nMDS analysis and therefore
the results are directly comparable between the two sites.
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Figure 9: nMDS ordination of data from the area around each of the new moorings and for the internal
controls at Tangalooma at Time 1 (Before) and Time 3 (After) the installation of the moorings. Three
replicate cores were collected around each of the three different trial mooring types (Moorings) and from
each of three plots in the surrounding Boat Mooring Area (Internal Controls). Bezigons show groupings
based on analysis of similarities among samples, using PERMANOVA.
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Figure 10: nMDS ordination of data from the two External Reference Sites at Tangalooma Before (Time 1)
and After (Time 2) the installation of the trial moorings. Three replicate cores were collected from each of
three different plots within each External Reference Site. The data from the two External Reference Sites
are shown separately for clarity, but the two ordination plots are from a single nMDS analysis and therefore
the results are directly comparable between the two sites.
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Figure 11: nMDS ordination of data from the area around each of the new moorings and for the internal
controls at Dalpura Bay at Time 1 (Before) and Time 2 (After) the installation of the moorings. Three
replicate cores were collected around each of the three different trial mooring types (Moorings) and from
each of three plots in the surrounding Boat Mooring Area (Internal Controls). Bezigons show groupings
based on analysis of similarities among samples, using PERMANOVA.

(A)

B T1-External Reference 1
H T3-External Reference 1

(B)

J T1-External Reference 2
F T3-External Reference 2

Figure 12: nMDS ordination of data from the two External Reference Sites at Dalpura Bay Before (Time 1)
and After (Time 2) the installation of the trial moorings. Three replicate cores were collected from each of
three different plots within each External Reference Site. The data from the two External Reference Sites
are shown separately for clarity, but the two ordination plots are from a single nMDS analysis and therefore
the results are directly comparable between the two sites.
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Figure 13: nMDS ordination of data from the area around each of the new moorings and for the internal
controls at Dalpura Bay at Time 1 (Before) and Time 3 (After) the installation of the moorings. Three
replicate cores were collected around each of the three different trial mooring types (Moorings) and from
each of three plots in the surrounding Boat Mooring Area (Internal Controls). Bezigons show groupings
based on analysis of similarities among samples, using PERMANOVA.
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Figure 14: nMDS ordination of data from the two External Reference Sites at Dalpura Bay Before (Time 1)
and After (Time 3) the installation of the trial moorings. Three replicate cores were collected from each of
three different plots within each External Reference Site. The data from the two External Reference Sites
are shown separately for clarity, but the two ordination plots are from a single nMDS analysis and therefore
the results are directly comparable between the two sites.

Appendix 3 Mooring owner and contractor interviews
Moorings owner questionnaire – Respondent 1
Project
What was good about the project?
 No complaints
 No hiccups at all
What could have been done better?
 More promotion of the project with the public/boating community during the project
Mooring
Good points
 Very good mooring
Bad points
 Poor quality buoy (air filled) supplied originally; possibly damaged by a boat hitting it
 Happy with the foam filled replacement buoy
How important is the ‘environmentally This is a key reason for having the mooring (I’m a bit of a greeny’)
friendly’ function of your mooring?
 Would always choose environmentally-friendly if it is a reasonable alternative
How important is cost?
Will you keep your EFM?
Future maintenance issues?
EFM uptake
What will encourage uptake of EFM?
What methods will work best?
e.g. word of mouth; education;
government regulation; etc
What are your views about the EFM
companies being based elsewhere?
What are your views about developing a
local EFM industry?
Other
Any other comments or questions?

Cost is very important.
Needs to be cost competitive compared to a standard mooring (a friend was recently quoted $2000
for a standard mooring)
 Yes
 No issues – will do the maintenance inspections himself








Not many people know about the project or EFMs – need to let people know
Promote cost competitiveness, servicing options and environmental benefits
A circular or flyer distributed with registration documents
Evenings sessions (presentations) at boat clubs (not trailer boat clubs – not moorings users)



Concerned that he has to source spares/parts from NSW – would be better if there was a local
supplier




This should be easy to establish as the mooring design is simple
Would be an advantage to have the moorings and parts made locally





The projects has gone well
The mooring is good
Des has been great
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Moorings owner questionnaire – Respondent 2
Project
What was good about the project?
 If the project shows the moorings are good for the environment then it will have been worthwhile
 Have a ‘leave no footprints’ policy that the project supports
 Fisheries Queensland has responded well to any enquiries or issues raised
What could have been done better?
 Difficult to get information from Seaflex and/or the contractor about how to use the mooring
 Concerned that moorings owners had to use their own insurance during the trial
Mooring
Good points
 Easy to attach boat to mooring
 Large float is easy to aim at with the boat and easy to reach with the boat hook
Bad points
 MSQ require a yellow buoy whereas the Seaflex buoy is orange
 Management of other moorings (e.g. use of long and/or irregular lengths of chain) impact on
effective use of the Seaflex
o Had problems with other vessels bumping into their vessel because of the long chains used
on the standard moorings
How important is the ‘environmentally Yes, this is important
friendly’ function of your mooring?
How important is cost?
 Cost is very important.
 Cost of previous standard mooring was about $1500 installed
 Increased costs may drive people to permanently anchor (using an oversized anchor) instead of
mooring; can later apply to MSQ for a mooring point to secure the anchoring location
Will you keep your EFM?
 Yes
Future maintenance issues?
 Should be OK
 Options to use current contractor or do it themselves
 May be possible to use underwater cameras to check and record the condition of the mooring
EFM uptake
What will encourage uptake of EFM?
 Keep costs low
 Promote environmental benefits (e.g. develop a promotional flyer; use comparative aerial
photography to show return of seagrass)
 Improve management of moorings generally (e.g. chain length) to avoid collisions
o The disadvantage with improved management is that it is likely to cost more
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What methods will work best?
e.g. word of mouth; education;
government regulation; etc






What are your views about the EFM
companies being based elsewhere?




What are your views about developing a
local EFM industry?




Other
Any other comments or questions?





Education and communications to promote the benefits of EFM
Word of mouth not as effective as there is little interaction out on the water (more in a marina)
People will search out existing EFM owners for advice if there is an education campaign
A regulatory approach will probably drive people away – boats would disappear and insurance
claims would rise!
This is a problem – harder to get answers to questions or any issues resolved
The options for servicing are limited as there is virtually no local servicing industry for any type of
moorings (i.e. people tend not to get their moorings serviced!)
This is necessary for proper installation and servicing of EFM
Government can not require people to have EFM if there isn’t a local competitive industry (a
monopoly would be unacceptable)
There should be a dinghy rack on shore to manage the impacts of tenders on near shore habitats
Let Jim know if the original mooring blocks were removed or left in place.
Check with MSQ if the orange buoy is acceptable – MSQ are a project partner and have not raised
any objections to date.

Moorings owner questionnaire – Respondent 3
Project
What was good about the project?
 Bec Batton did a good job setting things up.
 Des Maslen has been excellent (’10 out of 10’) throughout.
Project feedback has been adequate, especially through Des.
What could have been done better?
Nil.
Mooring
Good points
 Works well, especially with modifications – Des took bridle off shock absorber; changed swivels &
shackles (to prevent possible future problems with shackles)
 Easy to pick up
 Seagrass under mooring has grown back
Bad points
 Initially unhappy – pick up rope was tangling with mooring when boat was off mooring (fixed by Des
– bridle off shock absorber?)
 Boat hangs differently to non-EFM moorings in light conditions – difference between rope and
chain moorings behavior poses challenges for moorings management as different swing
characteristics make it more difficult to ensure boats won’t collide
o This wouldn’t be a problem if moorings were standardized to EFM!
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How important is the ‘environmentallyfriendly’ function of your mooring?
How important is cost?
Will you keep your EFM?



Future maintenance issues?





EFM uptake
What will encourage uptake of EFM?

What methods will work best?
e.g. word of mouth; education;
government regulation; etc

What are your views about the EFM
companies being based elsewhere?
What are your views about developing a
local EFM industry?
Other
Any other comments or questions?

Good that seagrass has grown back.

 $2,500 is an acceptable cost for an EFM – probably fairly comparable with traditional moorings
 Yes
Likes SGF maintenance scheme
$200 cost is fine
Knows mooring actually gets serviced properly

MSQ 5-year moratorium for existing moorings – after that all should be converted to EFM
o Everyone will know what is expected of them
o Standardized mooring with regularized scope will allow more moorings to fit in DMAs –
unoccupied rope moorings float with the tide whereas chain moorings don’t
 3rd party management for individual areas (e.g. Little Ship Club at One Mile) would result in more
comprehensive management compared to MSQ state-wide responsibilities
 EFM trials project needs more publicity
 Word of mouth
 Boating magazine articles (e.g. The Coastal Passage)
o Articles would need to emphasize boat-friendly, mooring quality, ease of use and
maintenance advantages as well as environment benefits
 Tide books
 Include a story in yacht club publications (e.g. RQYS The Main Sheet)
 Des Maslen has done an excellent job so there have been no issues with him being based in NSW








Economy of scale important – lots of moorings in a localized area will works best, especially with
maintenance
Would also be advantageous to have a local supply of parts for maintenance/repair
The SGF float can bang on the vessel bow in light weather so a fender rubber might be useful on
the float
Use a longer plastic sleeve for the rope on public SGF to prevent Tangalooma issue
Noticed that EzyRider stainless rod hits the vessel (Nomad) when the boat rides up on it in light
weather
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Moorings owner questionnaire – Respondent 4
Project
What was good about the project?
 Helping to keep the bay in better condition
What could have been done better?
 Without knowing the results of the test, its difficult to know
Mooring
Good points
 Less stress on the boat
Bad points
How important is the ‘environmentallyfriendly’ function of your mooring?
How important is cost?
Will you keep your EFM?
Future maintenance issues?
EFM uptake
What will encourage uptake of EFM?
What methods will work best?
e.g. word of mouth; education;
government regulation; etc
What are your views about the EFM
companies being based elsewhere?

 The mooring tends to lay on its side with the weight of the rope and shackles
 Very



Not good what happens when you need parts replaced

What are your views about developing a
local EFM industry?



The only way forward



Thank you for your help

Other
Any other comments or questions?

 Vital
 Yes
 Jody Waters to supervise
 Costs
 Government regulation is the only way
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Moorings owner questionnaire – Respondent 5
Project
What was good about the project?
What could have been done better?
Mooring
Good points

Bad points
How important is the ‘environmentallyfriendly’ function of your mooring?
How important is cost?
Will you keep your EFM?
Future maintenance issues?
EFM uptake
What will encourage uptake of EFM?

 Good start
 Better classification of boat types & needs, & of Mooring areas & sea conditions



For boat owners- Engineered solution, but costs should be offset with “greed subsidies”, &
reductions in boat insurance costs.
Annual mooring fees should be reduced as smaller footprint in bay used.
 Not sufficient “cushioning” c.f. long scope heavy chain. Float hits side of boat. Higher set up
& annual costs. Not as suitable for shallow water as traditional “buried” anchors.
 Not important in confined declared mooring areas (especially Dalpura, with its “crappy silt &
mud”), where boat strikes are proportional to the number of sea creatures present,
 Initial cost, & life cycle costing are important.
 These costs are not available to us at this time.
 I do not know that I have any other choice. There are some concerns with what I believe is
happening to my light weight catamaran, that must be resolved.
 Need to know mooring costs, & very concerned about broken diamond stay to mast, &
masthead lights not working. Boat was more “comfortable on old mooring at this stage.

What methods will work best?
e.g. word of mouth; education;
government regulation; etc
What are your views about the EFM
companies being based elsewhere?




Making sure they are appropriate for boat type & exposure.
They need to have a known life cycle cost to owner, or a clear lease cost if provided by
Government.
Matching boat needs with sea conditions.
Offering preferential queue jumping for people on waiting lists, if they put in a EFM.




The industry will develop locally, but when the volume steps up, manufacture will go offshore
Placement & service will & must be local.

What are your views about developing a
local EFM industry?




If there is a justifiable & sustainable need the industry will develop & grow.
The lack of a real industry based on the thousands of existing moorings, would indicate that it
will be commercially insignificant.
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Other
Any other comments or questions?









Too early to judge. Need to deal with honest concerns of boat owners, not distorted by
emotional & untested views of people trying to justify a predetermined position. We need
honest & open debate & real science & engineering.
Controls over positioning of moorings in an area is of greater concern than type.
Shock loads on masts & rigging of light weight boats- both mono & multihull, needs to be
established for mooring types for mooring areas, & options to resolve these forces adequately
resolved.
One solution fits all is being over optimistic. Good Luck.
I must congratulate you all on the tremendous progress made. Without the involvement of Dr.
Greg, & Prof. Tom from U of Q, it would have lacked the creditability you have achieved.
A discussed my concerns regarding our boat with Des Maslen today, & he said he will improve
my situation in the December/January period.
Thanks again for the opportunity today of becoming better informed, & being able to convey my
thoughts.

Moorings owner questionnaire – Respondent 6
Project
What was good about the project?
 Conservation and to get more ‘grass’.
What could have been done better?
 Needed a better instruction manual with more detail, e.g. for distances between the rubbers,
rope lengths etc.
Mooring
Good points
 None really. The mooring never functioned correctly. Maybe due to location right on edge of the
channel, lots of current and wash from boats.
 Unsure if planning hull might not be suitable for mooring?
Bad points
 The mooring failed and the boat broke free.
 The buoy never stays upright, except in the middle of the night when there is no wind.
 The buoy numbers blew off within the first 12 months.
 Barnacles growing on the buoy scratch the boat, boat floats over the top of the buoy.
 Despite rope length adjustments, never quite worked. Perhaps not enough distance between
the concrete blocks and bottom of the shaft.
 Marine growth on the shaft prevents the shaft from moving through the buoy (within a month of
installation).
 The buoy pulls the nose of the boat down,
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How important is the ‘environmentallyfriendly’ function of your mooring?

Future maintenance issues?

Good in concept, but is hesitant due to safety problems.
The design needs to be improved – maybe with a shorter shaft but longer chain off the 3 anchor
points?
 Cost not a major issue.
 Would be happy for MSQ to increase the annual BMA fee and do more compliance.
 Cost not as important as security, if a very good EFM was available would try it.
 Cost of traditional mooring 3 years ago was $1700
 No, unless we replace it with another EFM style that works better.
 Otherwise it is to be replaced with the old mooring ASAP.
 The manufacturer or contractor should pay for repairs and problems with the mooring.
 N/A

EFM uptake
What will encourage uptake of EFM?



How important is cost?

Will you keep your EFM?








Awareness of the damage of boats to seagrass (aerial imagery very effective) and potential
damage to other boats of insufficient moorings.
Could make them mandatory, with annual inspection by approved inspector (or else lose BMA).
Could make moorings authorities more expensive (e.g. $180 per year), which would reduce the
number of unused moorings.
Need an approved, trustworthy local installer – lost faith with FRQWUDFWRU.
Copies of the aerial imagery posted out to mooring owners with BMA renewal.
Keep it simple, not too many words, key messages.



Not a problem, as long as the moorings have been trialed in similar conditions as those here.




Not really a need. Once people have a mooring installed, it will be in for 10 years.
Do need approved local installers.



What methods will work best?
e.g. word of mouth; education;
government regulation; etc
What are your views about the EFM
companies being based elsewhere?
What are your views about developing a
local EFM industry?
Other
Any other comments or questions?
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Company/contractor questions – Respondent 1
Project
What was good about the project?
 The project was a good learning experience
What could have been done better?
 The weather was challenging throughout, especially for installation – January was not the best time
of year to do the installations
 There should have been better instructions from the companies for installation of the moorings
 Instructions on use of moorings should have been provided by the companies for the moorings
owners
What modifications did you make to your  EzyRider at One Mile – added a swivel under the buoy to help reduce twisting
moorings for Moreton Bay?
 Seaflex at Tangalooma - added a swivel below the Seaflex hauser to help reduce twisting
 EzyRider at Tangalooma – added two floats to the chain to lift it off the bottom
 Load tested Manta Ray anchors with lift bags (> 2 tonne holding power each)
What have you learned from the project?  Had not previously used Manta Ray of EzyRider pin anchors
 Product knowledge gained for Seaflex and EzyRider moorings
EFM uptake
What will encourage uptake of EFM?
 Understanding by owners that in the long term there will be less wear on components as these are
off the bottom
 Less environmental impact
 Cost is a key factor (e.g. $1,500 vs $5,000)
o Previous public enquiries to Jody about installing EzyRiders were not followed up due to
cost
 Charge mooring fees based on the area of swing – EFM will be more cost effective
What methods will work best?
 Word of mouth is important – generally a few key people keep a watch on their moorings area and
e.g. word of mouth; education;
communicate any issues
government regulation; etc
 General marketing of a product is difficult due to the small number of people in each mooring area
Industry development
What do you need to develop your
 Improved professionalism - Only reliable, approved contractors should be used to install and
business in Queensland?
maintain moorings
o Approved contractors are required in NZ
 There should be standard requirements for moorings – e.g. insurance, Australian Standard designs
 EFM systems lend themselves to the above points but only with a high standard company
What are the major impediments to you
 Lack of standards and professionalism in the industry
growing your business in Queensland?
 Cost effectiveness is not good enough
o this would improve with many EFM in discrete areas (e.g. in designated mooring areas)
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o

Other
Any other comments or questions?

approved contractors doing the work to specific standards and timelines

Some of the components in the EFM designs are simple and could easily be manufactured locally
The EzyRiders were not supplied with a locking bar ( a required component) and it was difficult to
source this part or an equivalent (3.25 M3 stainless steel bolt)
 EzyRider at Dalpura Bay failed in late May with a different boat on the mooring while the
owner was on holidays
 The EzyRiders were supplied (at that time through Dermody Diving) with ‘yellow pin’ shackles,
whereas the installation manual refers to the more substantial ‘green pin’ shackles
 Shackles on the Dalpura Bay and Point Halloran EzyRiders failed
o it looks like the ‘mousing’ was not sufficient to stop the pin from unwinding
o this might be solved by using a Nylock nut instead of a pin
 Point Halloran EzyRider appears to have lost its rubbers well before the shackle failed
o This may have been caused by another vessel tangling in the EzyRider tackle as LW ZDV
observed a vessel that had broken from its mooring tangleG with LW
 Seaflex at One Mile failed due to plastic cap falling off
o Seaflex did not supply any installation instructions, leaving it to the contractor to decide how
to do the detailed installation
 The offset triple block anchors are 1m2 each, totaling 3m2 sea floor disturbance
o These could probably be modified using a higher profile block to take up less area and 3
tonne may be overkill anyway



Company/contractor questions – Respondent 2
Project
What was good about the project?
 We see this as a well structured and serious move forward to the use of environmentally
friendly mooring systems. As it is also coupled with the parallel process to be part of the
permitting process, it makes this a unique and very good project.
What could have been done better?



There seemed to be some irregularities in the early report of the costing of various mooringtypes. This may well be corrected in the final report though.

What modifications did you make to your
moorings for Moreton Bay?



Our standard mooring pole was shortened to accommodate the 1 m low water level
requirement.
Due to a possible installation related mistake the rope was cut on one mooring. We have now
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altered the construction to use 4 screws instead of originally 2 screws.
What have you learned from the project?
EFM uptake
What will encourage uptake of EFM?
What methods will work best?
e.g. word of mouth; education;
government regulation; etc
Industry development
What do you need to develop your
business in Queensland?
What are the major impediments to you
growing your business in Queensland?

Other
Any other comments or questions?



To make more clear and structured installations instructions.




See next question.
Governmental regulations will encourage to take onboard education and to be open-minded
about good environmental solutions, this will spread as word of mouth.
So, all the three methods in above order.








A long term management solution for the local market. We are currently investigating and
discussing how to expand the company in order to be able to support the process and take our
part of the process, education, advertising, development, sales, installation etc.
There seem to be reluctance by local mooring-contractors to go away from the traditional
mooring systems which require more maintenance.
We are currently in the process of changing our company structure towards an organization
with more focus on sales and direct customer contact.
We congratulate the Fisheries on the initiative taken to have performed this trial.

Company/contractor questions – Respondent 3
Project
What was good about the project?
Education and awareness - It will open people’s eyes to the impacts of traditional moorings and the
benefits of EFM.
What could have been done better?
Pretty much all was good.
What modifications did you make to your  Screwed the mooring in further (due to muddy sediment)
moorings for Moreton Bay?
 Shock absorber was suspended from the buoy rather than attached to the anchor (due to shallow
water),
 Minor corrosion was evident on the moorings in July 2011. Although the corrosion was unlikely to
cause any problems, steel shackles were replaced with stainless steel shackles as a precaution
 Electrolysis was observed between the galvanised shackles of the moorings and their stainless
steel mousing wire. These shackles were replaced with a nyloc lock nutted and bolted version
during servicing in July 2011, also as a precaution.
 The hawser rope on the mooring had been worn through on a bow roller after a vessel had been
moored there and the owner had not set up the mooring line with the protective sheave on the bow
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What have you learned from the project?





EFM uptake
What will encourage uptake of EFM?





What methods will work best?
e.g. word of mouth; education;
government regulation; etc
Industry development
What do you need to develop your
business in Queensland?

Better moorings management – need a system to allocate vessel efficiently and reduce impact
o Limited mooring space means that mooring scope should be standardized to allow more
vessels – EFM lend themselves to this
There should be limits on anchoring (e.g. time) – it is too easy to cause impacts by anchoring and
avoid using EFM
Insurance discounts for using EFM.



Government regulation to require new EFM and have a replacement program for old/surrendered
BMAs



Focus is to develop QA through ISO9000
o Approach insurance companies for reduces fees
o Meet government purchasing policies
o Once implemented can easily add ISO4800 (OH&S) and ISO1400 (environmental
management)
Setting up a base in Port Stephens to train installers and maintainers
o Need to recognize skills involved – perhaps have a course with a certificate
Following the EFM Forum the designers have decided to get together to explore opportunities to
progress the industry
Need to liaise with government departments
Need to provide better information for maintenance contractors
Intend to provide a preferred scheme for moorings management to government for comment


What are the major impediments to you
growing your business in Queensland?

roller. A longer sheave was installed to provide greater protection to the rope.
The buoy on the Seagrass Friend ly mooring at Point Halloran began to sink in July 2010. It is likely
that the buoy was struck and damaged by a passing vesse l as this has occurred in other locations.
This air filled buoy was replaced with a foam buoy.
The mooring line on the mooring at One Mile was observed to occasionally tangle with the
subsurface shock absorber in 2010. This was rectified by installation of a small buoy on the
mooring line.
Learned a lot about market needs and customer expectations including:
o The culture of Moreton Bay boat owners
o Cost is always a key factor – preconceived ideas that EFM will be expensive
The benefit of a streamlined approvals process
More about benthic fauna – that ‘bare’ habitats are important too
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Other
Any other comments or questions?






Very impressed with the commitment of Bec & Kurt to the project and to EFM as public servants –
“you could have just sat around and collected your pay”
The EFM Forum was a great day, well run, with lots of information
o Kurt’s presentation “really hit the spot”
Want to reinvigorate the National Moorings Network and include EFM companies on the steering
committee.
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Appendix 4 Forum report
Agenda - Moreton Bay Environmentally Friendly Moorings Forum
12 September 2011, Royal Queensland Yacht Squadron, 578 Royal Esplanade, Manly,
Queensland

Time
0800
1000
1005
1015
1040

Item
Set up
Welcome to country
Welcome to forum; goals; how the day
will run
Project background and overview
Ecological monitoring

1115
1130

Morning tea
Engineering study

1145

1235

Installation and maintenance of EFM –
lessons learned from Moreton Bay
Installation and maintenance of EFM –
lessons learned from Moreton Bay
EFM – owners’ perspectives

1255

Lunch

1400

Industry development – issues &
options
Summary of the day
Close and evaluation forms

1210

1500
1515

speaker
Shannon Ruska, Quandamooka
Chair – Tony Costantini, Operations Manager,
SEQ Catchments
Kurt Derbyshire, Fisheries Queensland (DEEDI)
Dr Greg Skilleter, Reader in Experimental Marine
Ecology, University of Queensland
View trade display
Dr Tom Baldock, Associate Professor, School of
Civil Engineering, University of Queensland
Des Maslen, On-Water Marine Services
Jody Waters, Waters Marine
Carol Stinson & Jim Warn; comments &
discussion from other owners from the floor
View trade display; Q&A with EFM
manufacturers
Chair to lead open discussion
Joel Bolzenius, SEQ Catchments
Chair
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EFM Moorings Forum – Attendance Register
(Removed from online version of report for privacy purposes)
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Plate A1. Participants and speakers at the EFM Forum.
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Forum summary
Presentations
1. Project background and overview
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Department of Employment, Economic Development and Innovation

Environmentally-friendly moorings (EFM) trials in
Moreton Bay
Project overview
Kurt Derbyshire & Rebecca Batton, Fisheries Queensland

Overview
•
•
•
•
•

EFM
How the project came about
What we did
Challenges
Where to next?

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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Why are we here?
•> 1000 m2 halos!
•no habitats = no fish = no seafood
•turtles & dugong
Block and tackle mooring, north Queensland

Photo courtesy of Rottnest Island Authority
© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011

Victoria Point, Moreton Bay

3

Why are we here?
• Approvals – separate, uncoordinated processes
 MSQ – Buoy Mooring Authority (BMA)
 DERM - Marine Parks approval
 Fisheries Queensland – fisheries development approvals
- assessment fees $2000 - $3,000!

 GBRMPA (GBR Marine Park)

 poor outcomes
© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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Why are we here?
Cooperative interagency planning – Moreton Bay
• Designated Mooring Areas (DMAs)
• Streamlined approvals processes
 Fisheries code for self-assessable development
 Moreton Bay Marine Park zoning provisions
 EFM in DMA = no fees, application or approval required
 only need MSQ BMA

• EFM
 little/no previous use in Queensland

 Trials
© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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EFM project in Moreton Bay – 18 month trial
• Project partners:
–
–
–
–
–
–
–
–
–
–

SEQ Catchments
DEEDI Fisheries Queensland
DERM Marine Parks
TMR Maritime Safety Queensland
University of Queensland
Seagrass Watch
Tangalooma Resort
Moorings owners
Moreton Bay Seafood Industry Association
Moreton Bay Access Alliance

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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EFM trial - moorings
• Global Mooring System (EzyRider)
• Seaflex
• Seagrass Friendly Mooring System

Ezy rider - Photo courtesy of Rottnest Island
Authority
Des Maslen’s Seagrass Friendly Mooring System
7

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011

EFM trial - locations

Tangalooma

1. Moreton Island (Tangalooma)
2. North Stradbroke Island (One Mile)
3. Point Halloran
One Mile

4. Macleay Island (Dalpura Bay)

Pt Halloran
Dalpura Bay

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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EFM trial - objectives
• Do EFM cause any impacts?
• Do sites recover after old moorings
removed?
• How well do EFM secure vessels?

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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EFM trial – project design
• Scientifically rigorous

– UQ ecological and engineering studies

• Community participation

– Seagrass Watch volunteers

• Servicing inspections – 9 & 18 months
– issues; maintenance

• Questionnaires & interviews – following servicing
– owners, contractors & companies

• Communications

– Channel 10 Totally Wild segment
– this Forum

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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EFM trials - project issues
• Funding delays – late start
• Bad weather (summer)
– installation & servicing delays
– experimental design implications

11

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011

EFM trials - project timeframe
Event
First UQ ecological study
EFM installations and traditional mooring
removal
UQ engineering study
Second UQ ecological study
First EFM service event
Third UQ ecological study
Owners’ questionnaires
Second EFM service event
Owner/contractor interviews
Final report delivered, project completion

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011

Timing
January 2010
Late January – early March 2010
May 2010
July 2010
October 2010
November 2010
December 2010
July 2011
July-September 2011
October 2011

12
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Results – expressions of interest
• High level of public interest
• 75 mooring holders expressed interest (out of 275 - 27%)
– 10 chosen for trial

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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Results – EFM performance
• No major issues with 9 moorings
– minor installation modifications
– minor maintenance modifications

• 3 moorings failed
– EzyRider at One Mile
– EzyRider at Dalpura Bay
– Seaflex at Dalpura Bay

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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Results – owner questionnaires
• After 1st service
• 50% return rate
• Positive feedback
– reduced environmental impact
– ease of use

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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Owner/contractor interviews
• After 2nd service
• 4 owners & 3 companies to date
• Key feedback
–
–
–
–
–
–
–

support for project & EFM concept
cost
insufficient documentation/instruction for owners & installers
satisfaction with mooring/company varied with issues experienced
local industry development issues
benefits of standards/accreditation
better promotion of EFM

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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Where to now?
•

Forum outcomes

•

Final report to Australian Government - 1 October

•

Communication/extension of project results

•

North Queensland

–
–
–
–

moorings performance
ecological & engineering studies
owner, companies and contractor feedback
Forum outcomes

– project partners
– mooring owners & companies
– wider boating community

– EFM in tropical conditions
– continued interagency planning

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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Questions

© The State of Queensland, Department of Employment, Economic Development and Innovation, 2011
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2. Ecological monitoring
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Are ‘EnvironmentallyFriendly’ Boat Moorings
Environmentally Friendly ?
Greg Skilleter & Simon Walker
Marine & Estuarine Ecology Unit

Talk Overview
1. Introduction
i.

Why protect benthic habitats?

ii. Disturbance in estuaries
iii. Complex problem – our approach

2. Methods – what animals to assess?
3. Summary of Results
4. Implications for Management
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Our estuaries are valuable …
• Estuaries support …
–
–
–
–

High biodiversity
Fisheries
Natural filter
Buffer against storms

• Moreton Bay
– Marine park
– Borders major city

Disturbances are common!
• Australia’s
population on or
near estuaries
–
–
–
–

Pollution
Eutrophication
Over-fishing
Loss of habitat

• Any effects of
moorings may be
hidden …
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Information needed …
• What should we monitor?

– Fish, plankton, plants, animals in sediment ?

• Numbers and types of animals around
moorings & elsewhere
– Critical design issue but also cost

• How to avoid ‘blaming’ moorings for impacts
they do not cause ..
– But detect ones they do

• Some generality in study

– Use results elsewhere – lots of interest

Benthic Invertebrates
Why worry about worms?
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• Benthic critters:

• Support estuarine food webs – food for fish & larger biota
• Help oxygenate & irrigate sediments
• Maintaining productivity
• Reduce occurrence of dead zones
• Important component of biodiversity
• Critical ecosystem functions
• Responsive to small scale impacts – good for detecting problems

Sampling Design
• Untangling impacts …
• Before samples
– ~ 1 month earlier

• After samples

– ~ 6 & 9 months after

• Four locations
–
–
–
–

Tangalooma
One Mile
Dalpura Bay
Point Halloran
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Before-After, Control-Impact
Samples collected
Samples collected
single time BEFORE single time AFTER

Abundance

Control
Site

Putatively
Impacted!
Site

IMPACT

Samples collected
Samples collected
single time BEFORE single time AFTER

Abundance

Control

Both populations Site
proceed
thru time along some
track. These tracks will
not be the same BUT
Putatively
what we want
to know is
Impacted!
how the ‘impact’Site
affects
one of these tracks

IMPACT
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The two populations/
communities start to
diverge after the onset of
the potential impact

Some technical issues that
mean we need more than
one control site
• to do with appropriate analyses

Abundance

Control
Site

Putatively
Impacted!
Site

IMPACT

Tangalooma

One Mile

Point Halloran
Dalpura Bay
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External Reference Site

• has no new moorings
• has no other boats
• in same environment as BMA
• depth, topography, adjacent
land use

Boat-Mooring Area

• has new moorings
• has other boats
• has other impacts from BMAs
= the trial moorings
= internal controls

External Reference Site

• has no new moorings
• has no other boats
• in same environment as BMA
• depth, topography, adjacent
land use

What would an impact look like?
1. Small scale …
•

BEFORE

New moorings
cause change in
mooring area

INTERNAL CONTROLS

NEW MOORINGS
AFTER
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What would an impact look like?
2. Large scale …
•

New moorings
exacerbate effects
of mooring area

•

Boat-Mooring Area
becomes less like
the nearby
Reference areas

What would an impact look like?
2. Large scale …
•

New moorings
exacerbate effects
of mooring area

•

Difficult to detect
though – change
can happen in so
many ways

125

Results
1. 47,481 animals
processed

2. Selection of 4 sites
appropriate

–

Different communities
found in each site

–

Greatly increases
generality of our
understanding

Community Composition Across Four Sites
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Tangalooma Samples – Before Installation

Tangalooma & One Mile – Before Installation

Communities different from each
other: the numbers and types of
animals are different in the two places

Community Composition Across Four Sites

Tangalooma vs One Mile
• 39% amphipods
• 13% marine worms
• 07% tanaids
• 07% snails

Dalpura vs Pt. Halloran
• 25% marine worms
• 21% amphipods
• 09% ostracods
• 08% tanaids

Existing Effects of Boat-Mooring Areas

Community inside BMA is different from
the communities that are close by (but not
exposed to the influences of moored boats
and associated activities)
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Are There Small Scale Impacts from the Trial Moorings?
Tangalooma Boat Mooring Area
Trial Moorings vs Internal Controls

Time 1

Time 3

Time 2

Time 1

At 6 months & 9 months post-installation
there were no significant differences between the
trial moorings and the surrounding internal controls

Are There Small Scale Impacts from the Trial Moorings?
Dalpura Bay Boat Mooring Area
Trial Moorings vs Internal Controls

Time 1
Time 2

Time 3
Time 1
At 6 months & 9 months post-installation
there were no significant differences between the
trial moorings and the surrounding internal controls
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Are There Large Scale Impacts from the
Trial Moorings?

• Does installation of the

•

trial moorings cause an
important change in the
overall Boat-Mooring
Area?
Complex problem
– Need to compare the
changes in Boat-Mooring
Area from Before to After
the installation
VERSUS

Source
Variation

Specific Contrast of
Interest

P value

Time

0.001

Treatment

0.001
Moorings vs Ext. Ref

0.001

Int. Control vs Ext. Ref

0.001

Time x Tr

0.001
Ti x (Moorings vs Ext. Ref)

0.001

Ti x (Int. Control vs Ext. Ref)

0.001

BMA x (Average Refs)

0.001

Residual

Average of the changes in
2 Reference Sites over
same time period

Are There Large Scale Impacts from the Trial Moorings?
Tangalooma Boat Mooring Area

Boat-Mooring Area vs External References

Time 1

Time 2
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Are There Large Scale Impacts from the Trial Moorings?
Dalpura Bay Boat Mooring Area

Boat-Mooring Area vs External References

Time 1

Time 2

Conclusions
• No small scale impacts of trial
moorings
– Over 6-9 months seabed ‘merged’ with
surrounding Boat-Mooring Area

• At larger scale, addition of trial
moorings did cause change in BMAs
– BMAs became more like nearby reference
areas
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Environmentally sustainable moorings
in Moreton Bay
Engineering study
Daniel Ash, Elizabeth Keogh, A. Prof Tom Baldock

School of Civil Engineering, University of Queensland
ww.uq.edu.au/coastal; t.baldock@uq.edu.au

Introduction
 Small engineering study
Undergraduate program

1

as part of two students’

Contribute to the following overall project aims:
 Determine efficacy in se
environmental conditions

curing boats under different

 To document and provide boat owners with reliable
information about the safety
and secur ity of these new
mooring types.
 Which environmentally friend ly mooring device/s will be
suitable under the
climatic conditions that Moreton Bay
experiences.
 Undergraduate training for
civil and envir
onmental
engineering students in the emer
ging is sue of innovative
engineering design for environmental benefit.

2

Methodology
 Conduct a review of the publ ished sc ientific literature on
screw anc hors with particular r egard to pull-out resistance of
such anchors.
 Review the open literature
for information on the soil,
sediment and geology of the near surface Bay sediments
 Perform field trips to observe mooring installation, to obtain
sediment samples for laborator y testing and perform in-s itu
testing of sediment strength
in the intertida l zone and in
deeper water if possible.
 Analyse in-situ testing data,
relate to the sedime
characteristics, and report the engineering conclusions.

nt

 Summarise wind and wave condit ions in Moreton Bay, and
expected loads on anchors from a range of vessel sizes.
3

Methodology (cont)
 Compare empiric al methods to determine the pull-out
resistance of screw anchors with techniques in the literature
 Compare stated loads
prov ided by the anchor
manufacturers with the estimated wind and wave loads.

4

Work activities
 Two undergraduate students, one student worked on the
project for one semester, the other student for two
 Both students and one Technical Staff member from the UQ
Civil Engineering Geomechan ics Laborator y have per formed
three field trips, one in conjunc tion with per sonnel from QP IF
and DERM to observe mooring installation.
 Two field trips were performed to take se diment samples
and conduct in-situ testing in t
he intertidal zone at Point
Halloran.
 In-situ strength testing wa s performed with a vane shear
apparatus and a small single screw auger.
 Laboratory analysis of sediment samples and field data.
5

Work activities
 Sourcing data on wind and wave conditions in Moreton Bay
and comparison of the lik ely wave clim ate with estimates
calculated from observed winds.
 Apply engineering calculations to estimate loads on moored
vessels for given wind and wav e conditions and comparis on
of these loads with stated pull-out capacities of screw anchors

6

Problem – scour around mooring anchor point

 Traditional rigs cause extensive scouring
 As the chain swings with tida l movement, halos are created
where the sea grass is uprooted
7

Solution - general arrangement
Hazelttmarine.com

 Lift anchor chain/rope off the sea bed
 In some cases replace traditi onal drag anchor or block with
anchor rod drilled into the bed
8

Focus
 Geotechnical component of t he study focused on the helix
type screw anchors
 Least tested anchor from the documentation provided by the
anchor providers.
 Manta Ray anchor installation pr ocedure states that an insitu load test must be performed for each installation.
 Manta Ray anchors have been used as
anchors.

gener al ground

 The Seaflex buoy mooring system is unrelated to the anchor
type or ground conditions

9

General arrangement
 Anchor rod drilled 4m
into ocean floor
 All components
suspended above sea grass
 Spring used as damper
to absorb shock loadings

Specialist installation
 Drill is used to drive
anchor into position

 Torque is
measured
throughout the
installation process

Field testing
 Vane shear testing at
installation site
 Sediment sampling
 Vane shear and pull-out
test performed in intertidal
zone
 Field results used as extra
data for theoretical model
 Limited data on Bay
sediments in the open
literature

Theory – uplift capacity of helix anchor or plate
 Uplift capacity of helical anchor
defined by shear strength of
sediment

Shaft Diameter

Pitch
Uplift capacity Failure Column Area
Helix Diameter

Shear Strength

Weight of soil cylinder

Ghaly and Hanna (1991); Lutenegger (2009)

Theory – torque generated
 Torque method sums
each com ponent an d
solves for the failure
angle
 Mohr-Coulomb theory
is applied to determine
the shear strength
 Shear strength
substituted into bearing
formula

Empirical model

Uplift capacity

Helix area

Unit weight soil

Installation torque

Installation depth

Helix pitch

Ghaly, A, Hanna, A 1991, 'Experimental & Theoretical Studies of Installation Torque on Screw
Anchors', Canadian Geotechnical Journal, vol. 28, p. 11

Modelled versus actual pullout loads

 Achieved max pull-out capacity = 15 tonne
 Models underestimate capac ity, so conservative. Esti mates
of shear strength difficult.

Weather conditions in Moreton Bay
Peel Island Weather Station

Moored Vessels

 Bureau of Meteorology provided wind recor ds (
2 years)
 Wind data taken at station on Peel Island

Wind

 Maximum Wind Gust = 21m/s (42kts) (2 years)
 Wind loading design standard for Brisbane is about 50m/s

Wind generated waves

US Marine Corps Shore
Protection Manual
 Predicted wav e height similar very to wave height as
recorded by Moreton Bay wave buoy (1.25m)
 Maximum wave height chosen for force modeling

Wave forces on moored vessels
Dean & Dalrymple
(1991) describe
wave forces on fix ed
vessels

x

l1

P

l

1

3

P
l
2

2

z=‐S

Uplift capacity

 Stated capacity up to 15000kg - good factor of safety
 3m high wave, 10m power boat - 2500 kg load.
 2500kg safe working load likely to be adequate
except in the most severe conditions.

Compared to traditional moorings
 Consistent with traditiona l mooring system where
2000kg anchor blocks are used.
 Similar anchor specificati ons for the Seaflex system
(2000-3000 kg equivalent) for 8m-10m vessels
 Manta Ray anchors (2000-50
silts and silty-sand.

00 kg equivalent) in

Oyster Pond, St Martin, USA,
35 moorings secured by Helix anchors
withstood the forces of hurricanes
Georges (1998) and Lennie (1999) with
no anchor failures.
(Helix Mooring Systems, Inc).

Conclusions
 Full scale load tests might be
data is for different site and s
Moreton Bay.

appropriate sinc e empirical
oil con ditions to those in

 Installation torque alone does no t allow accurate prediction
of uplift capacity using theoretical modelling, but it provides
a good guide.
 For anchor s correctly installed as stated by manufacturer,
these anc hors are capable of holding the recommended
loads with a good factor of safety
 Wind and wave loading on typi cal vessels is unlikely to
exceed the anc hor capac ity ex cept in the most severe
conditions.

EFM installation & servicing issues - Des Maslen (On Water Marine Services)
Seagrass Friendly mooring














Initial cost $3000; approx $260 service/yr
5 year life on springs in shock absorber – possibly shorter life with a larger vessel; lower
frequency of spring replacement with smaller vessels
Screw pile has 30 year life
Quality assurance is high as all components are engineering tested; also defined service costs
Traditional moorings are not tested
Modifications for Moreton Bay conditions:
o Moorings screwed deeper into (muddy) sediment
o Shock absorber suspended from buoy rather than attached to anchor due to owners’
concerns about operation in shallow water
o Demonstrates flexibility of design
Vessels must be properly equipped – e.g. point of attachment on bow must be adequate
Looking to set up an installer in South-East Queensland
uses GPS and scanner (20 mm resolution) to find mooring in dynamic substrate
limited by rock (can’t drill through) but is developing a solution for this
minor electrolysis in some components so replaced with stainless steel etc as a precaution –
no electric current effects as occurs with chain links of traditional moorings
Will be pursuing ISO9000 quality assurance – will assist with insurance

EFM installation & servicing issues - Jody Waters (Waters Marine)
Seaflex and EzyRider moorings
Manta ray anchors













Moorings at Point Halloran- concrete blocks 3tonne = 1.5 tonne holding capacity in water
Modifications for Moreton Bay:
o Used manta ray anchors on some Seaflex moorings – driven in to the substrate with a
hydraulic ram
o Extra floats on long chains in deeper water for EzyRider mooring
EzyRider offset pin moorings are water jetted into the substrate
Shackles on two EzyRider moorings not sufficiently held in place, as moorings move around
shackles come undone (shackle pin unwound), boats broke away
Environmentally they are easy to install but need better documentation – currently open to the
interpretation of the installer.
Visible benefits of EFM to the environment.
Quality of moorings - good studies (engineering studies; testing of loads, capacity and
substrate), well documented.
Benefits of engineering studies – insurance; less scope; environmental
The future for EFM is positive but need business models and government leadership
Costs of installation include diving regulations – need 3 divers & surveyed vessel
Can install 2 moorings per day

EFM owners’ perspectives - Carol Stinson & Jim Warn; other owner input from the floor
Owners of Seaflex mooring on 3 concrete blocks







The colour of the buoy supplied does not meet MSQ specifications
The buoy can scratch the boat in light weather (buoy lies alongside boat)
Loose mooring rope can sometimes tangle
The Seaflex buoy is easy to pick up
Swivels on EFM don’t always work and cause coiling of rope
Owners must have more information (documentation)
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At moment-having environmentally friendly moorings in amongst other is not the way to go –
traditional vessels swing differently and there is no limit on the length of chain, so scope can be
excessive for these
Must be more control of where the moorings go down
Moorings are environmentally friendly and lend themselves to better controlled moorings areas,
e.g.:
o could have separate areas for EFM
o need to have vessel size limits appropriate to conditions such as depth – boat owners
should be involved in planning; “need common sense”
o Current DMAs have large vessels that ground at low tide and cause greater impacts
(larger area; heavy vessel; antifouling) than chain alone – these are negating the
benefits of EFM (although these were in place long before EFM)
Local installers are needed
Costs is a key issue:
o EFM (mooring, installation, servicing) cost too high
o Marina costs are too high
o High costs will drive people to anchor permanently
Perhaps if Govt makes a user pay i.e. put 50 or 150 moorings in and users pay an annual fee
Governments need to work together and get the information out to the public and make them
viable and cost effective.
o Plans for moorings field of 120 vessels at Scarborough Harbour – this needs
interagency cooperation to plan properly
EFM ‘ambassadors’ (EFM owners from trials) should be used to promote benefits of EFM
EFM should be load tested for larger vessels

Industry development forum
Open discussion











A key issue is to have a planning regulatory framework to encourage more EFM in the future
John Page (MBSIA) - represents fishing in Moreton Bay
o Issues re insurance – if they smash into you, who’s liable for insurance?
Some boats turning on the tide and the others not - causes problems.
Problems with mast whipping of light weight catamaran on Seagrass Friendly mooring – simple
solution will be implemented by Des Maslen
Biggest issue is with management, need a better management plan and a sustainable process
o EFM lends itself to better management.
Government should install moorings (e.g. proposal at Scarborough harbours) then lease to
public
o service of moorings to be in that lease, moored over varied depths appropriate to vessel
characteristics (all vessel off bottom).
o Make sure there is a certain distance between moorings.
o Need legislation for distance between moorings – regulate area allowed to be occupied.
o Swing should be limited for better management and reduced impact
o The new moorings have no extended length and are steadfast. Older moorings have
more swing room.
There should be a government commitment to implementing EFM including planning –
“government should lead”
o Previous efforts in Queensland to establish EFM have not gone ahead due to lack of
government support
o Still problems but have come along way, previously no government agencies talking
were to each other; now we have a more streamlined approval process in place.
Government should implement a transitional planning scheme:
o Determine a change over rate from tradition moorings to EFM
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o Find out how many buoy mooring authorities lapse each year
o Plan ahead for changing to EFM
o Opportunities to change to EFM with on selling of moorings?
 Using anchoring as an alternative to mooring is not acceptable
 Government and GBRMPA should provide EFM in sensitive habitats where boats anchor (e.g.
Lady Elliot Island)
 Boating costs have traditionally been viewed as being cheap – need to change mindset that
moorings should be cheap:
 Cultural shift required - “a mind shift is needed”; “we need a shift of culture”
 This is currently being driven by environmental groups
 Show how EFM negate risk – IOS9000, insurance
 Community involvement
o Needs to be a demand from mooring community, need to get information out to public.
o Have had discussions re long chain or small springs - community needs to be involved
and make boat owners understand the spring options.
 There could be research into how moorings springs operate.
 Cost issues:
o Point Halloran $1500 for 2 tonnes of concrete & chain; other quotes for traditional
moorings up to $2,000 – EFM more expensive than this.
o Berth at Scarborough $1500+ per year
o In NSW maritime $185 for licence. Annual fee $250. NSW 15,000 moorings.
o EFM are a great idea, but costs come into it. One design works with adjustments to suit
each boat. Different areas will have different servicing costs.
o Mooring owner previously gained approval from MSQ but should have then gained
Fisheries approval which would have cost $2000, but did not do as were not informed
about. No information given about length of chain either.
 Now you must have approval from DEEDI before applying at MSQ (recent
interagency cooperation).
 Southport Yacht Club looking at installing 75 EFM
 4000 approved moorings in Queensland; 1200 moorings from Noosa to Caniapa Passage
 Gold coast 600 moorings approx 600 on the waiting list. People on the waiting list for 2 to 10
years!
 In relation to fauna, results of Moreton Bay EFM project found
o 4 areas of great difference in sediment types, generally.
o This means that the results are broadly applicable to the Gladstone/Narrows area
o Results may not be as applicable in high carbonate sediments further north
o Tangalooma lots of seagrass. One Mile not so much seagrass. Seagrass biomass
didn’t affect results.
 EFM ecological benefits
o get rid of “patchiness” in bottom habitats from mooring blocks and chains.
o EFM will not break up Caulerpa as traditional moorings do, which contributes to its
spread in NSW.
o Mooring studies in Shoal Bay NSW show that seagrass planted in some of the scours, it
has regrown.
Summing up
Led by Joel Bolzenius, SEQ Catchments
Kris Boody, Gold Coast City Council
 Impacts of traditional moorings on fisheries productivity
 Disjointed approvals – good that agencies are coming together
 Public interest in EFM
 Importance of industry development
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Importance of promotion of EFM – public need greater understanding

Greg Skilleter, University of Queensland
 Improved areas of sea bed with EFM
 Large scale recovery across sites evident with EFM
Adrian Dawson, DEEDI
 Impressed with whole day
 proof that EFM does minimise environmental impacts and perform as well if not better than
traditional moorings
 Why would user pay more for EFM? What is the benefit for the user given the cost? This is
something that needs to be addressed.
 Not enough regulations on moorings management
 Pleased with coordination across agencies
 Still a lot of work to go.
Rodney Powell, Redland City Council
 good to see interest in EFM and owner participation in the forum
 Coordination from Government agencies/management – there has been a lack of it.
 Some engineering issues still to be addressed.
 EFM are good, but need more studies on how they perform.
 Cost is still an issue. Needs to be well managed to let people to change.
 Only good management will make EFM successful (“to let people change” to EFM) and make
best use of the benefits of EFM
 IDAS process is too slow.
Jack Learoyd, Moorings owner/trial participant
 Cost impediment to implementing EFM - need to know costs/if it will be subsidised.
 Big benefit of EFM is that they have made a difference quickly - most agree where moorings
have gone in, there has been a benefit after 2 year period.
 Local industry development is important - will benefit both local industry and mooring owners.
SEQ Catchments collected feedback forms at the end of the Forum.
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